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What kind of places are we creating?  

It’s a question that crops up a lot in this issue, sometimes 
from unexpected angles. 

Smart city technologies are developing quickly, in 
capability and implementation. What’s lagging behind is 
our understanding of their implications, for societies and 
human psychology. We are only beginning to quantify the 
profound influence the built environment exerts on people, 
with the aid of disciplines such as neuroscience. The next 
step is to work out how to use this new knowledge — and 
the incredibly powerful tools at our disposal — to make 
places that are healthy, sustainable and successful. 

We need to tread carefully. The unintended consequences 
of good intentions echo throughout this issue too, from 
carbon reduction policies that lower air quality, to the risk 
that urban greening leads to suburban sprawl. Managing 
buildings digitally can increase comfort for occupants 
but leave them prone to intrusive surveillance, while the 
smartphones that enable us to navigate unfamiliar cities 
may sap our cognitive abilities at the same time…

The new world we are engineering requires thoughtful, 
multifaceted solutions, as we seek answers to questions 
that no one has faced before. The challenges have never 
been so great — but then neither has the potential.

 
Tom Smith, WSP
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It’s easy to be seduced by the power and precision of 
digital models, writes Mark Bessoudo. But they can 

only ever offer an approximation of reality

T H E  M A P  
I S  N O T  T H E 
T E R R I T O R Y

“I have rivers but no water; forests but no 
trees; cities but no buildings. What am I?” 

I t took a few seconds to realize that 
the question being asked of me was 

actually a riddle. 
I was in Hong Kong, dining at a cha 

chaan teng. Literally translated as “tea 
restaurant,” these humble, retro diners 
have been serving no-nonsense comfort 
food since the 1950s. To the uninitiated 
or unprepared, eating at a cha chaan 
teng can be a jarring experience. You 
are made to share an impossibly small 
table with complete strangers. Servers 
can be a bit too brisk, too impersonal. 
Upon entering, one immediately feels the 
pressure to quickly sit, order, eat, pay and 
leave. Servers have no time to engage 
customers in idle chit-chat, let alone 
issue existential challenges. The fact that 
this server was bending these unwritten 
rules to ask me a riddle — so calmly and 
so nicely — was a surprise. 

After I admitted defeat, he revealed the 
answer: a map.

Of course! Maps show rivers, forests 
and cities, but they don’t contain any 
water, trees or buildings. 

I thought more about it as I sipped on 
the famous milk tea that gives these 
establishments their name. I realized that 
it was more than just a clever riddle — it 
reveals something more profound about 
our perception of, and engagement with, 
the wider world.

“The map is not the territory” is a 
phrase coined by the Polish-American 
philosopher and engineer Alfred 
Korzybski. He used it to convey the fact 
that people often confuse models of 
reality with reality itself. 

According to Korzybski, models  
stand to represent things, but they  
are not identical to those things. Even  
at their best, models require 
interpretation. They are imperfect 
because they are, by definition, an 
abstraction of some larger complexity. 
Furthermore, we often misunderstand 
their limitations, preferring an 
incorrect model to no model at all. It’s 
human nature. 

This has practical implications. For 
technical professionals, it can be all 
too easy to become captivated by the 
quantitative precision or predictive  
power of models. Consultants are  
paid to provide clients with a level of 
assurance that their models and  
methods will produce accurate results. 
Engineers are trained to use tools  
that seek to change the world using 
“first principles” — the mathematical 

# P H I L O S O P H Y  # T E A  # M O D E L S V E R S U S R E A L I T Y

models and physical laws that govern 
the universe. 

But the models we use — from 
building information modelling and 
energy performance modelling to 
life-cycle assessment (LCA) and even 
old-fashioned Excel spreadsheets — 
should never be thought of as the end 
goal of our work. They are a means to 
an end. Models do not replace skill or 
knowledge, they augment and inform it. 

Knowing their limitations and the context 
within which they operate is essential.

Take, for example, an LCA of a building. 
It can show the relative order-of-
magnitude differences between design 
options — comparing the life-cycle 
carbon impacts of concrete versus steel, 
say — but it cannot offer precision on 
the real-world carbon emissions of any 
individual building material. As Jason 
McLennan, architect and founder of 
the Living Building Challenge (the most 
advanced measure of sustainability in 
the built environment) puts it, “Decimal 
points in the spreadsheet do not translate 
to real-world precision … Outputs are 
never truth. They merely approximate a 
potential truth.” 

To be clear, we need models, maps 
and tools. They are critical for careful 
analysis, forecasting and planning. 
They help us navigate a terrain of 
uncertainty across a landscape of 
potential outcomes. And, paradoxically, 
tools can help in overcoming some of 
their own shortcomings: measuring a 
building’s actual energy performance, 
for example, can help to minimize the 
latent uncertainty in the predictive energy 
model used to design it. 

These issues extend beyond technical 
domains. To understand the complexity 
of reality, our minds create their own  
kind of mental maps: ideas, beliefs, 
shortcuts. They, too, can be misguided. 
My idea of how a cha chaan teng 
server should behave, while based on 
knowledge and previous experience, 
didn’t quite map onto reality. Not this 
server. Not this time. 

Soon after finishing my tea I headed 
to the airport. On the plane later that 
evening, I glanced at the rivers, forests 
and cities glowing on the screen in  
front of me: the map. I turned to look 
out the window at the water, trees and 
buildings below me: the territory.  
The two are interconnected — but  
worlds apart. 

Mark Bessoudo is research manager 
at WSP in London. He is also founder of 
platoforplumbers.comPo
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# C L I M A T E C H A N G E  # O I L R E T R E A T  # 9 6 M I L L I O N B A R R E L P R O B L E M

“Surprise! Our unlikely heroes are the CEOs of the 12  
major oil companies. They could lead the production retreat —  
in fact, their corporate objectives require that they do”

I n the movies, when there’s a mission 
to save the Earth, we know who the 

hero is and we trust that failure is not 
an option. But right now, we are losing 
the battle to prevent destructive global 
climate change, and we’re losing big. Our 
backs are against the wall. 

We are not losing because we don’t 
have enough solar panels or wind 
turbines, or because we haven’t made 
enough biofuel. For the past 50 years, 
we have placed our hopes in green 
technologies as substitutes for fossil 
fuels, but sustainable energy alone is not 
a realistic way to achieve our mission — 
and now we are out of time. The reason 
we are losing is because the world is 
consuming 100 million barrels of oil every 
day. Fossil fuel is used for everything: 

the movies, the hero always thinks of an 
answer in the nick of time — something 
surprising but obvious, something that 
turns the enemy’s strength against them. 
So what are we going to do to turn the 
tide and achieve our ultimate objective: 
leaving four-fifths of hydrocarbon fuel 
reserves in place beyond this century? 

I decided to take on this wicked 
problem by playing the Matrix Game with 
my PhD students. The first step of the 
game is to define the objective — easy. 
Only 250 gigatons of fossil carbon can 
be removed from geological deposits by 
the end of the century. That means a 10% 
annual reduction in oil production until 
the sustainable level of 10 million barrels 
per day is reached in about 2050. 

The next step was to research the 

providing our food, making our stuff, 
getting to work and having fun. There 
is no fuel that can compete on cost, 
performance and availability. If the oil 
supply stopped flowing tomorrow, every 
system would fail. But if it keeps flowing, 
climate stability will fail. This is what we 
call a “wicked problem”, one for which 
there is no solution. The rational options 
are to redesign, redevelop, regenerate, 
redo, rebuild, reorganize everything. 

Considered objectively, we know there’s 
no way to win this battle for the Earth. 
The oil companies, for example, have 
annual returns of over US$6 trillion. 
The International Energy Agency 
recommends the elimination of all oil 
and gas subsidies, but what politician 
could conceivably take this key step? In 

four most important parties and their 
positions, and then to hold several rounds 
of negotiations with teams of students 
representing each of the parties. The oil 
companies are the first key party. There 
are about 52 of them altogether, but we 
focused on the top 12. We asked, what 
would make them reduce oil production 
by 10% each year? Answer: if they could 
make just as much money and increase 
value for shareholders. One way to make 
more money selling less oil is to raise the 
price, but not necessarily by that much, 
because reducing the costly exploration 
and development of riskier, low-return 
plays would also increase profitability. 
The oil companies’ Achilles’ heel is that 
they’re corporations, so whatever makes 
more money, they must do. 

The International Energy Agency is 
the next key party. The IEA’s purpose is 
to avoid a repeat of the oil shocks of the 
1970s by ensuring cooperation between 
its 29 member countries. Would it help 
to manage the retreat? According to 
the IEA’s latest World Energy Outlook 
publication, not addressing climate 
change now with international collective 
action will cost four to five times more 
than the action itself. So it would accept 
the retreat — if it was announced at 
least 12 months in advance to enable 
all countries to adapt without causing 
demand destruction or recessionary 
pressures. The retreat would also require 
stable price mechanisms and policing 
to avoid black markets or excessive 
profit-taking, something the IEA has the 
capability to establish. 

The third key party is the Organization 
for Economic Cooperation and 
Development (OECD), whose goal is 
economic growth among its 36 member 
countries. Its secretary-general has 
stated that low-emissions transition 
must happen very quickly and that it 
cannot be achieved without positive 
feedback between governments and 
non-state actors. So would it help to 
develop policies and agreements for 
the oil production retreat? Yes: the 
economic stimulus from developing new 
technologies and services to achieve 
the transition would more than offset 
the negative aspects. The OECD is 
well-equipped to provide analysis and 

beneficial and profitable transition 
projects and to feedback into strategy 
development. Within 12 months, it could 
devise a basic framework for the retreat 
as the foundation for the CoOP1 meeting. 

Surprise! Our unlikely heroes are the 
CEOs of the 12 major oil companies. 
They could lead the production retreat 
— and because saving the world is more 
profitable than overheating it, their 
corporate objectives require that they do. 

The odds aren’t that bad: just 12 
people could save the world. But could 
we transition to a world that uses 
less oil? If we know we have to, it’s 
completely possible. We may not even 
need to do very much for the first year 
because waste, inefficiency and optional 
behaviours in personal transport account 
for as much as 30% of oil use. But we 
know that there’s going to be 10% less 
oil again the next year, and the next. 
That’s the catalyst we need: suddenly all 
of the viable conservation and efficiency 
projects in the “too hard” basket move 
to the top of the to-do list. We can 
recolonize our cities from cars. We 
can design and demonstrate no-travel 
conferences. Airline companies can 
transition-engineer reduced schedules. 
Single-use containers and disposables 
can be transition-engineered out of 
existence. Only about 15% of global oil 
consumption goes into food production, 
and we know we’re wasting nearly half 
of that food. So many uses of oil are just 
for our entertainment, but if there was a 

oversight to set a stable oil price and 
negotiate national policies and priorities.

The last key party is the United Nations. 
The UN Framework Convention on 
Climate Change (UNFCCC) collectively 
works to form agreements between 
197 member countries. The COP21 
agreement sets the target of limiting 
greenhouse gas emissions to keep global 
warming below 1.5ºC this century. Would 
it set up a new Coalition of Oil Producers 
(CoOP) to negotiate and manage the oil 
retreat? Yes it would, and it could. Most 
of the oil companies are affiliated with a 
country, and the UN is already practised 
at holding negotiations and setting up 
international expert panels. The initial 
10% retreat could be announced at the 
first CoOP meeting — let’s call it CoOP1 
— which would set a global oil price 
for a 12-month period. The UN could 
also establish an International Panel on 
Transition Engineering to collect and 
analyze data on adaptation measures. 

Of course, it could be hard for the oil 
company CEOs to agree to the retreat in 
the first place without sufficient financial 
and engineering analysis. As a pre-
emptive move, the Global Association 
for Transition Engineering, together with 
five of the world’s leading universities in 
this field, would set up an International 
Transition Innovation, Management and 
Engineering Research Collaboratory 
(InTIME RC) to support this work. It 
would rapidly train transition engineers 
in all disciplines, to research the most 

Let’s think of the energy transition as a mission to save the Earth.  
It’s an impossible situation, writes Susan Krumdieck, but drastic  

times call for unlikely heroes 

1 2  P E O P L E  W H O  C A N  
S A V E  T H E  W O R L D

market for people to have a good time 
without oil, somebody would fill it. 

How can the economy support all of 
this transition? The oil companies are 
the unlikely heroes again. As the oil price 
goes up, they will have money to spend. 
In the past, they have spent it on further 
exploration and development because 
oil was the most lucrative investment. 
But transport and trade, not oil, is the 
real foundation of the economy. So in the 
era of the oil retreat, why wouldn’t the oil 
majors get into the business of building 
trams, transit-oriented development 
and railroads? Their engineering, project 
management, procurement and planning 
capabilities are directly transferable 
to downshift projects. The transition 
economy may be about using less of 
everything, but it still creates good 
returns for investors because there are so 
many projects we need to do. 

The parameters of our mission are 
simple, obvious and doable, and failure 
to tackle climate change is not an option. 
The oil production retreat is impossible, 
but it’s what we’re going to do. I invite 
expressions of interest from any oil 
company that would like to help set up 
the InTIME RC. Today would be good.  

Susan Krumdieck is a professor at the 
University of Canterbury, New Zealand, 
director of its Advanced Energy and Material 
Systems Lab, and co-founder of the Global 
Association for Transition Engineering 
transitionengineering.org

P30
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1 
Any Martian settlement will 
need 3D-printed homes

Our team at Northwestern 
University is taking part in NASA’s 
3D-Printed Habitat Challenge, 
exploring additive construction 
technology to create housing for 
deep-space exploration, including 
its 2033 mission to Mars. If you’re 
going to Mars for any extended 
period of time, it doesn’t make 
sense to send all of your resources 
from Earth — the transport costs 
would be enormous. So you 
have to produce habitats and 
structures using what’s already 
there on the planet’s surface, 
through 3D-printing or another 
manufacturing process.

2 
Mars is the ultimate material 
efficiency challenge

We’re using a concrete based on 
sulfur. Sulfur is readily available on 
Mars, and it doesn’t need water. 
There is frozen water within the 
planet’s surface, but you’ll need 
that to live on, so we didn’t want 
to utilize such a precious resource 
as a building material. For testing, 
we’re mixing it 50/50 with a 
basalt-based simulant from the 
Mojave desert, which has an 80-
90% chemical match to Martian 
rock. Silica-sand sulfur concrete 
was explored in the 1970s and 
80s, but it’s notably stronger when 
using Martian-like soil. Our next 
step will be to perform a scanning 
electron microscope study so we 
can see why that is. 

3 
Building is quick — it’s the 
scavenging that’ll take time

Our system is extrusion-based, 
like plastic injection moulding. 
The sulfur and Martian soil are 
retrieved by robotic scavengers 
and combined in a screw that’s 
heated to above the melting point 
of sulfur — about 130-140ºC. Then 
it’s pushed out as a semi-solid 
concrete, similar to the consistency 
of toothpaste. As soon as it cools 
below melting point, you have a 
solidified structure that you can 
print on top of. For the NASA 
competition, teams have 30 
hours to print a 1:3 scale model. 
So multiplying that up, you could 
theoretically print a complete 
habitat in a couple of weeks on 
Mars, not factoring in dust storms 
or other real-world conditions. 

4
Astronauts need homes, not 
just protective shells

We’ve talked with many designers 
and even neurobiologists to figure 
out what should go into a Martian 
habitat. The NASA competition 
envisages four astronauts living 
for one year in what is essentially 
a 1,000ft2 apartment — a lot of 
people in a very small area. So the 
last thing you want is an overly 
scientific or sterile atmosphere. 
It needs to be appealing to the 
eye, with some of the colours, 
textures and comforts you’d find 
in a regular home. We could 
bring some collapsible furniture 
from Earth, but also 3D-print 
smaller objects using polyethylene 
recycled from the spacecraft, 
whether that’s drinking glasses or 
interior window panels.

5 
Marscrete could be a low-
carbon alternative on Earth

Everything that we’re putting into 
this material is found on Earth, 
so you could have sulfur-based, 
3D-printed structures here. Sulfur 
is a by-product of oil production, so 
you can get it for almost nothing. 
Marscrete is cheap, strong and 
has a much lower environmental 
impact than Portland cement-
based concretes. It doesn’t have all 
the benefits of regular concrete — 
it’s not fire resistant — but there are 
definitely potential applications.   
 
Matthew Troemner is part of the 
Martian 3Design research team at 
Northwestern University, Illinois 

# E X T R E M E H A B I T A T S  # 3 D P R I N T I N G  # L I F E O N M A R S

FIVE STEPS TO 3D-PRINTING A HOME ON MARS
The Red Planet has all the raw materials we need to create human settlements, says Matthew Troemner 

Urban loneliness is a huge problem, but it doesn’t 
necessarily need large-scale design solutions, write 

Yasmin Afshar and Michi McCloskey   

S T R A N G E R S  I N 
T H E  C I T Y

I n developed nations, social isolation 
is increasingly considered a public 

health epidemic. But when we are 
surrounded by more people, amenities 
and opportunities than ever before, 
most of us struggle to admit — let alone 
comprehend — these feelings. Mega-
trends such as urbanization, an ageing 
population, and greater connectivity (both 
physical and digital) have culminated in 
communities where people may live in 
close proximity to many others, but in 
which lifestyles are increasingly solitary. 
Humans crave interaction and belonging 
— yet the built environments we have 
created are clearly falling far short of 
fulfilling these needs.

From an urbanist’s point of view, we 
wondered how we could better design 
cities to promote social connections and 
engender communities where everyone 
feels they belong. So we turned to the 
abundant literature on why cities make 
us lonely. Whether the focus is the 
neuroscience of architecture or how 
urban design meets Maslow’s hierarchy 
of needs, we found the common theme 
to be that individuals are happiest when 
they can establish casual relationships 
with people they meet regularly within 
their day-to-day activities. But there’s a 
shortage of solutions that can be readily 
implemented. Most tend towards the 
idealistic or long term, some are only 
viable on a large scale, some call for 
nothing less than re-engineering the 
entire system. Making a community more 
accessible by transit, for example, would 
certainly offer many new opportunities 
for the residents. But it could take 20 
years to reap the benefits. How does that 
help people who are experiencing social 
isolation right now?

Our research left us feeling powerless. 
But then it occurred to us that there 
were a lot of examples of hands-on 
initiatives in our own community — the 
Greater Toronto Area — that were already 
making an impact. Could we learn from 
those? The common theme across all the 
instances we identified is the provision of 
places where friends and strangers alike 
can be together. 

Older adults are particularly vulnerable 
when it comes to urban loneliness, and 
spaces for them to interact meaningfully 
appeared limited. However, the Flower 
City Seniors Centre does a great job at 
filling this gap in the suburb of Brampton. 
This large recreational complex always 
seems to be busy. It draws from a large 
area, with a wide programme of events 
for Brampton’s multicultural community. 
There are pool tables, bocce ball, dance 
classes, areas where seniors sell their 
knitting. It feels like there’s a bar even 
though there’s not. And the best part 
is that although it targets a specific 
population, it brings together crowds 
across the ages. 

Millennials are a less obviously 
vulnerable group — we’re supposed 

# L O N E L I N E S S  # I N C L U S I V E S P A C E S  # T O R O N T O

to have loads of things going on. But 
what if that’s not enough? What kind of 
spaces could foster that community? 
401 Richmond feels like the equivalent of 
a community centre for this age group, 
but it’s a more exciting place to go. It’s a 
beautiful heritage building in downtown 
Toronto, at the intersection of the city’s 
fashion, business and entertainment 
districts. It’s a hub of activity for different 
entrepreneurs and artists, with a coffee 
shop, bookstore, gallery space and 
diverse events daily. There’s also a huge 
bulletin board which the community 
uses to post notices about events and 
opportunities. For those seeking to 
feel part of a large city, the beauty of 
this space lies in its multifunctionality 
and inclusivity. 

As community builders, our processes 
need to consider the creation of inclusive 
spaces from design to implementation. 
Once you develop a community, people 
take charge and keep it going. But they 
have to be able to participate in the first 
place. Design too often takes a one-size-
fits-all approach, rather than empowering 
individuals with diverse needs to 
participate in ways that work for them. 
A great example of a context-specific 
retrofit initiative is the Community Ramp 
Project, set up by Toronto’s StopGap 
Foundation to make the city’s storefronts 
accessible. Stores send in a photo of 
their entryway and the measurements, 
and the charity supplies a custom-made 
ramp in a bright colour of their choice. 
Since 2011, it has supplied more than 
1,000 highly visible ramps across Canada 
and the US. This is a very simple solution 
that can make a world of difference at an 
individual level. But it also serves to raise 
awareness of how the built environment 
can exclude people, and hopefully inspire 
others to consider how they could make 
communities more welcoming.

Another important step is to provide 
opportunities for purposeful community 
engagement during the planning and 
design stages. This is an explicit goal of 
the 60-acre East Harbour redevelopment 
in Toronto, which has chosen to follow 
the EcoDistricts protocol. This includes 
many opportunities for local people to 
help shape their neighbourhood. For 
example, at a pop-up open house, visitors 
engaged in meaningful discussion about 
indicators developed through workshops 
with technical agencies and voted on 
their preferred objectives for the future 
community. 

The loneliness epidemic may seem 
nebulous and intractable, but as with 
many other urban challenges, there are 
solutions to be found right in front of us. 
And often, the solutions may not come 
from urban designers at all, but from the 
communities we serve.   

Yasmin Afshar is a planner/urban designer 
and Michi McCloskey is a project planner at 
WSP in Toronto
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“People used to worry about wiretaps, but now we call them 
‘virtual assistants’ and install them in our homes”

S mart buildings scare people. Why 
wouldn’t they? They’re expensive, 

complicated and packed full of new 
technologies that the average built 
environment person hasn’t encountered 
before — technologies for which there 
are no standards and few precedents. 
They’re a step into the unknown, into 
a world of cybersecurity risks where 
the boiler can help itself to files from 
company servers or the internet-
enabled fish tank can bring down the 
whole network. They make traditional 
processes redundant and demand new 
approaches to everything from design 
to asset management and maintenance. 
On one hand, they threaten to swamp us 
in data. On the other, they bring a level 
of transparency and accountability that 
some find uncomfortable. With smart 
buildings, there are many ways to fail. 

when actually it can be a thousand 
little disasters that don’t make much 
impact on the business fiscally or on the 
operational side, but which all get you to 
the place where you want to be. 

Arguably the biggest reason why smart 
buildings fail is because they scare the 
people who are supposed to occupy 
them. Technology vendors will tell you 
that their sensors can make toast and 
predict the future. But no matter how 
advanced the technology, if it alienates 
the people using the building, it won’t 
achieve what it was intended to. On 
one early project I was involved in, the 
building was supposed to work with an 
app on the occupants’ mobile phones. 
Unfortunately the app drained people’s 
batteries because it was constantly 
pinging out their location over Bluetooth, 
and they felt uncomfortable that their 

But that’s not necessarily a bad thing. 
Thirty years ago, innovation in the built 
environment was limited. You’d know 
how to solve the problem and you’d 
have to do it that way or you’d fail. With 
a smart building, everything you do is 
innovation — not in the sense of inventing 
the wheel, but making the wheel a little 
bit better, making it go for one spoke 
longer before you have to put more effort 
in. The construction sector typically takes 
a rigid, waterfall approach to project 
management, but in the digital world, 
it’s much more fluid. The Agile working 
methodology is about doing things 
in sprints in really small releases that 
aren’t strictly in order, which gives you 
more opportunity to test things to see 
if they work before rolling them out. In 
the construction sector, people tend to 
see failure as a single, massive disaster, 

employer wanted part of their phone. No 
one used it, so it was a failure. Even after 
it was updated and the problem fixed, it 
was still a rubbish app in people’s minds. 

In hindsight, we should have done more 
user testing before going ahead with that 
part of the project. It’s not a mistake I’ll 
make again, but I find that clients often 
miss the value of this kind of exercise 
because they think they’re just buying 
some gadgets. Projects fail most easily 
when people don’t really understand the 
business value of technology. The most 
successful ones are often led by human 
resources departments, because they 
have a people agenda and they don’t care 
how it’s achieved, whether through digital 
or physical means or a blend of the two.

It’s a question of trust. People have 
become very mistrusting of large 
corporates when they want to collect 

data. Even though employers may be 
completely within their rights, there is 
something a bit creepy about it. If we’re 
going to introduce location services, how 
do we make people feel comfortable that 
they’re not being watched on the loo? 
Or that if their boss can’t find them on 
the office map for a certain amount of 
time, that won’t be billed back to them? 
How are employees protected from the 
potential uses of smart buildings?

Often project teams start out with the 
best of intentions to develop services that 
people want to use, but things go awry 
in the execution: they end up being a bit 
weird. Take Google Maps. It’s a good 
idea — a map that repositions to where 
you are, that gives you a lot of information 
that’s not usually on a map. But the 
creepy aspect is that Google now has a 
record of everywhere we’ve ever been. 

Keeping up with this is not a buildings 
problem or a technology problem, it’s a 
cultural problem. The question I like to 
ask is: what’s the difference between 
cool and creepy in this context. The way 
to answer it is to invest in some proper 
design time. With design thinking 
methodologies, the idea is that you don’t 
care about the technology or how you’re 
going to achieve something, you don’t 
even care about the problem, you focus 
on the outcome and you always have the 
user in mind. It might sound “like, duh” 
but it’s rarely the case in practice. You 
can’t just sprinkle some “smart” on to the 

Are we cool with that? 
One problem is that what’s cool in one 

place can be creepy in another. China’s 
social credit score system seems very 
creepy to people in the West, but it’s 
widely accepted there. Attitudes change 
over time too. Things that we used to 
think were creepy can become cool — 
people used to worry about wiretaps, but 
now we call them “virtual assistants” and 
install them in our homes. What seemed 
cool can suddenly become creepy — like 
Facebook, since the Cambridge Analytica 
scandal revealed how poorly it protects 
members’ personal data. 

Don’t get hung up on the gadgetry, writes Matthew Marson.  
Smart is about the ends, not the means

S M A R T  U N P L U G G E D

later stages of a project to give it some 
kerb appeal. You have to properly look at 
how a place is going to operate and how 
people are going to interact with it. What 
kind of experience do you want them to 
have? What will the users say about it on 
social media, what’s the Tripadvisor score 
and why? Just saying you want a “smart 
technology strategy” without defining 
what you mean by “smart” is like saying 
“build me a road” without saying where 
from or to.

Don’t get hung up on the technology 
component of smart, it’s the least 
interesting bit. You can do anything you 
like with technology — if you’ve done it 
properly, to paraphrase Arthur C Clarke, it 
should be indistinguishable from magic.   

Matthew Marson is head of smart buildings 
at WSP in London
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1 
Roofs are an increasingly 
valuable urban space

When you fly over a city, you see 
a lot of empty roofs that could be 
used more productively. Roofs 
offer one answer to many of the 
challenges that growing cities 
face: diminishing biodiversity, 
increased competition for land, 
greater demand for energy, and 
the effects of climate change 
such as higher temperatures, 
extreme rainfall and drought. This 
is something we need to deal 
with in the urban landscape, of 
which roofs constitute a great, yet 
overlooked, part. 

.

2 
The roofs of the future will  
be multifaceted

We need to deal with our 
roofscape holistically. We’ve been 
looking at three different ways to 
use roofs: green roofs, energy-
producing roofs with solar panels, 
and roofs that could be used for 
social or commercial purposes, 
such as recreation or farming. 
Green roofs provide valuable green 
infrastructure in a city, to support 
biodiversity, help to regulate 
temperatures and attenuate 
heavier rainfall. Roofs used for 
socializing or recreation can add 
value to properties and generate 
income. Cities consume the most 
energy, so if we can generate it 
locally, there will be less pressure 
on power distribution systems.  

3 
We need to build a knowledge 
bank of roofs

WSP has already created a  
GIS-based tool, the Solkartan 
(sunmap), to show the potential 
electricity that could be generated 
for almost every roof in Stockholm. 
Now we’re planning to expand the 
tool to support multi-use roofs, 
adding data such as proximity to 
other green spaces or social areas, 
the age and construction of the 
building, the angle of the roof, local 
regulations. So you could click on 
a roof and see it has this much 
potential for green space, this 
much for energy generation, and 
that 25% of the area could be used 
for a meeting place.

4
Solar roofs can be green roofs 
(and cafes) too

Combining different functions 
increases the value of roofs 
further, which should interest 
most property developers. Solar 
panels work more efficiently on 
green roofs because the planting 
lowers the roof temperature, 
while the panels offer a more 
varied habitat for flora and fauna. 
Some species thrive under the 
shadow of the solar panels, while 
some prefer direct sunlight. 
Green roofs combined with social 
and commercial uses are good 
for recreational purposes, and 
also offer more attractive views, 
increasing property values and 
wellbeing. People are more likely 
to visit a roof that has greenery on 
it than one that doesn’t. 

5 
Cities need to create a vision 
for their whole roofscape

Coordinating these functions 
across a city optimizes their 
potential. For that, you need to 
have the whole picture. You might 
see that one area of buildings is 
dividing two nature reserves, so 
you could install green roofs with 
a high ecological value to create 
a corridor for pollinators. If we did 
this analysis at a regional or city 
level, municipalities could then 
set a strategy for a whole roof 
landscape and use it to meet their 
sustainability goals.   
 
Freija Carlstén is a landscape 
architect and Emmelie Nilsson is  
an environmental strategist at  
WSP in Stockholm

# R O O F S C A P E S  # U R B A N D E N S I T Y  # R E N E W A B L E E N E R G Y

FIVE THOUGHTS ON THE FIFTH FACADE
Solutions to many of our urban problems can be found up on the roof, say Freija Carlstén and Emmelie Nilsson 

# M I G R A T I O N  # T A L E N T C L U S T E R S

The Possible: Why did you decide to 
write this book now? 
Bill Kerr: I’ve been working on the 
topic of talent migration for about two 
decades. Over time, the role of global 
talent has increased dramatically and 
some of the challenges faced by the US 
and other countries have also grown. The 
book was written to draw attention to 
those factors — unfortunately, the topic 
has become ever more pertinent now 
with the recent backlash against global 
integration. 

TP: In a nutshell, how important is 
talent migration and why?
BK: Very important! Global talent 
has been a central driver for all of our 
economies and businesses and has 
many societal implications. One of the 
areas that it’s easiest to put into numbers 
is innovation. If you look at the US in 
1975, about one in every 12 patents was 

TP: How can countries balance public 
opinion on controlling immigration 
with the danger that companies will 
relocate if they can’t bring in talent?
BK: I’d hope that we could find ourselves 
in a place where it’s not one or the other. 
This is not a book that advocates open 
borders. Only environments where people 
feel comfortable with how immigration is 
happening can really support the higher 
levels that businesses want and need. 
Once you get the immigration system 
operating in a way that really benefits 
people broadly, businesses will be able to 
get the talent they want. As one example, 
Australia is probably the most immigrant-
heavy country among OECD-type 
economies and yet it controls its borders 
quite strictly. 

          
TP: How will change as a result of 
automation and the fourth industrial 
revolution play into this?

created by an immigrant. Now that 
number is about one in 3.5. There has 
been particularly strong growth in more 
advanced sectors like heavy ICT or 
biotech, but also in traditional sectors like 
agriculture and mechanics. Immigrants 
are more likely to become entrepreneurs 
than natives in many countries around 
the world, and these forces help to 
propel economies forward, open up 
new businesses and create jobs. That’s 
something that touches on all of our lives. 

The book also seeks to show where 
people can get hurt by global talent, 
whether it’s older tech workers trying 
to maintain their employment or the 
increasing inequality in our leading 
talent clusters. I argue that it is the “gift” 
of global talent, so I clearly believe, in 
the end, that it’s something we should 
cherish and celebrate, but I think we 
could do more to make sure that it’s 
shared more broadly.  

BK: As technology evolves and many 
advanced economies, as well as 
China, experience ageing workforces, 
governments are going to be much 
more aggressive about bringing foreign 
talent into their countries. This is just 
getting started. Despite nationalism and 
populism and some of the backlash over 
programmes that are seeking to bring 
in foreign talent, we are starting to see 
ever more competition. People are saying, 
“Well, China has this programme, we 
should have this type of programme”.

          
TP: You make a number of policy 
recommendations about the 
immigration system at national level. 
What could cities or organizations 
do in the meantime to harness the 
benefits of global talent and retain this 
competitive advantage?
BK: Let’s begin with cities or regions. 
Migration is, for the most part, a 

Harvard professor Bill Kerr argues that global talent migration is a ‘gift’ that helps 
societies to flourish. But cities need to get over the idea of being the next Silicon Valley 

and make the system work for everyone

W O R L D  I N  M O T I O N
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TP: As clusters become more 
powerful, is the logical conclusion that 
talent and innovation will concentrate 
in just a few locations and others will 
become, effectively, deserts? 
BK: Over the last 40 years there has been 
a process for ever greater concentration 
of innovative activity. There is some brake 
to that process: these places become 
hyper-expensive and there are limits 
to how much people want to live in 
bigger cities or more exclusive locations. 
Universities are always going to play an 
important role — they have a greater 
spatial distribution and are rather fixed 
in their locations. But I think that in ten 
years, we’ll be even more concentrated 
than we are now. So that is a concern. 

Immigration can play a role in this. 
Some countries, like Canada, have 
regional visas, so a migrant has to work 
in a certain location for a period of time 
until they gain mobility rights. What you 
typically see, of course, is that once they 
have established their mobility, they 
migrate towards one of the leading cities 
for talent, but it helps spread innovation 
back out, at least for a while. 

Then there are a number of efforts to 
push R&D-related work out into regional 
areas. In the US, this was highlighted 
with the Amazon HQ2 selection 
process. Amazon ultimately selected 
Washington DC and New York, two 
places doing just fine already. Amazon 
later ended its connect to New York, 
but the fact that it chose a city that was 
already in that upper echelon was a 
wake-up call that this is not a process 
that naturally corrects itself.   

TP: How can places that aren’t 
currently a talent cluster develop from 
scratch and share these benefits?
BK: You have to begin with some 
recognition of your size and what you’re 
aspiring to. No matter what you do at the 

national policy. But the way that people 
experience migration varies at the local 
level. Places differ dramatically in terms 
of how open they are to foreign talent. If 
a city leader is welcoming, that’s going to 
carry a strong message, just like if they 
are hostile in their rhetoric, it’s going to 
cast a big shadow over attracting talent. 

The second part is, once somebody 
has made their way, are you able to keep 
them? Are they able to continue in your 
city or your region and prosper? That 
becomes a beacon to attract additional 
migration into your area. What can you 
do to build networks that extend to the 
places where people came from? 

Companies have to think about 
several things. The first part is, whatever 
country you are in, you have to navigate 
the immigration system. That’s not 
something that comes naturally to all 
firms. If you are a Siemens or a Ford, 
you’ve already figured it out, but if you’re 
not one of those very large companies, it’s 
difficult to learn. But it’s a skill that you 
need in order to access the best talent. 
If it continues that migration systems 
become more difficult for businesses to 
navigate, then those that understand the 
rules will have an advantage. 

Going beyond the system itself, it’s 
helpful to appreciate that global talent 
is not uniformly distributed in terms 
of where they want to live. It will be 
ever more concentrated in very vibrant 
clusters. You can certainly hire foreign 
talent into remote regions, but if you 
really want to participate, it’s important 
to be part of the leading centres where 
global talent wants to live. It’s important 
for domestic talent as well — in many 
countries, we’re seeing a movement of 
young talented people towards cities and 
a reshaping of business — but for global 
talent the trend is accentuated. 

Beyond that, there’s an old saying: “A 
wise rabbit has three holes”. Increasingly 
you’re going to see companies distribute 
facilities across multiple countries, as a 
way of accessing talent in many different 
places and also as a hedge against 
the policies of any one government — 
something that will help balance out 
where you’re accessing talent from and 
the types of voices you’re hearing.   

local level, you cannot make every rural 
place into the next Silicon Valley. You 
have to recognize that the concentration 
process creates a few unique places that 
are very important for a particular type 
of work, be it New York or London in 
finance or Berlin in the tech community. 

Part of the benefit is that there are only 
a few of these places. You can’t expect 
that this will touch every place, but you 
can think what unique attributes you 
have that you could build upon. What are 
the special local traits? What does the 
university produce in terms of leading 
technologies or ideas? You can look at 
how well connected you are to nearby 
clusters and what can you do to be a part 
of that broader ecosystem. 

          
TP: How can existing talent clusters 
be managed sustainably, so they’re 
not hampered by their own success? 
In the book, you say real estate is a key 
barrier — is that always inevitable?
BK: I’m going to start with the broader 
mandate. Talent clusters and the firms 
that are working in them need to be 
thinking much more about how they’re 
shaping a better world for everybody. 
It’s not hard to recognize that while the 
economic side of talent clusters may be 
sustainable, the political side has become 
unsustainable and that is going to require 
some deep attention. 

Real estate is a challenging question. 
In the talent clusters, you can experience 
ever-rising demand, and it’s not 
surprising that people want to be a 
part of that environment. On the supply 
side, there are a lot of constraints on 
the overall building supply — take San 
Francisco and the Bay Area, where 
there’s a lot of water, a lot of mountains, 
a protected area — but people may 
artificially restrict the land supply even 
further, especially as the prices are going 
up. If you’re an existing homeowner or 

landlord, and the building capacity is 
increased quite extensively, that’s going 
to reduce the value of your property. Then 
you’ve got extra complications as people 
get wealthier — in talent clusters there 
are often people with extreme wealth 
who can buy up properties and create 
very substantial mega-homes so there’s 
less for other people. In the US, we’re 
starting to see presidential candidates 
making statements about correcting 
housing supply issues. I think we’re going 
to see more of those conversations in the 
next two years. 

          
TP: How can cities and businesses 
win over the wider population and 
convince them of the benefits of global 
talent? How can they ensure that 
those benefits do spread out?
BK: I don’t know exactly how we’re 
going to pull this off, but the anti-
immigrant rhetoric has got to stop. 
It is just so unhelpful and it causes 
such misunderstanding. If you look at 
Republican, Democrat, young, old, rich, 
poor, you’ll always find the majority 
of people in the US are supportive of 
expanding skilled migration. It doesn’t 
matter how you cut the slices: 57% of 
Trump voters are supportive of skilled 
migration. It’s clearly not working for us 
to yell about reforming all of the system 
at once — there’s too much at stake 
and we’re not making any headway. 
If we could somehow take the skilled 
migration part and get a quick victory, 
make it a better system so people inside 
and outside the talent clusters benefit, 
then that would be a good step forward. 
I don’t think there’s a magic way of 
framing the issue that will solve it, but if 
we could start with places that we agree 
upon and make some progress, then the 
other places will, hopefully, just become 
easier to talk about.  

Bill Kerr is a professor at Harvard Business 
School and co-director of the school’s 
Managing the Future of Work initiative. His 
book, The Gift of Global Talent: How Migration 
Shapes Business, Economy & Society, is 
published by Stanford University Press 
hbs.edu/managing-the-future-of-work/
research/Pages/global-talent.aspx

“Global talent is not uniformly distributed. It will be ever more 
concentrated in very vibrant clusters. If companies really want 
to participate, it’s important to be part of the leading centres” 
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Can we afford to make space for nature in 
our ever more crowded cities? Faced with 

overheating, flooding, pollution and the threat of 
total ecosystem collapse, can we afford not to?

WORDS BY JOEY GARDINER

B ringing nature into cities is hardly  
a new idea. In fact, it has swung 

in and out of vogue for more than a 
century, ever since Victorian social 
reformer Ebenezer Howard published 
what became the Garden Cities of   
To-morrow manifesto in 1898. Prompted 
by the squalid, polluted and dangerous 
environment faced by Victorian city 
dwellers and their growing alienation 
from the natural world, Howard’s idea 
was simple: to create places that brought 
together the best of urban and rural — 
homes surrounded by nature, but close to 
work and shops.

Despite all of the improvements since 
Victorian times, we still face challenges 
not that different from those that Howard 
was seeking to overcome. But now the 
stakes, in terms of mankind’s survival on 
the planet, are significantly raised. 

On the one hand, a compelling body 
of evidence suggests that cities remain 
dangerous places for people to live. 
The World Health Organization (WHO) 
estimates that, worldwide, 7 million 
people die each year from the effects of 
air pollution, with nine out of ten of us 
breathing air that breaches safe limits. 
The US government says excessive 
urban heat kills more people each year 
than all other weather-related disasters. 
Meanwhile, cities’ untold expanses of 
asphalt make them liable to floods that 
threaten lives and damage property, 
overwhelming water treatment facilities 
and sending raw pollution into rivers. 
As Pascal Mittermaier, global cities 
managing director at conservation charity 
The Nature Conservancy (TNC), says: 
“Many cities are becoming really toxic, 
dangerous and even deadly places to live.”

At the same time, and as a direct 
consequence of man’s activity,  
nature is being wiped out at a 
frightening and unprecedented rate. A
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The scientific consensus is that habitat 
loss, man-made chemicals and climate 
change are together triggering a mass 
extinction event as severe as anything 
since the demise of the dinosaurs. 
One recent global study of insects — 
essential for the proper functioning of 
all ecosystems — found populations to 
be collapsing at a rate that could see 
most species wiped out by the end of the 
century, with 40% already under threat.

In response to both of these challenges, 
a broad movement has emerged that, like 
Howard, is dedicated to bringing nature 
back to the places where most people 
live. Going by tags including ecological 
urbanism and biophilic urbanism, 
practitioners say greening cities can 
make them cooler, cleaner, healthier and 
more inspiring places, while helping 
to redress the collapse in biodiversity. 
Architects, landscape architects, 
engineers and ecologists inspired by this 
idea are working to deliver it in practice. 
But, with urban space at a premium, 

public and private clients need to be 
persuaded that there’s something in it 
for them. And questions remain over 
whether the perceived tensions between 
economic drivers, human needs and the 
natural world can ever be neatly resolved.

A diversity of benefits

The claims made in favour of greening 
cities are wide-ranging and backed by 
scientific evidence (see table, overleaf). 
The right kind of greenery can stop urban 
flooding by storing water; significantly 
reduce air pollution by filtering out 
harmful particulates; and cool cities, 
thereby reducing deaths during 
heatwaves. If that weren’t enough, green 
urbanists also claim psychological and 
social benefits such as reductions in 
stress and the promotion of community, 
as well as the economic boost of rising 
property prices and letting rates. 

And that’s before the benefits to the 
natural world itself. Bill Reed, principal 

Above Stefano 
Boeri’s Bosco 
Verticale in Milan.  
The two towers  
are cloaked in a  
green envelope of 
over 20,000 trees  
and plants

Right Juvelen (“The 
Jewel”) in Uppsala 
by Utopia Architects. 
The office building is 
intended to be one of 
the most sustainable 
in Sweden and 
includes extensive 
landscaping by WSP

at consultant Regenesis and one of the 
most “deep green” urban practitioners, 
argues that by connecting people with 
nature and with our role in supporting  
the evolutionary health of natural 
systems, he “helps people fall in love  
with life”. Such is the enthusiasm,  
it’s tempting to wonder what urban 
greening can’t achieve.

Much of the rationale stems from the 
concept of “ecosystem services”. The 
idea behind this ecologists’ jargon is an 
important one: that nature provides a 
huge range of services to people — from 
provision of food and raw materials, 
to cleaning air and water, to bringing 
beauty and joy — that have a value, 
even a calculable monetary one. Hence, 
according to the Natural Capital Forum, 
street trees in California provide a flood 
and “atmospheric regulation” service to 
the US state worth US$1bn a year, while 
Mexico’s mangrove forests are worth 
US$70bn a year in storm protection, 
fishery support and tourism. 

The services provided are endless.  
A Swedish study, for example, found 
that Eurasian Jays provide a US$10,000 
per hectare oak tree planting service to 
forestry managers, simply by burying and 
subsequently forgetting about acorns. 
Globally, the value of services provided 
has been estimated at more than 
US$100tn, twice global GDP.

Considered in this way, it’s clear that 
many cities are now in dire need of 
these services. TNC’s Mittermaier says: 
“The way we’ve designed cities, they’re 
reaching breaking point. Nature can 
contribute to making them more resilient 
and healthier places.” Increasingly, city 
leaders are turning to nature to solve 
problems — in Philadelphia, for example, 
more than 400 separate pieces of green 
infrastructure have been laid down as 
part of a multibillion-dollar effort to 
manage run-off during heavy rainfall. 
A similar approach has been taken in 
Copenhagen, where parks and gardens 
are used for passive water storage. 

“We need to move beyond 
nature as decoration, to an 
understanding that living 
systems have an integral  
role to play in our health”  
Bill Reed, Regenesis

Perhaps the most striking 
— and influential — attempt 
at biophilic architecture has 
been the Bosco Verticale 
in Milan by Stefano Boeri 
Architects. It is also one of 
the most controversial. 

The development 
consists of two towers of 
27 and 18 storeys, clad in 
700 trees, 5,000 shrubs and 
more than 15,000 smaller 
plants. The architect claims 
the luxury towers are a 
“model for a sustainable 
residential building”, sucking 
up 30 tonnes of carbon 
dioxide and delivering 
20,000kg of oxygen each 
year, while providing a home 
for an estimated 1,600 bird 
and butterfly species. 

Boeri describes the 
development as contributing 

“to the regeneration of 
the environment and 
urban biodiversity without 
expanding the territory of 
the city”. But some have 
questioned whether the 
exclusive towers, which 
require nearly 7,000m3 
of water irrigation every 
year and demand a high 
service charge, contribute 
much to the city as a whole 
and are easily repeatable. 
“The examples built so far 
use a mix of rainfall and 
mains water, which is not 
sustainable under climate 
change predictions,” says 
WSP’s Tom Butterworth. 

The other problem is 
one of social equity. These 
developments require a 
disproportionate share of 
the local water supply, and 

the green spaces are only 
accessible to those who 
can afford the apartments. 
“This means that we would 
be creating green places 
for the rich while removing 
the chance of green space 
for those in the surrounding 
area. We could argue that 
looking at the building from 
the surrounding area is 
good for you, but that is still 
not the same as accessing 
the green space. There is a 
significant risk that the rich 
will get the green spaces 
and all the health benefits 
that come along with 
them, and that the divide 
between rich and poor will 
widen. This is simply not 
acceptable and we should 
not be designing something 
that increases this divide.”

HIGH CLIMBER
Is Milan’s Bosco Verticale really a model for sustainable city living?
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Matthew Jessop, technical director for 
landscape and urban design at WSP, 
says it is working on projects from Los 
Angeles to Longbridge in the UK to re-
wild culverted rivers. Emelie Arnoldsson, 
creative director at WSP in Sweden, 
which has recently integrated an 
ambitious landscaping scheme into the 
Juvelen office project in Uppsala, says the 
benefit in terms of tackling stormwater 
is often “the easiest way to sell bringing 
nature in” to prospective clients. 

But flood risk is not the only driver. A 
string of cities from Portland, Oregon to 
Singapore have now declared themselves 
to be “Biophilic Cities”, harnessing nature 
to make residents happier, healthier and 
wealthier. In Singapore, developers must 
replace 100% of any green cover lost 

elsewhere in the development, resulting 
in the widespread conversion of roofs 
to gardens in the sky. The movement is 
supported by those concerned about 
the mental health consequences of city 
dwellers’ ever-diminishing connection 
with nature, famously characterized by 
author Richard Louv as nature-deficit 
disorder. Tim Beatley, a University of 
Virginia academic and founder of the 
Biophilic Cities movement, says greening 
urban environments can provide the 
natural context “essential for leading a 
happy and sustaining life”.

Selling nature

“The evidence is that the cost-benefits 
of all this are really strong,” says Tom 

Evidence

Numerous studies suggest that infrastructure such as sustainable drainage systems, parks and swales can significantly 
reduce water run-off rates, making floods less severe and protecting water treatment facilities. A 2013 study 
commissioned by the UK government suggested that a 10% increase in tree cover reduces run-off by nearly 6%. Studies in 
the US have calculated the flood prevention “service” provided by green spaces saves public authorities millions of dollars 
a year. There is also evidence to suggest soil and plants filter pollutants out of water. Persuaded by the evidence, in 2011 
Philadelphia embarked on a 25-year US$2.4bn strategy to create a city-wide network of storm-water infrastructure such 
as street trees and parklets. Five years in, it estimated this was already reducing run-off by 1.5 billion gallons annually. 

A 2018 report for the UK government estimated that the country’s vegetation removes 1,354 kilotonnes of air 
pollutants annually; a 2006 study from the US credited its urban trees with the annual removal of 711,000 tonnes. 
Other studies have shown that green roofs can remove significant volumes of particulates. The WHO estimates that 
one in every 40 deaths in developed countries is due to air pollution. In Kentucky, researchers are attempting to make 
explicit the link between greening and health with the Green Heart Louisville programme, run by the city’s medical 
school, to plant 8,000 trees and measure the effect on inhabitants. “It’s the biggest ever medical trial where nature is 
the pharmaceutical,” says Pascal Mittermaier at project partner TNC. For more on urban air pollution, turn to P54.

The “urban heat island” effect can raise the night-time temperature in large cities by up to 9ºC. Overheating has been 
blamed for excess deaths, with a recent study suggesting climate change will result in a five-fold increase in heat-related 
deaths in Australia by the 2030s. Trees transpire water, with a 1999 study suggesting a large tree can take out 1000 mega 
joules of heat energy each day. This effect is heightened by the shade trees provide: a 2010 study found that urban parks 
were on average 1ºC cooler than their surroundings. A 2007 study in Manchester, UK, found a 10% increase in tree cover 
could reduce climate change-driven temperature increases by nearly 4ºC.

Urban greenery is claimed to have a wide range of psychological benefits. A UK government-commissioned report 
concluded in 2013 there was “strong evidence from a large number of high-quality studies spanning several years” 
that green space alleviates stress, fatigue and other mental health issues, delivering positive effects on mood, 
concentration and self-discipline, with more marked effects in urban areas. A study referenced in Tim Beatley’s book 
Biophilic Cities has found that people immersed in nature even behave more generously.

The most obvious economic benefit is the impact on property prices of proximity to green space. Various studies 
summarized in a 2008 piece of research identified a price premium of up to 19%, with most suggesting between 5-10%. 
(New York’s High Line park is estimated to have delivered a US$4bn boost to nearby real estate.) Studies suggest that 
offices and shops overlooking green space are let more quickly, and with lower tenant turnover. Green spaces also play a 
part in making cities more attractive, thereby helping bring in visitors and investment. In addition, a huge range of indirect 
economic benefits are claimed from ecological “services”, from reducing noise pollution to controlling pests.

Evidence suggests that cities, far from being ecological deserts, are capable of supporting a rich array of wildlife, 
given the right conditions. A study by Bristol University in the UK, for example, found little statistical difference in 
the diversity and abundance of bee species in cities compared to nature reserves. A 30-year UK study by zoologist 
Jennifer Owen of her own garden, meanwhile, found more than 2,500 plant and animal species — one in 10 of all UK 
species. Academic Menno Schilthuizen highlighted, in his 2018 book Darwin Comes to Town, how plant and animal 
species are already exhibiting successful evolutionary adaptations to life in cities — with bird songs, for example, 
becoming higher pitched to overcome city noise. A study on urban biodiversity by a group of landscape academics in 
2013, “Patterns and Trends in Urban Biodiversity and Landscape Design”, found that cities are “novel places teaming 
with unique plant and animal communities” which can play “an essential role” in stemming biodiversity losses.

Greening cities: what’s the point?

REDUCES FLOODING AND  
IMPROVES WATER QUALITY

REDUCES AIR POLLUTION

REDUCES URBAN HEAT

IMPROVES MENTAL HEALTH

BOOSTS THE LOCAL ECONOMY

SUPPORTS BIODIVERSITY

Claim

Left Singapore 
has been part of 
the Biophilic Cities 
movement since 
2013. Even though the 
city’s population rose 
by 2 million between 
1986 and 2007, the 
island’s green area 
actually increased as 
well, from 36% to 47%

Below Singapore’s 
Biophilic Town 
Framework was first 
implemented in the 
new Punggol district, 
where biodiversity has 
been boosted by 20% 
along a 4.2km-long 
artificial waterway 
with a modular 
system of floating 
wetlands
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Butterworth, technical director for 
biodiversity at WSP in the UK, where 
the government is proposing that all 
development must deliver a “biodiversity 
net gain”. And yet investing in green 
infrastructure is far from being the 
norm. The problem for developers, says 
Butterworth, is that not all of these 
benefits come back to them. “Yes, good 
infrastructure might raise prices a bit, but 
it’s unlikely to cover the cost of putting in 
the infrastructure, while the health and 
wellbeing benefits will play out for the 
residents over the long term.” It’s not just 
private developers who face this problem 
— in a period of constrained spending in 
many countries, public funders may also 
require direct returns from investments. 

This tension is amplified in high-value 
urban environments, where there is huge 
pressure to make a site as economically 
productive as possible. In prime central 
London, for example, residential space 

can sell for up to £3,000 per ft2, which 
makes it extremely difficult to make 
green infrastructure pay. As Yun Hye 
Hwang, assistant professor of landscape 
architecture at the National University 
in high-density Singapore, puts it: “In 
a compact city, there is just less land 
available for nature such as woodlands 
and other forms of unmanaged greenery. 
The scarcity of land is a big challenge for 
landscape planners.” 

There are, however, ways around 
this conundrum. One of Butterworth’s 
colleagues, Jenny Merriman, natural 
capital lead at WSP in the UK, has 
been collating evidence of the direct 
financial benefits to developers of green 
infrastructure, defined as a strategic 
network of environmental features 
delivering a wide range of ecosystem 
services. The work is at an early stage, 
but Merriman says it’s already clear 
the advantages go beyond small sales 

premiums. “The evidence suggests there 
are real cost savings to business. For 
example, better incorporation of nature’s 
value at the design stage means projects 
can navigate the planning process more 
efficiently, which has a huge knock-on in 
terms of time and resource.”

Meanwhile, Clare Warburton, principal 
green infrastructure adviser at UK 
government agency Natural England, is 
exploring ways to measure the “invisible” 
benefits of green infrastructure. She is 
leading the development of a tool, called 
the Eco-metric, designed to robustly 
compare provision of ecosystem services, 
as part of a coalition including Oxford 
University and WSP (see box, opposite). 
“There’s been a huge amount of interest 
in testing this tool, because of the way it 
allows you to capture the wider benefits 
your development will provide,” she says. 
And that means it can help to build the 
business case: “You can demonstrate 

and describe the wider benefits that 
investment in nature delivers for people 
and places, as well as for wildlife.” 

Even if it is possible to persuade 
developers of the benefits of green 
infrastructure, there may be more subtle 
tensions at play that undermine the aims 
of ecological urbanism. For example, care 
must be taken that this agenda doesn’t 
become the pretext for creating yet 
more car-based suburban developments 
(ironically inspired by Howard’s Garden 
Cities), which grant residents big green 
spaces and generous gardens, but fail on 
climate change grounds. 

Strong evidence suggests that, if 
greenhouse gas emissions are to be 
reduced, cities need to be compact 
enough to be walkable and support 
public transport. Biophilic Cities’ Beatley 
says any desire to bring in nature mustn’t 
compromise overall development density. 
“Compactness remains a starting 

point. Sprawl is a major destructive 
force. Part of a biophilic city is about its 
ecological footprint. If you’ve got a large 
consumptive footprint that is destroying 
nature, the city is not biophilic.”

What works

The pressure to make every inch pay 
means prioritizing green infrastructure 
that can deliver multiple benefits from a 
single intervention, using the economic 
benefit as “a Trojan horse for doing lots 
of other great things”, as WSP landscape 
architect Jessop puts it. For example, 
a piece of flood water management 
infrastructure can also be a park, as well 
as improving air quality. 

The trouble is that, as Butterworth 
points out, “combining these things is 
not something engineers are trained to 
do”. Experts say that doing this properly 

means bringing the landscape architect 
and ecologist in as the project is being 
conceived, rather than simply to fill in the 
leftover spaces. They must work with 
other disciplines to consider not just 
what green space will look like, but also 
— in an engineering and an ecosystem 
sense — what it will do. 

Danish architect SLA, a pioneer of 
“wild” landscaping on various European 
developments, counts anthropologists, 
sociologists and biologists among its 
staff. “The reason to bring nature in is 
because it is beautiful, it is an amenity 
for people,” says partner Rasmus 
Astrup. “It’s the pleasure you get when 
you walk around in it. But it also has a 
performative value, it solves challenges, 
be it stormwater or extreme heat.”

With both biodiversity and a desire to 
minimize maintenance costs in mind, 
landscaping in cities is taking a new 

form: less manicured and much less 
dependent upon planting imported 
species unsuited to local conditions. 
The idea is that this fosters ecosystems 
that can sustain themselves to develop 
naturally, rather than environments that 
require constant intervention. 

This is a long way from the common 
conception of a wild environment. On 
SLA’s recent Novo Nordisk project, the 
firm created a “wild” landscape around a 
corporate headquarters which dealt on 
site with all of the stormwater that might 
be generated, despite being in just a few 
centimetres of soil, above a car park for 
400 cars. SLA’s Astrup says: “It’s a new 
typology of nature. It requires biodiverse 
plantings, and we don’t maintain it as you 
would traditionally — it’s very different 
to a beautiful lawn. But it’s not truly wild 
— we decided the species. It’s like we 
kickstarted nature.” 

THE MEASURE  
OF NATURE
New tool will help to quantify 
services provided by nature

A group of UK academics, 
developers, consultants and 
government agencies are 
developing a tool to measure 
ecosystem services. With the UK 
government planning to require a 
“biodiversity net gain” on all new 
developments, the Eco-metric tool 
would be able to show the wider 
benefits of any given proposal. 

The work, due to be published 
later this year, is being led by 
government advisory body Natural 
England and the University of 
Oxford, with input from WSP 
among others. The idea is that the 
tool scores the services provided 
by nature in a given place — 
anything from water supply, air 
quality, pollination and carbon 
storage to “sense of place” — to 
produce a metric that is simple 
and transparent yet scientifically 
robust. This will allow a detailed 
benchmark of an existing site to 
be compared with what is due to 
replace it, allowing developments 
to be tailored to suit local 
priorities, be they flood mitigation 
or recreation. 

Alison Smith, senior 
research associate at Oxford’s 
Environmental Change Institute, 
says this will give developers a 
way to demonstrate how sites 
have been designed to benefit 
people and nature in planning 
discussions. In a future where they 
could be required to contribute 
to off-site biodiversity-enhancing 
projects if a proposed scheme 
cannot deliver a net gain on site, 
this metric could be used to 
design better offsetting projects 
that benefit local communities as 
well as the environment. 

Left The Taylor Yard 
River Park is being 
developed on the 
site of the former 
Union Pacific freight 
yard in Los Angeles. 
The project, led by 
WSP, will increase 
green space, restore 
habitats along the Los 
Angeles River and aid 
storm-water retention

Right Researchers 
at University 
College London 
developed this 
“architectural bark” 
for maintenance-
free green walls. 
The crevices in the 
concrete enable it to 
trap airborne spores 
and host algaes, 
mosses and lichens

Below dsgsfgfdgdsgsfdgfdsg dfsg 
dfgdfs

Ph
ot

o 
M

ar
co

s 
C

ru
z

Ph
ot

o 
C

ity
 o

f L
os

 A
ng

el
es

, B
ur

ea
u 

of
 E

ng
in

ee
rin

g

P50



S P A C E S

27

(THE  ART  AND  SC IENCE  OF)  THE  POSS IBLE

Dutch evolutionary biologist Menno 
Schilthuizen, a professor at Leiden 
University and author of the 2018 
book Darwin Comes to Town, says the 
best interventions make use of those 
species that are already succeeding 
in adapting to urban environments. 
“We should create spaces for them to 
settle and colonize naturally, rather than 
‘create’ ecosystems and plant them as 
complete mixtures,” he says. This may 
mean eschewing much-promoted ideas 
such as “green walls” that often require 
irrigation, in favour of materials such 
as the “living concrete” being piloted 
by University College London’s Bartlett 
School of Architecture. This is designed 
to be bio-receptive, an “architectural tree 
bark” that can be easily colonized by 
airborne algae, moss and lichen spores. 
Schilthuizen says: “Buildings can be 

built from novel materials that allow 
insects and small plants to settle without 
compromising the structure and function 
of that building.”

This new form does not suit everyone’s 
idea of what nature in cities should be. 
In many parts of the world, the use of 
non-native species, often in Western-
influenced formal gardens with lawns, 
carries connotations of power and status. 
SLA’s Astrup has experienced this with a 
commission in the Middle East, where the 
strong desire was for non-native plantings 
that would have required a huge amount 
of irrigation to sustain. “If you don’t work 
with native species, then you can’t reduce 
heat in a sustainable manner, and you 
need a tonne of water. If you work with 
what’s locally available, the maintenance 
cost is not as high, and you’re celebrating 
your own culture,” he says.

New direction?

For Regenesis’ Reed, too much green 
infrastructure is about simply reducing 
the level of harm caused, rather than 
actively improving the world. The scale 
of the global environmental challenge 
means that many efforts, however 
positive and well-intentioned, ultimately 
“are not going to be enough” to stave off 
environmental catastrophe. And there 
is, of course, the risk that city greening 
becomes more about public perception 
than actually making a difference. 
“We need to move beyond nature as 
decoration to the understanding that all 
of these living systems have an integral 
role to play in our health,” he says.

Indeed, in Reed’s mind, the biophilia 
movement and emphasis on ecosystem 
services may even be obstacles, putting 
the focus on how humans can benefit, 
rather than the interrelationship between 
natural and human systems. “The 
biophilia movement can be seen as 
anthropocentric. It’s often about what 
nature can do for me, which is half the 
story. We also need to do for nature. It’s 
not about ‘impact’, it’s about ‘reciprocity’.”

Biophilic Cities proponent Beatley 
rejects this interpretation, contending 
that the movement is just as much about 
man’s impact on nature as nature’s 
impact on man. True or not, there is little 
doubt that increasing biodiversity for its 
own sake is a difficult sell — however 
terrifying the scientific data. “With 
climate change there’s an obvious target 
to aim for,” says WSP’s Merriman. “But 
it’s very hard with biodiversity because 
it’s not so tangible.”

So, what are the prospects for 
developing a more profound urban 
ecology? Reed says it is possible to 
galvanize action towards truly radical 
engagements and interactions — but 
only where clients and communities 
come together to jointly regenerate 
places based on a deep understanding of 
the local ecology. Cities, he says, can be 
“brought back to civility and high quality 
of life through paying attention to the 
unique human and natural patterns in 
each unique place”.

If that may sound a little New Age for 
some, Reed is not alone in sensing the 
limit of mainstream market mechanisms 
to address biodiversity in a genuinely 
effective way. WSP’s Butterworth 
makes the point that with regulation, 
government has the power to change 
the financial equations of development. 
“As soon as doing something becomes 
a requirement,” he says, “then the cost 
isn’t born by the developer, instead it just 
comes off the price of the land.” This 
is topical in the UK, given the proposal 
to enforce a biodiversity net gain on 
developments as a requirement of the 
planning system. 

Even more fundamental would be a 
financial system that genuinely takes 
account of everything nature provides — 
something the concept of natural capital 
aims to put right. “We have to change the 
mindset that the environment is a cost,” 
argues Merriman. “Our current economic 
system makes it look like it makes sense 
to do certain things, simply because the 
environment is not factored in. We’ve 
got to change the system to recognize 
that development requires a healthy 
environment.” 

The question is, can we do it in time?  

“If you don’t work with native species, then you can’t reduce 
heat in a sustainable manner” Rasmus Astrup, SLA

Both images 
Danish architect 
SLA’s competition-
winning project 
for Hans Tavsens 
Park in Nørrebro, 
Copenhagen. The 
design includes 
“smart cloudburst” 
features that filter and 
store storm waterVi
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I t’s perhaps inevitable that I 
would approach “smart” from a 

transportation point of view. More 
specifically, for me this means the ability 
to facilitate face-to-face meetings in an 
age of remarkable digital connectivity. 
I can be talking to my colleagues 
in Sydney, Melbourne, Kathmandu, 
wherever. But how do we not just make 
sense of but celebrate the moments 
that we have in our very busy lives to 
do a face-to-face? I tried to choose one 
“smartest place” from that perspective — 
and I failed miserably. 

T here are some very compelling 
stories about brand-new smart 

cities, but we also need to navigate the 
interface between the new and the old.  
I think that London does this in an utterly 
democratic, exemplary way. It’s not 
just about the neighbourliness of new 
structures adjacent to an Edwardian 
or Victorian building, it’s about existing 
communities having a meaningful 
connection with what’s created. Those 
conversations are profoundly important, 
and they can be had in London and other 
UK cities because there is a very strong 
democratic process that facilitates them. 

T he balance of old and new isn’t just 
about the built fabric, it’s people 

too. A smart city needs the right facilities 
for younger people and those who come 
into an area anew, and for the older 
demographic. If you wander around a 
place like Delhi, it’s really mixed. Perhaps 
there’s a clue in the way that particular 
culture venerates the old and places huge 
expectations on the young. Maybe this 
isn’t controlled by policy and can’t be 
legislated for, but it’s something we need 
to be thinking about nevertheless. 

W hat does all that create? It’s 
a crazy, impossible tapestry. 

But perhaps that’s why I’m still feeling 
motivated and that I have something 
to contribute to through the design 
agenda, because we don’t really have an 
exemplar yet. It’s formidable, but also a 
wonderful challenge.

Hiro Aso is leader, urban transport for 
UKEMEA at HASSELL

“For me, smart means facilitating face-to-face meetings in an age of digital 
connectivity. How do we celebrate these moments in our very busy lives?”
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T H E  S M A R T E S T  P L A C E  I  K N O W  
H I R O  A S O  /  T R A N S P O R T A T I O N  G U R U

“ I T ’ S  A  C R A Z Y ,  
I M P O S S I B L E  T A P E S T R Y ”

I struggle to move beyond a list of bits 
of cities, a somewhat Frankenstein 

answer. To start with, a place needs a 
sense of arrival, where things are intuitive 
and effortless. I immediately thought of 
Hong Kong International Airport, one of 
the world’s busiest, built on an island on 
reclaimed land. Because of noise and 
pollution issues, aviation facilities are not 
embraced and they’re rarely successfully 
woven into the city fabric. Hong Kong has 
found a smart way of dealing with that, 
and with the acute shortage of land that 
prevails in many places.

T hen I thought about healthy streets 
and healthy lives and I thought of 

Bergen in Norway. Norwegian cities are 
famous for having the highest proportion 
of new electric car sales, but their story 
isn’t just about the pollution aspect, 
it’s creating an environment that isn’t 
vehicle-oriented. That means promoting 
walking and non-vehicular modes of 
transportation. In Bergen, it rains a heck 
of a lot and yet it’s a very walkable city 
with an enviable complement of electric 
vehicles. A smart city needs to embrace 
that agenda. 

P55

O rientation is important for 
facilitating meetings and 

interactions, and the London tube map 
by Harry Beck is a fabulous orientation 
device that has become a piece of 
iconic design. It makes navigation 
through the city that much more 
effortless. And obviously, an excellent 
public transportation system is surely a 
benchmark of a great smart city. I can’t 
resist thinking about Tokyo Metro, used 
by something like close to 10 million 
passengers a day, criss-crossing and 
inadvertently interacting with each other 
through this megalopolis. 

P44

W hen you’re in a city, you want to 
feel its vibrancy and success. 

But you also need quiet moments and 
contemplative spaces, so it’s not all about 
the chaos and cacophony of business. 
In Melbourne, the wellbeing and healthy 
living agenda seems very tangible. It’s 
about to overtake Sydney as the largest 
city in Australia and yet it’s dealing with 
those growing pains in a balanced way. 
While the CBD is going through this 
continual renaissance and attracting 
global talent, there is a laser-sharp 
focus on creating an arts and cultural 
destination too. 
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“Everyone thought that digital would cannibalize live events. But the more time people spend on social 
media, the greater their desire for one-off experiences” Chris Lee, Populous

[1] YouTube  [2] Spotify  [3] Flixable  [4] TwitchTracker.com  [5] roomescapeartist.com  [6,10] Live Nation Entertainment  [7] Two Circles   
[8] IAAPA Global Theme and Amusement Park Outlook 2018-2022  [9] Euromonitor

How do you spend your 
downtime? In a digital, on-demand 
world, the choices are almost infinite. We 
can tap into any kind of entertainment 
whenever we want, from anywhere. 
YouTube users watch 1 billion hours 
of video every day,[1] Spotify users can 
stream more than 50 million songs,[2] 
Netflix subscribers can surf 1,569 
television programmes and 4,010 films,[3] 
and Twitch’s 4 million monthly streamers 
produce content for an average of 51,400 
live channels at once.[4] But doesn’t 
watching on your own get lonely? 

It seems that it does: in this atomized 
space, live communal experiences 
have become more valued than ever. 
And the more of the world we see on 
a screen, the more we want to go and 
explore it. Clutter is out, memories are 
in. Consumer data shows that people 
are spending less on “stuff” in favour of 
travel, dining out — and events.

Even gamers are going 
out. More than 23,000 esports fans 
went to the League of Legends World 
Championship Finals at Incheon Munhak 
Stadium, South Korea in October 2018, 
and 174,000 fans attended two weekends 
of esports tournaments at ESL One in 
Katowice, Poland in March 2019.

“Reality gaming” is growing too, in 
the form of escape rooms, immersive 
problem-solving games where teams 
work together to escape against the 
clock. The first opened in Japan in 2007, 
and the phenomenon has since spread 
across Asia, North America and Europe. 
There were approximately two dozen 
escape room facilities in the US at the 
end of 2014. By mid 2018, there were 
more than 2,300.[5]  

2018 was an eighth record year of 
growth for Live Nation, the world’s 
largest live events company. 2019 
promises to be another. Ticket sales 
were up by 16% in the first half, with 
its concerts expected to draw nearly 
100 million fans worldwide [6] 

In an average week in 2018, sports 
events across the world attracted 
cumulative attendances of 
42 million people [7] 

In 2017, a record 1.1 billion  
thrill-seekers went to theme 
parks around the world, spending 
US$44.8 billion [8]

Experiences are the new stuff. 

Welcome to a world of 24/7 stadiums, shape-shifting  
sports pitches, alternative-reality theme parks, and tours by  

dead rock stars. It’s going to be one hell of a ride …

WORDS BY KATIE PUCKETT

“The more we’re able to  
do at home, the more we  
crave going out, being with 
people we care about and 
doing something hopefully  
a little extraordinary”  
Craig Hanna, Thinkwell

20
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US$8tn
 

[9]Between 2017 and 2030, global spending on experiences is predicted to grow by 38% to reach

Thrills, spills and  
roller coasters

US$5bn per year over the last decade [10]

In the US alone, 
spending on live 
experiences has 

grown by

31It’s not just to have 
something cool to  
put on your Instagram feed 
… In 2018, Live Nation, surveyed 
22,500 13-49 year olds across 11 
countries: 

66% said they were “starving for 
experiences that put them back 
in touch with real people and raw 
emotions”

71% said “the moments that 
give me the most life are live 
experiences”

73% agreed with the statement:  
 
“Now, more than ever,  
I want to experience real 
rather than digital life”

P32



You won’t believe your eyes:  
a screen on every surface, holograms and AR  

“The digital world has transformed buildings. They’re huge billboards,  
they’re interactive machines” Albert Paquette, Architecture49

There are no more captive 
audiences. The market for our time, 
money and attention is an incredibly 
competitive one, and it’s stalked by 
a constant Fear Of Missing Out. 
If you go to one event, what aren’t 
you experiencing elsewhere? Even 
when you’re there, there are constant 
distractions, reminders that there is 
a world of other possibilities … Hosts 
might manage to tempt people through 
the doors, but how can they hold 
their attention? 

Maybe we should stop trying so hard, 
says Craig Hanna, chief creative officer at 
Thinkwell, creator of some of the world’s 
largest and most successful theme parks 
and destination resorts. “I’ve been to 
so many seminars in the leisure sector 
about how we have to keep people from 
using their phones. But we can’t assume 
we’re ever going to compete with that 
device so we have to make it seamless to 
the experience.”

Technology is a tool rather than a 
starting point, says Hanna. “A lot of 
our experiences are heavily laden with 
incredibly sophisticated technology, 
but most of it is invisible to the guest.” 
Take the Scooby Doo and the Museum 
of Mysteries attraction at Warner Bros 
World Abu Dhabi, a ghost train or dark 
ride where you board the Mystery 
Machine van to explore a haunted 
mansion. “The ride system is trackless, 
so as designers we are not bound by 
the linear nature of a track and can play 
games with the vehicle’s motion and 
capability. When Fred says, ‘Let’s split up 
and look for clues!’ the vehicles actually 
split up — something you can’t do in a 
tracked ride. We use this to enhance the 
story and create something unexpected, 
but at no time is the ride marketed as ‘an 
innovative trackless dark ride’. It’s simply 
a family dark ride that takes guests 
through an episodic structure and then 
surprises them.”

So how far are we from a 
real-life Westworld? The 1973 
film about a no-limits immersive theme 
park is now whetting the appetites of a 
new generation as an HBO TV series. In 
the real world, it is rumoured that Disney 
World’s new Star Wars-themed hotel 
will have no windows, only video screens, 
notes Hanna. “If I’m constantly looking 
out at space and spaceships, that gets 
pretty close to a sense of being there.” 

Not every technology is advancing as 
fast: “Obviously, we’re not going to have 

artificially intelligent, human-like robots 
populating this place in our lifetimes.” 
But maybe we don’t need them: “AR can 
certainly create something pretty close. If 
people have glasses on, you can populate 
that entire world with sentient creatures 
that only appear in your overlay.” 

For sports fans, there are a dizzying 
array of possible applications, just 
coming on stream. “We’ll start to see 
video feeds that give you the chance 
to experience the game from different 
perspectives, even when you’re sitting in 

the arena,” says Jay Wratten, sport sector 
lead at WSP in the US.  

Or why not “sit” somewhere completely 
different? “Imagine if there were 
cameras around the ground, converting 
the action into a live VR version of the 
game,” says Peter Chipchase, director 
at WSP in London. “Say you’re sat in the 
back row and you can’t really see what’s 
going on, you could watch the digitized 
version on a VR headset but still feel the 
atmosphere. Or you could fly down and 
be in the middle of the action.”

With 5G connectivity, 
millions will take part in a 
single event. Theoretically 100 
times faster than 4G and coming soon, 
5G not only enables the transmission of 
information-rich, realistic experiences 
in real-time, it dramatically reduces the 
latency or lag in two-way connections.
n The 2018 PyeongChang Winter 
Olympics in South Korea offered live 
VR footage of skiers and snowboarders 
over a 5G network, and instant replays of 
360° high-definition footage. 
n A violinist on-stage in Bristol, UK, 
was accompanied over 5G by a pianist, 
vocalist and second violinist at two 
different locations in London, 100 miles 
away. The 5G connection worked almost 
too well: the two violins were so perfectly 
synchronized that they sounded like 
a single instrument, so the piece was 
rewritten with two different parts.
n In its bid to host the 2022 World Cup, 
Japan pledged to telecast the games live 
in 3D to stadiums around the world.

[11] Thinkwell Group  [12] Michael Lewis for BASE 

Hologram  [13] Riot Games  [14] Thinkwell Group

“Virtual and augmented  
reality will be a paradigm shift 
in how people watch games”  
Jay Wratten, WSP
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YOUR FAVOURITE DEAD STARS — LIVE!
It used to take many, many hours of programming to create even a short segment 
of hologram. But more powerful processors and algorithms are increasingly able 
to take on the computational heavy lifting, enabling longer, more detailed, more 
realistic shows. At the League of Legends championship in Incheon, South Korea 
in 2019, a virtual band made up of game characters debuted their new song live on 
stage alongside real-life artists — so real, the holograms even had reflections on the 
shining floor surface. Holograms are now selling out arenas in the guise of music 
legends such as Roy Orbison, Buddy Holly and Maria Callas, with Whitney Houston, 
Amy Winehouse and Frank Zappa all set to be digitally resurrected. 

33
[12,13]

Hanna believes that augmented 
reality (AR) will play an enormous role 
in dazzling the visitors of the future, in 
combination with artificial intelligence 
and wireless, low-power wearable 
devices. “AR has absolutely the greatest 
opportunity to transform location-based 
entertainment, the possibilities are really 
extraordinary. If a guest could wear 
a piece of technology that allows an 
attraction to track me, to know what I do, 
know how many times I’ve done it and 
communicate that back to staff, then 

the entire place could become more like 
Westworld than we could imagine.” 

Star Wars: Galaxy’s Edge is already 
doing this to some degree with its phone 
app. “When I go to get a drink after 
I’ve had a great run in the Millennium 
Falcon, the guy who serves me my blue 
milk might say, ‘Hey, I heard you made 
a Kessel Run in three parsecs’. That’s 
magic, and it puts me in the experience 
in a very cinematic way. That’s how 
immersive people are expecting future 
experiences to be.” 

Above The Twilight Saga: Midnight Ride, a dirt-bike adventure complete with VR wolves  
at Thinkwell’s Lionsgate Entertainment World in Hengqin, China

Don’t look down  … 
Green Lantern: 
Galactic Odyssey starts 
off as a planetarium 
show, before riders 
are thrust into an 
immersive “4D flying 
theatre experience”, 
suspended in front of a 
38m half-dome screen 
while their senses 
are bombarded with 
computer animations, 
wind, scents and mist. 
It was designed by 
Thinkwell Group, and 
is one of the most 
popular attractions at 
Warner Bros World 
Abu Dhabi.

[14]

[11]
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Ticket holders for PY1 
will have little idea of the 
experience that awaits them  
as they approach the mysterious pyramid 
on Montreal’s docks. But its creators 
don’t really know either. 

“Something we talked about really early 
on was ‘what is the audience going to 
feel?’” says Mike Anderson, production 
director at Lune Rouge Entertainment. 
“To be perfectly honest, we’re not exactly 
sure how they’re going to react because 
it’s so new. We’ll be watching carefully.” 

Lune Rouge is the new venture of 
Guy Laliberté, founder of Cirque du 
Soleil, and the hope is that it will follow 
the same trajectory from cult secret to 
global phenomenon. Having opened in 
June this year, PY1 is a touring venue 
with “multiple personalities”. By day, it 
hosts Through the Echoes, an interactive 
60-minute show that will take visitors on 
a multimedia journey from the Big Bang 
to the present day; by night, it becomes 
a nightclub with themed live music 
experiences and 360º projections. It 
can also be rented out for anything from 
corporate presentations to yoga retreats. 
 
PY1 is one of the most 
technologically advanced 
venues in the world, but its novelty 
derives in part from a more mundane 
reason: its unconventional shape. “The 
audience have never been in a venue 
like this and so they’re going to be 
experiencing something in a way that 
they never have before,” says Calum 
Pearson, Lune Rouge’s general manager. 

We wanted to create a way to be in that 
world together. Human beings are still 
very social creatures, we want to get out 
and experience things together.”

As storytellers, their ultimate job is to 
give the audience goosebumps, says 
Pearson. “The story has to take them 
on a journey. It has to have moments of 
adrenaline and moments where you just 
get to breathe, and the venue has to be 
able to support that.”

The communal element is crucial, 
adds Anderson: “If you think back 
over the times you’ve experienced the 
hair standing up on your arms, you 
don’t usually get this feeling watching 
television or looking at your phone.  
It’s a social, interactive moment where 
there’s five people, or 1,000 people, or 
100,000 people in an arena and it feeds 
off itself.”

 
As fathers, they have a more 
personal goal: getting the younger 
generation to look up from their phones, 
for a short while at least. “We have both 
lived through them growing to the age of 
living inside of their cell phone or living 
inside the video game,” says Anderson. 
“My daughter has friends literally all over 
the world, but she’s never actually spoken 
to or met any one of them. One of the 

coolest things I ever experienced was at 
a high-school robotics championship in 
St Louis. There were 70,000 teenagers in 

this gigantic football arena, all engaged in 
what was going on, and not one of them 
had their cell phones in their hand. That 
was a goosebump moment for me.”

Here, the pyramid’s unusual shape 
is again their secret weapon: it will 
be very difficult to capture such a 
multidimensional experience on a phone 
screen. They want people to want to 
try — and then they want them to give 

up and just be in the moment. “If we 
have an ambition left to fulfil, it’s to bring 
everybody from the Millennials and 
younger out of the seven-inch world to 
the 360º real world,” says Pearson. “Just 
for 60 minutes, you’re ours.”

“And then,” adds Anderson, “we want 
them to go out of the pyramid, pick up 
their cell phone and talk to their friends 
about it.” 

“The first time a train came through the screen in a 
movie theatre, audiences ducked. It’s going to be the 

same for the audience in here” 
From the team behind Cirque du Soleil, Montreal’s PY1 takes immersiveness to new depths

“You can put on an Oculus Rift headset and go into a virtual 
world, but physically it’s just you in there. We wanted to create a 
way to be in that world together” Calum Pearson, Lune Rouge

[15]

[16]
[15] Patricia Brochu  [16] Jimmy Hamelin

Both Pearson and Anderson are 
veterans of Cirque du Soleil’s spectacular 
touring productions, but that proved 
to be no preparation for a 125ft square 
with 85ft-high slanting walls. “For 
my entire career of 30-plus years in 
entertainment, we’ve always worked 
inside of a box, where things go up and 
down in a linear way,” says Pearson. 
“Here that doesn’t happen — everything 
is at an angle and we don’t have the 
traditional ceiling. So we’ve kind of had 
to throw away everything that we knew. 
It presents completely new challenges 
for a lighting designer, for example. How 
do you light the floor to create a certain 
mood, without lighting up the projection 
surfaces on the walls?” 

As well as projections, shows feature 
lasers, kinetic physical elements and 
of course, state-of-the-art sound and 
lighting, and it is augmented reality-ready 
too. There is no traditional seating, and 
the audience is free to sit, stand or roam. 

Interactivity is essential to hold a 
modern audience’s attention, says 
Pearson. “Even in the 90s, the challenge 
was always how you break down that 
fourth wall. But now people have access 
to technology that surrounds them and 
stimulates all of their senses just from 
their own couches.”  

The goal of PY1 is to offer the 
same level of immersiveness, 
but in a communal setting. 
“Today, you can put on an Oculus Rift 
headset and go into a virtual world, but 
physically it’s just you in there.  
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Beating the competition:  
your sofa. 

“The point of smart buildings is to enhance the spectator experience. People want to get in and out quickly 
and safely, be comfortable, and not have to queue for ages for a beer” Peter Chipchase, WSP

Immersive sound, virtual 
reality, instant 360° replays … 
the venues of the future will offer all of 
this — but so will home entertainment 
systems. It’s a lot more convenient to stay 
home. You can eat whatever you want. 
You can sit with your friends. You get the 
best views. You don’t have to travel, brave 
lengthy queues or pay exorbitant prices. 
When you put it like that, why would you 
ever leave the sofa? 

So we have to make it easy. In 
tomorrow’s venues, the technology you 
can see will be just the tip of an AI-
powered iceberg working to optimize 
every part of the experience and make it 
as frictionless as possible. 

“We need to raise expectations of 
what a digital service should be,” 
says Matthew Marson, head of smart 
buildings at WSP. “I don’t want a paper 
ticket or to have to look for a parking 
space. I expect food to come to me, and 
if I miss that all-important shot, I want 
to be able to go back and watch it in my 
own time.” This will make for a radically 
different guest experience, but it will not 
necessary require physical changes to 
existing buildings: “We can just overlay 
them with a set of digital services.” 

With digital ticketing, there’s no need 
to print out tickets or pick them up — 
they’re already pre-loaded onto your 
phone. If you’re taking your personal 
vehicle, you’re automatically directed to 
your pre-booked parking space, and can 
find it again easily. We could even extend 
the wayfinding experience with turn-by-
turn instructions to reach your seat. 

Security will be more rigorous but 
less visible, as biometric identification 
and intelligent video analytics become 

the norm. Cameras with built-in AI will 
monitor footage and identify unattended 
bags, for example, or changes in the 
way a crowd is moving. “Computers can 
watch all the screens at the same time 
and they don’t miss small details,” says 
Marson. “They can see if the crowd has 
started to move in an unusual way, and 
flag up that someone needs help.” 

The system could even identify when 
rival fans go into the opposing team’s 
area: “If it’s Manchester City versus 
Manchester United and someone in a 
blue shirt goes over to the red-shirt side, 
you can put in a virtual tripwire to alert 
security staff.” 

Long queues will be a thing 
of the past. Bluetooth beacons can 
monitor foot traffic and the length of 
food queues, directing spectators to the 
shortest ones. But why leave your seat at 
all? “The beacons provide such accurate 
locations that rather than having to go 
and queue for food, it comes to you,” says 
Marson. “You order it on the app and the 
delivery person can see where you are.” 

Combining all of this data with 
information from occupancy sensors in 
lighting systems will make maintenance 
and cleaning more reactive — the 
restrooms of the future will never run out 
of toilet paper or soap. And for those who 
like to plan every detail, the app could 
show you a concert setlist, so you can 
choose the perfect moment to go. 

This data will also play an 
invaluable role in key decisions  
about everything from sponsorship to 
event management, says WSP’s Wratten. 
“Mobile devices allow us to interact 
with fans in a very different way, from 
an operator and marketing perspective. 
Data and analytics about their fan base is 
hugely important to how teams establish 
partnerships with sponsors and how they 
weigh the success of different initiatives.” 

Datasets on how people buy tickets, 
their preferred food and their social 
media interactions during and after 
an event could be mined to drive 
engagement or secure funding. “For a 
sports team today, there is no off-season. 
They need to be in front of fans 24/7, 365 
days a year, constantly engaging. That’s 
the way we now consume entertainment. 
Going to the venue is part of it, but 
your loyalty to the team or artist is built 
digitally. These facilities represent the 
culmination of that relationship.” 

Silicon Valley’s home ground: At San Francisco’s 
Levi’s Stadium, home of the 49ers, you can use the 
official app to order food to be delivered to your seat, 
find the shortest queues or a place to park

At Taylor Swift’s Rose Bowl concert in May 2018, a kiosk equipped with facial
recognition cameras showed rehearsal clips. As fans watched, their images were
being cross-referenced with a database of hundreds of her known stalkers

Live Nation has invested in Blink 
Identity, a start-up that uses military 

facial recognition technology to 
identify people passing at full walking 
speed, even if they are not looking at 

the camera

P12
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A TASTE OF THINGS TO COME
Food and drink is luring fans in earlier, and keeping them longer

From fine dining to family meal deals, everything’s available in today’s most 
advanced venues. Food and beverage has traditionally been a big earner 
for stadium owners, but an underwhelming aspect of the fan experience. 
Now they are taking a more strategic approach, so that dining at the venue 
becomes a choice rather than a grudging last resort. 

“People are demanding it,” says Turner. “You have to have really good 
kitchens, and really good chefs providing quality food. Each event is a 
different kind of opportunity from a food and beverage standpoint, and every 
building is taking advantage of that now. So the buildings need a much more 
sophisticated back-of-house.” 

Tottenham Hotspur’s new ground has a Michelin-calibre restaurant, but also 
beer priced to match local pubs and a microbrewery on site. “We’re selling 
out of beer every game,” says Lee. “People are coming two-and-a-half or three 
hours early, and they’re staying for two-and-a-half or three hours after the 
game. It’s not this massive rush getting there five minutes before and leaving 
five minutes before the end.” 

“It’s making sure that the fan is entertained from the minute they get there to the minute they leave,  
for the entire day even” James O’Neil, Cushman & Wakefield

The fan experience doesn’t 
come cheap. Today’s technology-
saturated venues are far more expensive 
to build than their predecessors. “Prices 
have sky-rocketed,” says James O’Neil, 
leader of the sports and entertainment 
practice at Cushman & Wakefield. “Maybe 
20 years ago, a new stadium was a field 
with concrete around it, and parking lots 
around that. People went to go see that 
one event and that was pretty much it. 
Now it’s not just building a stadium, it’s 
building an entire entertainment district.” 

Mass transit links are essential and 
stadiums are more often in central 
locations, on higher value sites. As the 
cost and complexity of projects has risen, 
developers have had to seek additional 
capital, from lenders who expect a strong 
return from match-day operations.

So operators need people to 
come — and to spend money. 
That has changed the game completely, 
says Ron Turner, principal and sports 
leader at Gensler. “The performance of 
these buildings is extremely important 
— that’s what drives, in many cases, 
whether or not you can get a loan to build 
them in the first place.” 

This is a global trend with operators 
in Europe and Asia all following the US 
model: a constantly expanding range of 
amenities and more premium seating. 
“There’s been a huge shift in how revenue 
is calculated,” says Turner. “It used to be 
about selling as many seats as you could, 
but that’s way down the agenda now. The 
premium product is the biggest thing 
that generates revenue, up there with 
naming rights and sponsorships.”

New stadiums have many more levels 
and a greater degree of segregation, 

The real home advantage: how stadiums  
drive sports teams’ success.

but also greater freedom of movement. 
“Standing room is a real trend now,” says 
Turner. “The younger generation like to 
move around. We have to provide places 
where they can text their friends and say, 
“I’m over here, come on over, we’ll hang 
for a quarter.’” Advertisers love to attach 
their brand to these spaces: “Owners 
may not get as much for the seat, but 
they get a lot from the sponsorship.”

At Tottenham Hotspur’s new ground 
in north London, designed by Populous, 

premium options range from optimal-
viewing seats to a £30,000-a-year 
private members’ club that will store your 
vintage wines and cognacs. New to the 
UK, Tottenham’s “loges” seat between 
four and 10 people in booths overlooking 
the pitch, with table service. “They sold 
phenomenally well,” says Chris Lee, 
managing director EMEA at Populous. 
“They’re the same price per seat as a box, 
but you can buy just four of them, which 
might suit the way you entertain better.” 

The regular fan experience 
is intended to keep people 
coming back again and again. 
“Even the cheapest season ticket is 
expensive,” Lee adds, “so we should 
be giving them a fantastic experience. 
UK football or soccer fans might go to 
26-29 games a year, so you want to be 
able to do different things depending 
on whether you’re going with your 
friends, your partner, your children or a 
client. It’s about designing and curating 
phenomenal experiences, rather than 
designing a beautiful, iconic building and 
then trying to fit everything into it.”

A team’s ground can play a crucial role 
in its fortunes on the pitch too. Broadcast 
revenues are fixed, and players’ salaries 
set by an increasingly global market 
as sports such as soccer, American 

“Ten or 15 years ago, there were general seats, club seats and 
suite seats. Now there are usually at least ten different seating 
experiences: theatre boxes, loge seats, field club seats, club 
and restaurant seats, in-bowl dining seats …” David Manica

Bored of the action?  
No problem …
n At State Farm Arena in Atlanta, basketball 
fans can get a shave or a haircut in the courtside 
barbershop, or practise their swing in a TopGolf 
driving range simulator overlooking the arena.
n Lucky Jacksonville Jaguars fans can stay cool 
in the Axalta Spa Cabanas, a two-level space with 
video screens, bars and two large wading pools 
with prime views of the field.
n Toronto’s Scotiabank Arena has built a massive, 
high-end sports bar across the road, with a 39ft 
HD big screen and rave reviews for its food, 
ambience and service on Tripadvisor. “Being 
in that space is actually more exciting than the 
stadium itself because it’s such a highly charged 
environment,” says Albert Paquette, principal at 
Architecture49. If you can get a table, that is. 

[18] Miami Dolphins  [19] Hufton+Crow  [20] Jacksonville Jaguars   
[21] State Farm Arena

39
Left At Miami 
Dolphins’ Hard Rock 
Stadium, there are 
11 different seating 
options, including  
the 72 Club

[18] [19]

[20]

[21]

football and basketball expand into 
new territories. But income from ticket 
sales and match-day spending can vary 
dramatically — and help to drive results. 
“Stadiums are a differentiator between 
club A and club B,” says Lee. “Stadium 
revenues become a huge part of the 
business plan because it’s the one piece 
they can modify. When you’ve got £50m 
more a year to spend, that can enable you 
to buy better players and therefore do 
better on the field.”

When London football club  
Arsenal moved from its historic 

Highbury ground to the Emirates 
Stadium in 2006, match-day 

revenues doubled from  
£42m to £90m
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“You don’t want to be in a situation where someone comes along and says ‘can you put on X’  
and you have to say no” Peter Chipchase, WSP

Stadiums and arenas  
are expensive, energy-hungry 
buildings — and most of the 
time, they’re empty. UK football 
stadiums only stage league matches 
every other Saturday; in the US, there are 
just eight home games a year. 

The days of building bespoke venues 
for one team and one kind of event are 
gone. The sporting facilities of the future 
will have to be chameleons, winning fans’ 
loyalty even when there is no longer an 
exclusive relationship. “Instead of having 
several stadiums spread out across cities, 
I think you’re going to see consolidation 
between teams and sporting events, 
especially in highly populated areas,” says 
James O’Neil at Cushman & Wakefield. 
“You feel like it’s your home field when 
you go there to see your team. But then 
maybe a few days later, your across-town 
rival is coming into the same stadium. 
They can change the team name and 
everything else within a few hours.” 

Accommodating different 
sports calls for some creative 
solutions. At Tottenham Hotspur’s 
football ground, the grass pitch is in a 
tray that slides back to reveal a synthetic 
one 1.5m below — the first bespoke NFL 
pitch outside North America. 

The technical requirements for the 
two sports were very different, says 
Populous’ Chris Lee. “In soccer, no one’s 
on the pitch other than the players and 
you just have two managers at the side. 
In American football, there is a massive 
entourage of about 80 people, so the 
first spectators are always elevated. It’s 
also pretty hard to get line markings 
off natural grass, and then there’s the 
difference of having 40 incredibly large 
NFL players on the grass pitch — the 
damage they do to the field is huge.”

The sliding field solves those problems 
and will enable maximum use of 
Tottenham’s stadium. As well as NFL 
games, Saracens rugby club have signed 

a five-year deal to play their big games 
there. And rather than waiting until 
the end of the football season to stage 
concerts, so as not to destroy the grass, it 
can be slid out and replaced overnight. 

“The business model changes quite 
dramatically through the ability to change 
that one thing,” says Lee. “They can run 
a lot more events and the turnaround 
time is a lot quicker. On a business level, 
that makes huge sense, but also on a 
sustainability level. If you’re investing all 
of this carbon into a building, we should 
be using it as much as we possibly can.”

The transformation has to 
be convincing. To really maximize 
revenue generation, venues have to be 
able to host anything that comes along, 
from a full-capacity sports crowd to 
intimate corporate events. That means 
being able to tailor every aspect of 
the building, says Peter Chipchase at 
WSP. “You need to be able to effect a 

complete conversion — for example, 
the ability to convert a football stadium 
with no roof into a fully enclosed arena. 
Once it’s an arena, it needs to have 
multiple modes: concerts with different 
combinations of seated and standing 
areas, touring shows, EDM, ice hockey, 
boxing, basketball, Cirque du Soleil  … 
That means flexibility in spectator 
requirements and behaviour patterns, 
loading patterns, rigging loads, all the 
lights, the AV. The climate might be 
different for each type of event. There’s 
no reason why you can’t accommodate 
all these requirements, it’s just about 
setting the right brief.” 

One client wanted a 42,000-seat turf 
sports stadium that could quickly be 
converted into an arena with a roof. 
Chipchase’s design, for which he has 
filed a patent application, has the pitch in 
a tray on a frame and strand jacks on the 
roof. “The strand jacks pick up the pitch 
and it becomes the roof, creating a pit at 
the base that can be fitted out in various 
configurations. The stage, lower tiers 
and all the other arena equipment can be 
stored under the upper tiers and quickly 
wheeled out into the pit. One of the 

One great day out isn’t enough. Venues need to host 
something different every day, flawlessly. 

[22] steelblue  [23] Blizzard Entertainment  [24] Newzoo   

challenges of rigging an arena is access 
to the roof soffit. With this approach, 
you can lift it a little way and lock it off to 
rig all the equipment from head height, 
so there’s no need to work at height. As 
soon as you finish playing football on 
Saturday afternoon, you can lift the roof 
up ready for a concert in the evening.” 

Anticipating the many 
uses of a building over a 30-
year lifespan is a tough call. 
But even short-term predictions are 
problematic: “It’s really dangerous to 
design a building for today’s technology 
because by the time it’s built, four years 
in the future, it’ll be outdated,” says David 
Manica at sports and entertainment 
specialist MANICA Architecture. “So we 
design for the unknown and provide a 
blank canvas that is flexible.” 

In a more resource-conscious world, 
adaptability will become an even more 
important component of a design, 
believes WSP’s Jay Wratten. “If you look 
at the change in fans’ expectations over 
the last 30 years, some facilities just can’t 
meet those in their current state,” he 
says. “If we take the stance that they’re 
supposed to last, the new challenge will 
be how to keep them current with the 
bones in place.” 

Like airports, which are constantly 
updated, stadiums also need to evolve 
over their lifetime. “Perhaps we need 
to start designing these facilities in a 
modular way, so you could upgrade them 
by pulling out a piece of programme and 
putting a new piece in. 

“If autonomous vehicles and self-driving 
cars take over, in 20 years we might want 
to turn parking levels into retail. We need 
to be considering what that will mean for 
entertainment buildings.” 

NEW GAME IN TOWN
World’s fastest growing sport draws 
previously hidden demographic

Livestreaming video games such as 
Fortnite, Dota 2 and Overwatch (pictured 
left) has become a major spectator sport, 
and real-world events are growing in 
popularity — some leagues now require 
that teams have a local venue for home 
matches. The global esports market 
will grow by 26.7% in 2019 to top US$1 
billion[24], with dedicated arenas, bars and 
cafes proliferating across Asia, the US 
and Europe. China leads the trend, with 
six cities vying to become its esports hub. 

“It’s a different demographic, and it’s 
huge and growing,” says Ron Turner at 
Gensler. “There’s a push to adapt the 
esports experience to existing venues, so 
you create smaller venues for maybe 200 
or 300 people to take advantage of the 
food and beverage component. There can 
be a worldwide network of games taking 
place in different time zones.”

A very high level of power and 
bandwidth is essential: “It’s almost like 
a surround-video situation with dozens 
of cameras on all of the players so fans 
can watch them as well as the in-game 
action. Then you have commentators and 
celebrities, so you need a booth that’s 
visible to the audience.” 

There must also be areas for teams 
to prepare and for fans to try out new 
games. “You need to provide a variety of 
experiences, not just rows and rows of 
seats. It really comes down to flexibility — 
making sure that you can accommodate 
all these different types of activity and 
that you have enough power.”

41
Déjà view … San Francisco’s Chase Center will be home to the Golden State Warriors basketball team, but it also has a Broadway-style 
stage. “When you enter the building you would never recognize it as a sport arena, it feels more like a performance hall,” says architect 
David Manica. “The arena can even transform to host smaller theatre events. It is really three buildings in one.”

[23]

[22]
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If there’s one thing sports 
fans love as much as the 
game, it’s the stats. Atlanta’s 
Mercedes-Benz stadium doesn’t 
disappoint. There are 4,000 miles of 
optic fibre snaking around the building, 
feeding 3,500ft of LED ribbon displays, 
the world’s largest scoreboard, 58ft high 
and 1,100ft wide, and another 100ft-high 
videoboard wrapped around a giant 
structural column. At the other end of the 
scale, hot dogs are just $1.50, you can 
drink all the Coke you want for $2 and 
the seats are 2 inches wider than those of 
its predecessor, Georgia Dome. 

The goal of all of this, says general 
manager Scott Jenkins, is nothing less 
than to redefine the stadium experience. 
“It’s a very lofty objective, but it’s a 
competitive marketplace out there. 
People have a choice of where they spend 
their money and they have a choice of 
being at home. So we’re trying to give you 
a live venue experience that you can’t get 
at home or anywhere else.” 

The 70,000-seat venue is right in the 
heart of Atlanta, and it wears its ambition 
proudly for all the city to see. Designed 
by HOK, it has a complex multifaceted 
form and a retractable roof whose 
camera-aperture-style opening is almost 
a newsworthy event in itself. The display 
screens and LED lighting throughout 
make it completely customizable inside 
and out — essential given that it’s not 
only home to the NFL Atlanta Falcons, 
but also soccer start-up Atlanta United. It 
hosts the Southeast Conference football 
championships and the Chick-fil-A 
Kickoff Game that opens the college 
football season, as well as corporate 
events and concerts all year round. 

“We don’t have fixed signage in the 
building, everything is digital,” says 
Jenkins. “One night, we’re Atlanta United 
and the next day, we’re Atlanta Falcons, 
so the building has to be able to convert 
overnight. With the push of a button, we 
can dramatically change the look and the 
feel, and light up our facade in colours 
that complement the event.”

Heavy-hitting technical wizardry is 
certainly part of what makes a great 
stadium experience, but the simpler 
things matter too. To make sure  
the seats were comfortable enough, 
billionaire owner Arthur Blank personally 
sat in every prototype, and the food  
and beverage offer is competitively 
priced and served fast. “When we 
opened, we had whole-dollar pricing 
on everything so there was no change. 
We’ve since gone to a cashless stadium, 
so it’s all card transactions. And we  
took the soda dispensers off the counter 
and we put them in the concourse.  
So now, when fans come up and say  
‘I want four Cokes’ we hand them four 
cups and they can go fill up as much  
as they want.”

Going cashless was at the request 
of the fans — one of many tweaks that 
Jenkins and his team have made in 
response to post-game surveys since 
the stadium opened in August 2016. 
“Any venue that’s going to be successful 
is going to be maniacal about focusing 
on the fan experience, getting feedback 
then taking action to deliver the kind of 
experience they want.”

With the boot on the other foot, he has 
been trying to guide fans’ behaviour to 
make the stadium’s operations more 
sustainable. Here, too, there are some 

impressive stats already. Mercedes-Benz 
stadium has Platinum LEED certification, 
scoring 88 points, the highest that any 
professional sports venue has achieved. 
Even with all those screens, its energy 
consumption is 29% lower than its 
peers, and it uses 40% less water. 
On-site there is solar power generation, 
a 680,000-gallon system that reuses 
rainwater for cooling and irrigation, and 
capacity to store 2.1 million gallons of 
stormwater, some of it in landscape 
features called bioswales. A garden 
produces healthy food options for the 
concessions. So far, 50 tons of uneaten 

food has been donated to the community, 
providing 150,000 meals. 

Jenkins, who is one of the founders 
of the Green Sports Alliance, would 
ultimately like the stadium to be zero 
waste. “As we do that, we have an 
opportunity to engage our fans and the 
business community to help drive more 
innovation and more environmentally 
preferable habits.” 

Aluminium and plastic bottles are 
collected in clearly branded containers 
and sorted on-site. The value of the 
aluminium is donated to Habitat for 
Humanity, which is currently building a 

second house from the proceeds. The 
stadium’s PET plastic bottles, meanwhile, 
were used to make jackets for 10,000 
volunteers when the stadium hosted 
2019’s Super Bowl. 

“We’re trying to make it tangible for our 
fans and get them to contribute to the 
recycling, but we’re also trying to show 
them the value of the materials to help 
build the circular economy. Sports has a 
unique position in all of our communities 
and I think it can play a role in moving us 
in the right direction.” 

“One night we’re Atlanta United,  
the next day we’re Atlanta Falcons” 

“Any venue that’s going to be successful is going to be 
maniacal about focusing on the fan experience”

The 70,000-seat Mercedes-Benz stadium has multiple identities — but always puts fans first 43
[25][25] AMB Group  
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Entertainment will be at the centre  
of tomorrow’s cities. 

“Entertainment buildings are some of the most important and iconic any city can build.  
They become a source of pride and a hallmark for the quality of life they offer” David Manica

Fun is coming in from the 
cold. Entertainment venues were 
often seen as bad neighbours by city 
planners and residents — noisy, litter-
strewn, antisocial and best banished to 
the outskirts of town. But their social 
value is being reappraised, as is the 
environmental cost of locating them in 
places that can only be reached by car. 

“There are no buildings out in the 
middle of a parking lot any more,” 
says Gensler’s Ron Turner. “People 
understand that stadiums and arenas are 
destinations that create a footfall, and are 
therefore great for cities in terms of their 
longevity and sustainability, and from 
a transportation standpoint. It makes 
sense for these buildings to be in cities.”

Downtown destinations are also more 
likely to draw the punters. “At the end 
of the day, it’s not iPhones or Instagram 
we’re competing against, it’s time,” 
says Craig Hanna at Thinkwell. “So we 
have to create a new offering that is 
faster to get to and easier to consume. 
As densification continues, the future 
is multi-venue destinations in urban 
settings, which take less footprint.” 
Thinkwell’s Lionsgate Entertainment 
World in Hengqin, China, is a case in 
point — an indoor, vertical theme park 
with 30 attractions on 10 levels. 

Entertainment is an 
essential component of vibrant 
places, says Albert Paquette at A49 
in Toronto. It has several major venues 
downtown, linked into the transit system 
and spilling out into public spaces, even 
when the game is elsewhere. Its Raptors 
basketball team secured their historic 
NBA win in California. But back home, 
the area outside Scotiabank Arena — 
known as “Jurassic Park” — became a 
focal point for fans, some queueing to 
secure a place in front of the big screen 
for 48 hours. “It was as active there as if 
the game was happening inside,” he says.  

In smaller towns, multipurpose venues 
refresh the parts that other developments 
can’t reach: the 5,000-seat Meridian 

Centre in St Catharines, Ontario is on 
an awkward brownfield site 50ft below 
a main street. “They couldn’t get any 
commercial interest but now there’s this 
whole hub of sports and entertainment 
that has reactivated a street that was 
dying,” says Paquette. 

“The arts have a huge role 
to play as community glue,” 
believes Robert O’Dowd, chief executive 
of the Rose Theatre Kingston, a  
800-seat venue in outer London. “With 
the digitization of community life, where 
does the community meet now? Where 
are people bumping into each other, 
sharing experiences?” The Rose  
is one of those places: it has 100 

volunteer ushers, the majority of them 
retirees, an active youth theatre group, 
and a cafe where various social activities 
take place. 

But for O’Dowd, the most successful 
theatres are more than a meeting place 
— they go beyond their walls and engage 
directly with people in the street. “How 
theatres integrate into the cityscape 
is potentially the future of trade and 
commerce. Who still wants to just go 
shopping? Performance can turn town 
centres into experiential places.” 

This is already happening, not just 
with culture but sport too. When venues 
are centrally located, it’s even more 
important that they are well used, and 
this drives more porous designs.

“We include places for  
people to gather, whether 
they’re coming to an  
event or not, so it creates  
a new town square”   
Ron Turner, Gensler

450.25 miles
100 buildings
6.38% vacant

0.5 miles
488 buildings

 10.03% vacant

1.5 miles
3829 buildings
 11.78% vacant

2 miles
2652 buildings
 12.73% vacant

Office and retail 
space close to a 
new entertainment  
development 
commands a 20-30% 
rental premium.

Vacancy rates  
for more than 7,000  
office buildings  
across the US show 
that occupation 
increases with 
proximity to an 
entertainment 
development.

[26] Philip Scalia / Alamy Stock Photo  [27] Cushman & Wakefield  [28] Peter Manning / Alamy Live News

“I think the whole city  
should become a space for  
entertainment, where retail, 
performance and the  
city blend” Robert O’Dowd, 
Rose Theatre

Just add screen … Cricket fans watching the 2019 World Cup final in Trafalgar Square, London 
— public spaces are becoming extensions of stadiums or spectator venues in their own right

The ultimate 
blurring of 
boundaries The Shed 
at Hudson Yards in 
New York, designed 
by Diller Scofidio + 
Renfro, expands and 
contracts into the 
public space in front 
to host performances, 
exhibitions and events 
of different sizes 

The nascent trend 
for “sports-oriented 
development” takes this to its 
logical conclusion: if a transport hub can 
be an anchor around which housing, 
workplaces and retail facilities are built, 
why not a well-connected, amenity-rich 
sports facility? “We’re starting to see 

many cities looking at entertainment 
facilities as a component of that anchor,” 
says Wratten at WSP. “What if you had 
apartment buildings that looked into the 
bowl, or all around it? What if on your 
way to work or the subway station, you 
could walk through the concourse and 
buy a coffee from the concession stand? 
It becomes part of the community, as 
opposed to the gates being closed except 
for a few times a week or a month.” 

Stadiums already include amenities 
that new communities need. “Many 
have health facilities that outpace most 
urgent-care centres,” says Wratten. 
“What if we started to use them as 
everyday healthcare facilities? Or maybe 
stadiums could house battery banks as 
part of the sustainability strategy for the 
surrounding grid.” 

Entertainment boosts property values

 [27]

Sport in the city
n London football club Fulham is 
redeveloping its Riverside stand to open 
up the walkway along the River Thames: 
“It’s designed as a riverside venue that just 
happens to have a seating tier on the back 
of it,” says Peter Chipchase at WSP. 
n Polar Park in downtown Worcester, 
Massachusetts, is a 10,000-seat baseball 
facility with an office built in the outfield. 
“Office workers will be able to look into the 
park,” says WSP’s Wratten.
n San Francisco’s Chase Center is a 
sports and cultural venue, and a major 
mixed-use project, designed by MANICA, 
with interiors and retail by Gensler. 
There will be offices, shops,  bars, 
restaurants and a public plaza. “The entire 
development becomes a part of the fabric 
of the city and a draw even on non-event 
days,” says David Manica. 

[26]

[28]

P11



47

(THE  ART  AND  SC IENCE  OF)  THE  POSS IBLE

T H E  H U M A N  F A C T O R

F rustration drives some people 
to anger, some to despair, and 

some to write manifestos. It is into 
this last bracket that the British-Israeli 
architect, researcher, writer, speaker and 
idealist Itai Palti falls. The Conscious 
Cities Manifesto he co-authored with 
neuroscience professor Moshe Bar in 
2015 was born of frustration, he says — 
though he usually prefers to put a more 
optimistic spin on it.

“I think the manifesto came out of 
this realization that we have so much 
more potential to put humans at the 
centre of the design process, and that 
it’s not being actualized. As a profession, 
architecture can have a lot of positive 
social impact but in practice there’s 
sometimes a laziness and an arrogance 
about it. I guess I can say that because 
I’m speaking from within.”

For all Palti’s readiness to criticize his 
peers, his ideas seem to have struck 
a chord. Over the last four years, he 
has rallied many of them to his cause 
of science-informed, human-centred 
design, alongside a diverse group of 
scientists, researchers and technologists. 
Palti was not the first to spot the 
synergies between neuroscience and 
architecture — San Diego’s Academy of Ph
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WORDS BY KATIE PUCKETT

“A ‘CONSCIOUS CITY’ IS GOING 
TO HAPPEN BECAUSE THAT’S 

WHERE TECHNOLOGY IS LEADING 
US. BUT TECHNOLOGY HAS 
A WAY OF GUIDING HUMAN 

BEHAVIOUR TO BAD HABITS”

Itai Palti’s Conscious  
Cities movement is 
rethinking the urban 
landscape using 
neuroscience, AI and 
human-centred design.  
Is this the future of 
architecture?
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Neuroscience for Architecture (ANFA) 
was founded in 2003 — but in marrying 
it to the opportunities of smart cities, he’s 
tapped into the zeitgeist. The Conscious 
Cities movement resonates with an array 
of current concerns, from wellbeing 
and mental health to techno-optimism 
and our darker fears about the unseen 
agendas we are hardcoding into an AI-
driven world. The first Conscious Cities 
conference in London in 2016 attracted 
about 80 people and featured a keynote 
from MIT’s Carlo Ratti; in 2019, there 
will be 15 different events in New York, 
Bangalore and Rome with 200 speakers 
and an expected audience of 2,000. 

Neuroscience is the study of the brain 
and nervous system, though the broader 
definition encompasses human thoughts, 
emotions and behaviour. Using novel 
technologies such as virtual reality and 
portable brain mapping, it promises to 
show how aspects of cities or buildings 
contribute to health and wellbeing, 
and quantify and refine concepts such 
as productivity and quality of life. To 
that end, researchers have devised 
ingenious experiments to monitor stress 
levels as people walk through urban 
environments, for example, or measure 
how smartphones have damaged our 
ability to navigate street layouts. 

The places that Palti wants to create 
are conscious in two ways. They would 

be designed with a social conscience, 
and they would be sentient — aware of 
and responsive to their inhabitants. The 
link, he explains, is the dialogue between 
people and their environment: “How 
do we initiate that through the design 
process, and how do we keep it going?” 

Palti is based in Tel Aviv but he travels 
a lot, spreading the word at events and 
through collaborations such as Urban 
Thinkscape with Temple University, 
a playground designed to stimulate 
interaction and learning in west 
Philadelphia. As well as a think tank — 
The Centre for Conscious Design — he 
has set up a design practice, Hume, 
which applies insights from its in-house 
Human Metrics Lab on projects as a 
proof of concept. He is a graduate of the 
Bartlett School of Architecture at UCL 
and works with institutions including 
Harvard, Brookings, ANFA and the 
Centre for Urban Design and Mental 
Health. “I don’t really split my time — the 
boundaries between my professional 
and personal interests and the different 
activities I do are very fluid and blurry.  
I’m interested in what I can offer to make 
a positive impact in the world and I guess 
that materializes in my work.” 

Palti’s ambition is sweeping social 
change, but it’s very much a movement 
rather than a one-man crusade: “I would 
like to change the way that we build, or 

I would like to at least contribute to the 
cultural change that needs to happen 
in order for us to have the right set of 
priorities. The more I succeed the better, 
but I can’t do it alone, for sure.”

He has, he admits, a love-hate 
relationship with architecture as a 
profession. He knew he wanted to be 
an architect when he was as young as 
12 — “I was curious about it, I probably 
felt that it would keep me interested” 
— and has never seriously considered 
doing anything else. But he quickly 
became disillusioned with a profession 
that slavishly perpetuates the work of 
starchitects and proposes answers rather 
than asking questions. “I think there’s a 
humility that perhaps it has forgotten, 
partly because of the amount of power 
it has been given in the past.” As that 
power diminishes in a world that values 
evidence above intuition, the architectural 
conscience has become a casualty of an 
industry that prioritizes profit over people. 
“Architects come into the world with a 
sense of social agency, but it dissipates. 
They become an agent of their client, 
often unwillingly, rather than an authority 
that questions whether a project will have 
a positive impact.”

Asking questions is perhaps one of 
Palti’s defining traits. He first sought out 
Professor Moshe Bar, head of the Gonda 
Multidisciplinary Brain Research Center 

“ARCHITECTS COME INTO THE WORLD WITH A SENSE OF SOCIAL 
AGENCY, BUT IT DISSIPATES. THEY BECOME AN AGENT OF THEIR CLIENT, 
OFTEN UNWILLINGLY, RATHER THAN AN AUTHORITY THAT QUESTIONS 
WHETHER A PROJECT WILL HAVE A POSITIVE IMPACT”

P52
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at Bar-Ilan University, when he was 
writing his Masters thesis on curiosity. 
Why curiosity? “As an Israeli, you are born 
into an identity intertwined with conflict, 
often trying to understand your role in the 
situation: what is it that you can do? So 
my thesis project aimed to bring together 
the Jewish and Arab communities in Tel 
Aviv and Jaffa. When I started looking 
into empathy, there seemed to be a 
very strong link to curiosity, as a tool for 
encouraging people to understand the 
experience of the other.” Dissatisfied with 
architectural answers, he went looking 
elsewhere and became intrigued. “The 
deeper I went, the more I was drawn 
into understanding how we can even 
objectively talk about seemingly elusive 
topics like curiosity and empathy.” 

Palti believes behavioural science offers 
architecture a way to rediscover its lost 
agency. “It gives us really valuable tools to 
augment or correct our intuition. It offers 
evidence to inform our decisions but also 
to back them up in conversations with 
stakeholders. The fact that architecture 
didn’t seem to be acting on that was the 
real source for the manifesto, and all of 
the work I’ve done since then.”

A conscious design process would be 
influenced by scientific evidence and by 
new knowledge about how we interact 
with each other and our environment. 
“Design is a decision-making process 
with many different choice points. By 
informing those decisions with science, 
you get a very different outcome because 
you’re referring to a body of knowledge 
that you wouldn’t otherwise have.” 

For example, our understanding of 
lighting is maturing from a broad-stroke 
“daylight is good” to exactly how much 
and what it’s good for. But how we use 
that knowledge will depend on the 
brief: “At the core of a strategic brief 
lies the value system that informs it. 
Let’s call it an agreement of intention 
between the client and architect. So do 
we design shopping malls without any 
daylight because that’s what encourages 
consumption, or do we prioritize 
the wellbeing of the people and put 
windows in?” 

The next step is to embed smart 
technologies in the urban environment 

to collect information about how well 
a place is performing against human 
metrics and, more ambitiously, enable 
it to reconfigure itself to perform better. 
That might mean dialling down visual 
stimuli such as advertising or street 
clutter if the inhabitants are exhibiting 
signs of stress, adding opportunities 
for play when children are likely to be 
present, or stimulating social interactions 
among older people. 

The awareness side is developing 
quickly — cities already produce and 
gather a wealth of data about their 
inhabitants’ locations, routes, habits 
and emotions. Equipping the physical 
environment to act on this will take 
longer. But the biggest obstacle that 
Palti sees are the cultural values. “I think 
a conscious city is going to happen 

because that’s where technology is 
leading us. But technology has a way of 
guiding human behaviour to bad habits. 
If we continue to prioritize economic 
growth over human wellbeing or 
planetary health, those are the values that 
the Conscious City will perpetuate.” 

Urban Thinkscape is the most complete 
example of the Conscious Cities 
approach so far. Palti was contacted by 
Kathy Hirsh-Pasek at Temple University, 
a pioneer of “playful learning”, which uses 
the science of play to improve learning 
outcomes. Realizing that children spend 
only 20% of their waking time in school, 
she wanted to create a place that would 
stimulate curiosity and interaction. 
“What especially drew me to that project 
is that it has a very strong focus on 
impact assessment — on understanding 

whether what we did was effective or 
not, using indicators related to healthy 
child development. It had everything that 
Conscious Cities talks about: informing 
the design process through science 
but also creating a dialogue between 
environment and user so that the 
environment can keep improving itself.”

At its most dystopian extent, what’s 
to stop a Conscious City turning on its 
inhabitants, like Terminator’s Skynet or 
the Matrix? “I think it’s a very healthy fear 
for us to talk about. There’s definitely 
a dystopian aspect to it because we’re 
talking about control a lot of the time.”

The video introduction to Conscious 
Cities begins with Frankenstein for a 
very good reason, he says, “because 
if you don’t know what you’re giving 
life to, you’re unlikely to know how 
your interaction with it is going to be. 
In a way, Conscious Cities was set up 
so that we’re not entering the future 
blindly, but actually asking what kind of 
consciousness we’re creating. A lot of the 
time, it ends up being a critique of smart 
cities that are not guided by values but by 
innovation or technology in itself. It’s our 
responsibility to start asking why we’re 
doing it, and if we’re doing it right.”  

FIVE PLACES THAT INSPIRED THE CONSCIOUS CITIES MOVEMENT 

1  

The streets of Tel Aviv
“Tel Aviv is the real 24/7 city, and not necessarily in 
the commercial, greedy sense. When I started visiting 
as a teenager, I was in awe of the amount of life on 
the streets, day and night. People weren’t just rushing 
around from place to place, they were living out their 
lives in the boulevards, spending time with their friends 
or holding meetings in outdoor cafes. You can see 
people behave in a casual, homely manner all around 
the city. When you notice a couple sitting on a bench 
with their teapot and mugs brought down from home, 
you know the boundary between home and street has 
been blurred. To me, that is a characteristic of a city 
whose people feel a sense of belonging.” 
 

2  

UK suburbia 
“Growing up in British suburbia taught me that 
sometimes inspiration comes from what’s missing. 
Most of my childhood was spent in a typical suburb, 
the type that forces dependence on cars and, as a 
child, on anyone with a car. It meant living far from 
your social network and from the stimulation you seek 
out, especially as a curious child or teenager. The lack 
of serendipity — something that suburbs purposefully 
engineer out — imposes boredom on a vast chunk of the 
population, and this is repeated throughout the world. 
I understand the decision of parents to move their 
families to seemingly safer environments, but it also got 
me asking: why couldn’t lively cities also be a place for 
families to grow in safety and prosperity?”

  3  

City hopping in Europe
“We often forget that the old cities we treasure grew 
organically and informally. Before university, I wanted 
to travel but had little money to do so, so I bought a rail 
ticket that allowed me to jump from city to city around 
Europe. I was consistently drawn to the parts of cities 
with what we call a human scale, areas that developed 
before rigid planning laws and guidelines. The layering 
of history, the looseness of urban grids, and sometimes 
even the humble cooperation with a local aesthetic were 
qualities that drew me, often away from reconstructed 
or modern parts of cities. I looked for these similarities 
between cities and found patterns in the relationship 
between people and place that profoundly shaped the 
way I later observed architecture.”
 

4 

Future Systems’ unbuilt National Library in Prague
“During my master’s degree I worked at Future 
Systems, with Jan Kaplický. Jan was a big influence on 
my professional development: he taught me to keep 
on questioning norms in architecture, and in culture 
at large. When he passed away in Prague in 2009, he 
was embroiled in a political battle around his design 
for the new National Library for the Czech Republic. I 
saw very closely the difficult position he was placed in, 
and it made me acutely aware of the fact that you can’t 
divorce architecture from politics. We have to accept 
that architecture is there to reflect values, and see it not 
just as a responsibility, but also an opportunity. I think 
it’s better to engage rather than disengage.” 
 
 

5  

Basilica of Saint Francis of Assisi, Italy
“Jonas Salk, who discovered the polio vaccine, attributed 
his discovery to a 13th-century Franciscan monastery 
in Umbria. He had reached a dead end in his research 
in California and decided to spend some time in the 
monastery. He later explained that the qualities of that 
environment supported his creativity and led him to new 
insights. Away from his lab, he developed a hypothesis 
for creating a vaccine, which he tested on return to find 
it was correct. Later, he asked the architect Louis Kahn 
to design a space that supported creativity in the same 
way as the monastery, and that’s what inspired the Salk 
Institute in California. I think Salk’s story is a really good 
example of attributing something very specific, a very 
influential turning point in life, to a space.”

“THERE’S DEFINITELY A DYSTOPIAN ASPECT TO IT BECAUSE 
WE’RE TALKING ABOUT CONTROL A LOT OF THE TIME”

P11

Left “More than a 
playground” — the 
Urban Thinkscape 
project in west 
Philadelphia
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W e are living in a time of 
unprecedented visual distraction. 

In the modern urban environment, our 
attention has to battle with myriad 
layers of signage and communication — 
some useful, some not — from billboard 
advertisements to traffic lights. At the 
same time, an even more pervasive 
source of visual pollution can be found in 
our own hands. The constant drip, drip, 
drip of digital diversions originating from 
our smartphones and other devices is 
reshaping how our minds behave and 
function, and how we perceive the world 
around us. 

Does this matter? And if it does, how 
do we regain control of our sensory 
experience in urban environments? The 
effect that the built environment has on 
our brains is the subject of a growing 

field of study, combining insights from 
disciplines such as neuroscience, 
psychology, architecture and philosophy. 
By understanding how places influence 
our thoughts, feelings and behaviours, 
the theory goes, we’ll be able to better 
design cities that can make people 
healthier and happier. And while our 
screens may be part of the problem, 
those ubiquitous digital devices also offer 
solutions. For example, the Conscious 
Cities movement, founded by architect 
Itai Palti and neuroscientist Moshe Bar, 
seeks to shift the focus of urban design 
from efficiency to effectiveness. By 
drawing on advances in data analysis, 
artificial intelligence and behavioural 
science, a “conscious city” would be more 
user-centric, responding dynamically to 
occupants’ needs. Bridging city-building 

with neuroscience and technology, Palti 
contends, “presents an opportunity to 
raise the intelligence of our surroundings 
and improve our wellbeing”. 

A cognitive machine

The relationship between humans 
and buildings is far more complex and 
deep-rooted than simply one of shelter, 
or even of home. In fact, some cognitive 
scientists have come to believe that the 
distinction between mind, body and 
environment is an arbitrary one. The 
philosophical concept of the “extended 
mind” holds that we recruit aspects of 
our environment to support cognitive 
function. Rather than our minds being 
limited to the boundaries of the individual 
person, they extend outwards to include 

WORDS BY MARK BESSOUDO

Ill
us

tr
at

io
ns

 M
ic

ha
l B

ed
na

rs
ki

Smartphones are all-consuming vampires, sucking our mental energy and 
leaving city dwellers disoriented and alienated. But they’re here to stay —  

so how can urban designers use their immense power for good?
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manmade tools, technology, buildings, 
even entire cities — an idea that suggests 
that visual distractions could have wider 
implications than mere annoyance. 

“The architecture that we create isn’t 
just an extension of one mind — it’s 
what allows multiple minds to come 
together,” says Alan Penn, dean of the 
Bartlett Faculty of the Built Environment 
at University College London. “It’s the 
way that we become more than just the 
individual to become a social group, and 
there’s a sort of social intelligence that 
emerges out of that.” 

This may sound like a way-out idea 
but it’s backed by a growing body of 
literature. Penn’s research focuses on 
how spatial characteristics of the built 
environment — the degree to which it 
brings people together or keeps them 
apart — influences patterns of social 
behaviour. By his account, the history 
of human civilization offers many clues 
as to how our social and urban systems 
have co-evolved. The earliest known built 
settlements were constructed around 
10,000 years ago in the Anatolian plateau 
in Turkey, and Penn believes that they 
were the catalyst for a series of very 
rapid advances in society, such as writing 
and currency. His argument is that the 
invention of buildings and cities created 
a new layer of “cognitive machinery” 
beyond the individual brain and body, 
which allowed a collective intelligence 
to develop. This, in turn, informed how 
buildings and cities were constructed. 
It’s a positive feedback loop. Brain and 
building, building and brain. Or as Penn 
puts it, “The DNA of the social world is 
encoded within architecture.”

Moreover, he suggests that the degree 
to which we can see one another, and 
whether we’re constrained by whom we 
can see, has played a role in the evolution 
of empathy and imagination. “At its most 
fundamental level, empathy depends 

upon perception,” Penn argues in a 
2018 paper. “We have to see, or possibly 
to hear, others in order to view things 
from their point of view. Building a wall 
constrains who can see whom, and so 
can constrain the potential for empathic 
relationships.” 

Visual pollution

Perception is a more complex 
process than simply seeing, as it also 
involves deriving meaning. What our 
attention is drawn to, both consciously 
and subconsciously, plays a role in 
interpretation. Our brains selectively 
process visual information, prioritizing 
particular areas in our visual field. This 
is known by cognitive neuroscientists as 
“visual spatial attention”. 

So what happens when our senses 
are distracted and overloaded with 
extraneous information, as is the case in 
busy urban centres? When we encounter 

a typical scene in an urban setting — a 
crosswalk, an intersection, a doorway, 
a building facade — our visual spatial 
attention must work overtime. And in a 
modern city, our attention has to battle 
with other visual impairments that 
scream for our attention, spewing out the 
cognitive equivalent of toxic smoke, or 
“visual pollution”. 

What exactly constitutes visual 
pollution is difficult to define since 
it is largely dependent on personal 
preference, judgement and opinion. 
Even when it can be agreed that visual 
pollution is present, quantifying the 
magnitude of it is still difficult. But any 
city dweller will recognize the sensation 
of being bombarded by visual stimuli. 
Advertisements jostling for our attention 
are a ubiquitous, even defining, feature 
of urban life. And it’s getting worse. 
Revenues from print, radio and television 
ads have been in decline for years as our 
attention moves online, but billboards 
are bucking the trend. According to the 
Out of Home Advertising Association 
of America, billboards have hit a record 
high in the US, for example, with revenue 
growth for 35 consecutive quarters.  
Their even more visually demanding 
digital versions now account for almost 
one-third of revenues. 

Or rather, almost ubiquitous. In an 
attempt to regain control of urban 
sensory experience, some places have 
proactively reduced visual pollution by 
imposing restrictions on the location, 
size and number of advertisements and 
billboards. In 2006 São Paulo, Brazil — 
South America’s largest city — became 
the world’s first city to go ad-free. Its 
Clean City Law banned billboards, 
limited signs on storefronts and 
prohibited advertisements on taxis and 
buses. In the first year, 15,000 marketing 
billboards were taken down and 
businesses were given 90 days to remove 
300,000 ostentatious shop signs or face 
a fine. Dozens of other cities and states, 
from Alaska to Hawaii to Moscow to 
Chennai, have also instituted some form 
of restriction on outdoor advertising. 

Now consider that São Paulo’s ban on 
outdoor advertising was implemented a 
year before the first-generation iPhone 
was released to the market. For the last 
decade the technology industry has 
been ruled by smartphones and mobile 
apps with the single goal of capturing 
our attention. But screens haven’t 
just achieved this: they’ve completely 
conquered most of our cognitive 
capacity, leaving us more scatterbrained, 
unfocused and anxious than ever. The 
US is suffering from a “national attention 
deficit”, according to Richard Davidson, 
neuroscientist at the University of 
Wisconsin-Madison and founder of the 
Center for Healthy Minds. Humans are 
better able to voluntarily regulate their 
attention than other species — a key 
trait that sets us apart — but attention-
grabbing devices subvert this. 

A 2017 study of 800 smartphone users 
by the University of Texas at Austin 
found that their cognitive capacity 
was significantly reduced when their 
devices were within reach — even when 
they were switched off. “It’s not that 
participants were distracted because 
they were getting notifications on their 
phones,” said Adrian Ward, assistant 
professor at UT’s McCombs School of 
Business. “The mere presence of their 
smartphone was enough to reduce 
their cognitive capacity.” Whether the 
phone was on or off, lying face up or face 

down, if it was within sight or easy reach 
reduced the subjects’ ability to focus and 
perform tasks. “Your conscious mind 
isn’t thinking about your smartphone, but 
that process — the process of requiring 
yourself to not think about something — 
uses up some of your limited cognitive 
resources. It’s a brain drain.” 

And there is plenty of evidence that 
smartphone dependency is changing 
our spatial cognitive abilities, especially 
as we outsource our intuitive navigation 
skills. The use of mapping apps 
encourages “head down” navigation 
behaviour and therefore less engagement 
in our immediate surroundings. A 
2017 University College London 
study published in the journal Nature 

Communications scanned participants’ 
brains as they navigated through a film 
simulation of London’s Soho, either 
making their own decisions or being 
guided by a GPS. When they were 
passively following directions, crucial 
brain areas didn’t fire. 

“If you are having a hard time 
navigating the mass of streets in a city, 
you are likely putting high demands 
on your hippocampus and prefrontal 
cortex,” explained senior author Dr Hugo 
Spiers, a reader in neuroscience in UCL’s 
Department of Experimental Psychology. 
“Our results fit with models in which 
the hippocampus simulates journeys on 
future possible paths while the prefrontal 
cortex helps us to plan which ones will 

“The mere presence of the participants’ smartphones was 
enough to reduce their cognitive capacity”  
Adrian Ward, University of Texas at Austin

“The architecture that we create isn’t just an extension of one 
mind — it’s what allows multiple minds to come together”  
Alan Penn, University College London

Below Some researchers believe that the earliest human settlements, such as Göbekli Tepe in 
Turkey, founded more than 10,000 years ago, created a new layer of “cognitive machinery” and led 
to the development of social systems such as writing and currency 
Bottom Walking around an urban environment means processing many different types of visual 
information. When we encounter typical features such as a crosswalk or intersection, our brains 
must work overtime
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at on their smartphone. To accomplish 
a better kind of wayknowing, tech 
giants are starting to build a new digital 
landscape, one that relies less on the 
visual and more on the audible and tactile 
(or “haptic”). Emerging “conversational 
interfaces” such as Apple’s Siri rely on 
voice assistants, in-ear technologies and 
wearables that can provide more of a 
heads-up experience of navigation. For 
example, with Google Maps on Apple 
Watch you can listen to turn-by-turn 
pedestrian directions. Google is also 
starting to add haptic feedback features 
(ie, vibrations) to let you know not only 
when to turn, but in which direction: 
three vibrations for a left turn, two 
vibrations for a right. 

This approach to wayknowing clearly 
offers benefits to people with special 
needs. For example, it could provide 
visually impaired people with the 
ability to navigate unfamiliar indoor 
environments with greater independence. 

get us to our destination. When we have 
technology telling us which way to go, 
however, these parts of the brain simply 
don’t respond to the street network. In 
that sense, our brain has switched off its 
interest in the streets around us.” 

From wayfinding to wayknowing

So what’s to be done? As a society 
we’re still trying to figure out how best 
to deal with the intrusion of technology 
into our daily lives. But we also need to 
acknowledge that these technologies 
aren’t going away, and find ways to turn 
their strengths to our advantage. 

“Smartphones are one of the best 
— maybe the best — human-machine 
interfaces that we currently have,” says 
Jay Wratten, smart building strategist at 
WSP. Better interfaces will emerge in the 
near future, but for now, smartphones 
open up socially advantageous ways for 
people to interface with various systems 
and services — from entertainment to 
transportation to governance. 

Many of the potential benefits of 
smartphones in potentially stressful 
settings such as airports or busy city 
streets have nothing to do with the 

screen. Smartphones can be proxies 
for people within smart buildings, says 
Wratten, providing data that can be used 
to improve the user experience without 
measuring or surveying occupants 
themselves. So, for example, a building 
could identify where people are located, 
how long they spend in those areas and 
what the temperature is.

Data-driven design, often abbreviated 
to D3, uses analysis of building systems 
data alongside occupant feedback to 
make buildings more responsive and 
adaptive. WSP is currently working on a 
smart building retrofit of San Francisco 
International Airport using the D3 
concept. One of the primary goals is to 
use traditionally neglected data sets in 
order to improve passenger experience. 
For example, can Uber and Lyft drop-
off densities at the departure gate be 
used to help passengers predict waiting 
times at security? Can flight arrival 
and departure data be integrated into 
building management systems to better 
improve thermal comfort? 

To better understand how digital 
technology can be harnessed to improve 
experience in the built environment, it 
helps to take a step back and consider 

Computer vision-based wayfinding aids 
such as the Blind Launcher app use 
algorithms that can detect maps and 
objects such as doors and elevators, as 
well as optical character recognition 
(OCR) software that recognizes text 
and signage. This information is then 
conveyed to users through a combination 
of auditory and tactile feedback. 

Of course, not all solutions to 
wayfinding are technology-based. Some 
are aesthetic, and defiantly low-tech. 
When signage is well-integrated into 
the local vernacular, it can be a defining 
part of urban character — and serve 
as memorable visual markers. Take, 
for example, the ubiquitous hand-
painted advertising found in Oaxaca, 
Mexico. Across Latin America, walls 
and buildings have become a canvas 
advertising everything from local events 
and small businesses to national brands 
and multinational corporations. Oaxaca’s 
unique style of colourful graphics and 

something as commonplace and 
low-tech as wayfinding. At its most 
fundamental level, wayfinding can be 
thought of as a tool for spatial problem-
solving: helping people understand 
where they are, where they want to go, 
and how best to get there. It’s important 
because spatial awareness is a key 
predictor for whether people have a 
positive or negative experience of a place. 
This is particularly the case in complex 
or high-stress environments — the very 
places that impose the greatest cognitive 
load — such as campuses, airports, city 
centres and hospitals. 

The modern concept of wayfinding 
was first introduced in the 1960 book 
The Image of the City by American urban 

bold typography exemplifies the best 
of this type of vernacular branding, 
elevating its streetscapes into an artform. 

From this perspective, the goals of 
reducing visual distraction and making 
cities more legible could be in conflict. 
After all, one of the greatest annoyances 
for those who would rid our city streets of 
clutter is excessive signage. On the other 
hand, eliminating all visual distraction 
would result in lifeless cityscapes, 
devoid of character and impossible to 
navigate. Like any design criteria, the 

theorist Kevin Lynch. But it has only 
been in recent years that designers have 
had the ability to transcend traditional 
visual communication methods and 
explore smarter ways of helping people 
get from A to B. What’s emerging is 
a new approach to wayfinding that 
merges physical signage with data, 
using technologies such as smartphone 
apps, indoor positioning systems and 
wearables, to offer a more personalized, 
intuitive experience. It is an approach 
that integrates directions with real-time 
information about the conditions of the 
journey and the destination. Think less 
“wayfinding” and more “wayknowing”.

This isn’t just a matter of providing 
people with more information to look 

new insights provided by this emerging 
discipline need to be applied sensitively 
and intelligently. Creating places that 
are better for people doesn’t require 
blindly buying the latest consumer 
gadgets or haphazardly adopting the 
newest technologies. Similarly, it can’t be 
achieved by neglecting all commercial 
interests or spurning new innovations. 
It’s a balancing act that will present many 
fresh challenges and dilemmas for urban 
designers. Overall, though, it’s a very 
exciting problem to have.  

“When technology is telling us which way to go, parts of the 
brain [that deal with navigation] simply don’t respond. Our brain 
has switched off its interest in the streets around us”  
Dr Hugo Spiers, University College London

The US is suffering from a “national attention deficit” 
Richard Davidson, University of Wisconsin-Madison

Right New York’s 
iconic — and very 
visually demanding 
— Times Square.
Billboard advertising 
has hit a record 
high in the US, with 
revenue growth for 35 
consecutive quarters

Right Visual pollution 
or a vital component 
of identity? In Oaxaca, 
Mexico, ubiquitous 
hand-painted signage 
has been elevated to 
an artform
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A irborne contaminants have been 
the scourge of built-up areas for so 

long that our towns and cities don’t just 
suffer from air pollution — they have been 
actively shaped by it. 

As the philosopher Friedrich Engels 
noted back in 1845, for example, 
wealthier suburbs are more usually built 
on the western side of English cities 
to avoid pollution drifting east on the 
prevailing wind. Similarly, well-to-do 
“folks who live on the hill” are there 
because they can afford to breathe air 
that is fresher than in the valley below.

In Engels’ time there was little in the 
way of scientific analysis of air, the 
contaminants it contained and the harm 
they could do: coughing, breathlessness 
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Air pollution kills more than 4 million people every year.  
How do we stop our towns and cities from choking?

WORDS BY TONY WHITEHEAD
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and short lives were enough to persuade 
people that dirty air was worth avoiding.

Today, though, we do have the data, and 
it is not pretty. According to the World 
Health Organization, an astonishing 
91% of the global population breathes 
air that fails its air quality targets. For 
city dwellers, the situation is even worse, 
with pollution in developing cities up to 
15 times higher than guideline levels. 
Poor air quality is blamed for 4.2 million 
premature deaths annually, from health 
conditions such as heart disease, strokes, 
respiratory illnesses and cancer.

Pollution comes from many sources 
and takes many forms (see table). The 
most commonly measured are NOx 
gases — nitrogen oxides formed by 
combustion — and PM2.5, particulates 
with a diameter of less than 2.5 microns, 
also formed by combustion. In essence, 
the solution would seem simple: stop 
the emitters from emitting. In practice, 
things are more complicated. Discovering 
which pollutants are emitted by what, for 
example, is seldom straightforward. 

“Even when you are measuring 
pollution at an individual chimney stack, 
you have to know what you are looking 
for — it is not always obvious,” says Lisa 
Ramsay, air quality specialist at WSP 
and research fellow at the University of 
KwaZulu-Natal in South Africa. “So you 
look at the processes involved, deduce 
what pollutants could be produced, and 
then measure for them. Once you know 
what you are dealing with, you can advise 
on modifying the process to produce 
less pollutants, or suggest mitigation 
measures such as filters for particulates 
or scrubbers for unwanted gases.”

Conflicting agendas

It is a logical and effective approach. 
Applying it citywide is challenging, 
however, not least because, when 
there are so many potential sources 
of pollution, it is tempting to make 
unsupported assumptions about who or 
what are the biggest polluters. “Traffic 
is often seen as a major culprit, partly 
because you can actually see pollution 
exiting tail pipes, and because we all 
travel by car, we all feel responsible.  

“You could take the view that it is the fortunate classes 
 breathing cleaner air who have the luxury of focusing 
   on climate change regulation” Lisa Ramsay, WSP
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What’s the problem? The main pollutants, their sources and effects
 Sources Effects

Nitrogen oxides (NOx) 
Road transport

Burning fossil fuels for power and heating
High levels cause inflammation  

of the airways
Long-term exposure can decrease  
lung function, increase the risk of 

respiratory conditions and increase 
 the response to allergens

Contributes to the formation of fine 
particulate matter (PM) and ground-

level ozone

Sulfur dioxides (SOx)
Burning coal and oil

Shipping fuel
Major cause of acid rain

Reacts with other pollutants to encourage 
formation of PM

Particulates less than 
2.5µm in diameter 

(PM2.5)

Combustion, especially of coal, waste 
and oil

Diesel engines
Dust from industry and construction sites

Vehicle tyres and brake linings

Particles can penetrate lungs and enter 
bloodstream leading to multiple effects 
including increased risk of strokes, heart 

disease and lung cancer

Ground-level ozone (O3) 
— a major component 

of atmospheric/
photochemical smog

Usually formed by reaction of NOx with 
volatile organic compounds (VOCs) in the 

presence of sunlight

Causes irritation to the respiratory tract 
and eyes, chest tightness and wheezing, 
especially among those with respiratory 

and heart problems

Carbon monoxide (CO)
Combustion, especially inefficient 

combustion for heating or power, and 
vehicle exhaust

Prevents the uptake of oxygen  
by the blood

High levels lead to a reduction in 
the supply of oxygen to the heart, a 

particular risk for people suffering from 
heart disease

Getting on the bus rather 
than taking your car has 
long been a tenet of green 
city living — an orthodoxy 
that is somewhat challenged 
when you look at the 
greatest sources of NOx and 
particulates in many major 
cities. Although there are 
far fewer buses than cars, 
their large diesel engines, 
combined with stop-start 
journeys and idling at stops, 
means that a city’s bus 
fleet can produce more 
pollution than all its petrol 
cars combined. Of even 
greater concern might be the 
fact that a disproportionate 
amount of bus emissions 
occur when the bus is leaving 
a stop — so those waiting for 
the next bus can experience 
up to 150 times the pollution 
levels of pedestrians just a 
block away.

Cleaner diesels, hybrids 
and gas-powered buses are 
improving the situation for 
those cities able to adopt 
them. Cleanest of all, with 
virtually zero emissions, are 
electric buses. Replacing the 
oldest, dirtiest buses with 
electric models can be one 
of the quickest and most 
effective ways to reduce 

both NOx and particulates in 
city streets.

“So far the main barrier 
preventing cities from doing 
this is the upfront cost,” 
says Nick Albanese, an 
expert in electric transport 
with BloombergNEF. “At 
between US$570-870,000, 
they are around $250,000 
more expensive than diesel 
equivalents. For this reason 
their adoption has been 
limited to places like China, 
California and Europe where 
government subsidies have 
made up the difference.”

They also require charging 
infrastructure. Newer 
electric buses have 350kWh 
batteries with a range of 
more than 200 miles, enough 
for a whole day of journeys, 
before they are charged 
overnight in the depot. 
“These are the pricier buses,” 
says Albanese. “Cheaper, 
lower range models can still 
be useful for shorter routes.”

Another way of dealing 
with range issues is to install 
wireless induction charging 
technology — for example, 
at bus stops — so buses can 
pick up a charge along with 
passengers. Chattanooga in 
Tennessee is one of a limited 

number of cities adopting 
this technology. “In general 
this kind of infrastructure is 
expensive and charging tends 
to be slower,” says Albanese. 

Such innovations could 
soon be superseded by rapid 
improvements in batteries. 
“Battery costs have reduced 
by over 85% since 2010. The 
technology is also better. 
Some municipalities were 
concerned about batteries 
not performing well in cold 
weather, for example, but 
many of these concerns 
have now been addressed by 
manufacturers.”

Currently some 99% of 
the world’s electric buses 
are operating in China, 
where they comprise 18% 
of all buses, according to 
BloombergNEF’s 2019 
Long-Term Electric Vehicle 
Outlook. In comparison, 
electric buses represent 
just over 1% of all municipal 
buses in Europe. The UK now 
leads the way with 381 buses, 
narrowly overtaking the 
Netherlands, which has 371. 

The picture is changing 

swiftly, however, and by 
2030 Albanese believes 
things will look very 
different. “Technological and 
manufacturing improvements 
mean that price parity with 
diesels should occur around 
2030 or perhaps even earlier. 
That will be a game-changer.” 
Major regulatory moves will 
also put far more e-buses 
on our roads: California 
has said that all new buses 
procured by cities must be 
zero emission by 2029, and 
the EU wants 33% of buses 
to be “clean” by 2030. Many 
cities, including London and 
Amsterdam, are imposing 
stricter targets.

Ironically, says Albanese, it 
is the rapid improvement in 
technology that is delaying 
adoption of electric fleets 
in some areas. “Cities are 
calculating that electric 
buses will soon be cheaper 
and better, so they think 
they will wait until they are 
better value.”

For those queuing for the 
bus, however, the wait will not 
be a pleasant one.

TAKE THE (ELECTRIC) BUS
Replacing old fleets is one of the quickest routes to cutting pollutants

But it has to be put in context. In India 
as a whole traffic only just makes it into 
the top five sources of pollution — coal 
burning is much worse.”

It is important not to generalize about 
the traffic itself, she adds. “Petrol cars are 
not the big emitters they were. They still 
emit NOx and carbon monoxide (CO), but 
in tiny amounts compared with the levels 
that existed before catalytic converters, 
and also compared with most diesels. Big 
diesels, like truck and bus engines, are 
by far the biggest particulate emitters on 
the roads.”

Getting people out of their cars may still 
be desirable. It will help with congestion, 
and from a global warming perspective, 
it will reduce a city’s carbon footprint. 
As a way to reduce NOx and particulate 
pollution, however, there might be 
easier wins and better targets, such as 
regulating bus engines (see box, right).

As Ramsay says, it is a question of 
seeing the problem clearly: “Just as 
there is confusion about global warming 
and the ozone layer, there is a vast 
amount of confusion about pollution and 
global warming — about, for instance, 
addressing carbon dioxide (CO2) and  
CO emissions.”

For the record then, CO2 is a significant 
greenhouse gas, but not a significant 
pollutant, in that it has no adverse 
health effects in itself. CO, produced 
by machines such as vehicles and gas 
boilers, is a pollutant and does impact 
on health. 

“It’s not uncommon for greenhouse 
gas reduction and air pollution agendas 
to come into conflict,” explains Ramsay. 
“Stack abatement filtration systems 
reduce particulates but they can be 
energy-intensive. Alternatively, burning 
methane from landfill to create energy is 
good from a global warming perspective, 
but there are emissions of health-
impacting air pollutants such as sulfur 
dioxide (SO2) and NOx during the power 
generation process.”

A meteorologist by training, Ramsay 
stresses that global warming absolutely 
needs to be addressed. But she adds: “If 
you live in a very polluted city, as millions 
of people do, especially in developing 
countries, then pollution is seriously 

Above An electric bus rolls off the production line in Tianjin — 
99% of the world’s electric buses currently operate in China
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Many of the world’s biggest cities 
are ports, which presents a very 
particular set of air pollution issues. 
Ship fuel oil contains 3,500 times 
more sulfur than diesel — so 
while shipping accounts for only 
2% of global carbon emissions, it 
produces 13% of sulfur emissions. 
Sulfur dioxide pollution can be 
a problem in busy waters, and 
onshore breezes bring sulfur oxides 
(SOx) into coastal cities.

For this reason, burning high 
sulfur fuel has been banned in 
the Baltic since 2015. To enforce 
compliance, sniffer drones — 
described as “breathalyzers for 
ships” — have been developed to 
inspect ships on the move. Results 

have been impressive: an 88% 
reduction of SOx in the Baltic. 
Areas including the North Sea and 
Mediterranean have followed suit 
and seen similar improvements. 

New problems arise once a 
ship has docked and switched to 
auxiliary power. “These generators 
are usually diesel, and run all the 
time the ship is in harbour,” says 
Emre Aydin, senior air quality 
consultant at WSP in Gothenburg, 
Sweden. “Cruise ports such as 
Venice have recorded very high 
nitrogen oxide and particulate 
readings largely because of this.” 

One alternative is to crane 
onto the ship a container-sized 
generator powered by liquid 

natural gas. A better solution is 
onshore power supply (OPS), 
though this presents difficulties of 
its own. “Connecting a ship to the 
grid solves the problem, but this 
can be challenging to organize,” 
says Aydin. Ships consume 
huge amounts of electricity — a 
5,000-passenger cruise liner can 
require several megawatts — 
which involves both high-voltage 
cabling infrastructure onshore, 
and equipping ships to connect 
to it. Scandinavian ferry operator 
Stena Line was an early adopter 
of OPS, and has now gone a step 
further, using OPS at Oslo to 
charge its latest model of hybrid-
electric ships. 

Not all air pollution at ports 
comes from ships. A concentration 
of HGVs, locomotives and 
processing industries means 
that good housekeeping is 
essential to protect local people 
from high pollution levels. “Port 
authorities need to work closely 
with meteorologists to minimize 
impacts,” says Aydin. “For example, 
dry weather and wind makes dust 
from the unloading of raw materials 
like coal or sand a major source 
of particulates. Commercially it 
is not usually practicable to wait 
until the wind changes, but you can 
deploy sprinkler systems and road 
sweepers to keep dust levels to 
a minimum.”

impacting your health right now. You 
could take the view that it is the fortunate 
classes breathing cleaner air who have 
the luxury of looking to the future and 
focusing on climate change regulation.” 
In many countries and jurisdictions, 
greenhouse gas budgets and pollution 
budgets are often managed separately. 
“But it’s vital that these issues are 
managed together and that we find 
solutions that work for both.”

Recent history is littered with examples 
of policies intended to reduce CO2 
emissions having a dire effect on air 
quality. Most notorious is the EU’s 
response to the 1997 Kyoto climate 
change agreement. Motorists were 
encouraged to switch from petrol to 
diesel cars because the greater miles 
per gallon they offered would mean a 
reduction in CO2 emissions. This was 
true, but it failed to take into account how 
much more polluting diesel engines are. 
As John Gallagher, an air quality expert 
at Trinity College Dublin attests: “A lot 
of decisions are made without thinking 
through the consequences. There was a 
big push in Ireland to use diesel during 
the financial crisis — even though there 
was no doubt that diesel was more 
polluting. It resulted in a big spike in  
NOx emissions.”

The more recent “dieselgate” scandal, 
in which Volkswagen was found to have 
deliberately misrepresented real-world 
diesel emissions from its engines, has 
only revealed the impact of the policy 
to have been even worse. While the 
pollutant output of compliant diesels 
fitted with filters is now comparable with 
petrol engines, it has been estimated 
that most diesel cars on European roads 
still produce more particulates and on 
average 30% more NOx than equivalent 
petrol models. 

Behind closed doors

Other examples are depressingly 
commonplace. In Europe, for example, 
wood-fired stoves have been marketed 
as an environmentally friendly form 
of domestic heating because burning 
wood is (arguably) carbon neutral. Their 
burgeoning popularity has, however, 

Above and left The Iceberg 
apartment complex in Aarhus, 
Denmark, by JDS Architects, 
CEBRA, SeARCH and Louis 
Paillard. The aluminium roofs 
have a light-sensitive titanium 
dioxide coating which reacts 
with NOx particles to remove 
pollution from the air

Left The V-200 “sniffer” drone from 
UMS SKELDAR is used by Danish 
authorities to monitor ships’ fuel 
emissions in the Baltic Sea. Fitted with 
a gas sensor, it flies in the plume of the 
ship to estimate the amount of sulfur

DANGEROUS CARGO
Shipping and cruise industries pose a variety of threats to port cities
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led to wood smoke becoming the 
major source of particulate pollution 
in many residential areas — a fact 
lamented by Barny Evans, head of 
WSP’s sustainable places, energy and 
waste team in London. “These issues 
also arise with wood-fired boilers for 
commercial property. Similarly, in the 
UK, we have for years been encouraged 
to use local combined heat and power 
(CHP) plants for large developments 
because they produce less CO2 than 
heating and powering large buildings 
conventionally. But CHP produces 
five to ten times the NOx emissions of 
conventional gas heating. There is a 
reason why power stations were moved 
out of cities. It seems perverse to bring 
them back to where their pollution can 
affect the greatest number of people.” 
BRE, the UK’s building science research 
centre, now seems to agree — up to a 
point — and has recently downgraded 
the credits awarded to developments for 
incorporating CHP under the BREEAM 
sustainability rating scheme. 

Evans says that this is symptomatic of 
a tendency to focus on buildings when 
seeking to mitigate CO2, and on traffic 
with regards to pollution — when, in 
reality, both are responsible for both. 
“Astonishingly, if you read almost any 
air quality strategy, they focus almost 
exclusively on vehicles,” he says. “Of 
course it is important to address traffic-
related issues, but there are limits. At the 
moment there’s no realistic alternative 
to letting diesel lorries into your city to 
deliver goods. And look at any pie chart 
of city NOx emissions: as a rule of thumb 
30% of NOx is actually coming from gas 
boilers for commercial and residential 
heating and hot water.”

He argues that while diesel use 
will have to be reduced gradually, as 
alternatives slowly become available, it 
would be possible to dictate how new 
buildings are heated almost immediately. 
“In London, we build 40,000 homes 
a year and almost all are gas-heated. 
With heat pump technology, there is 
no need, with the added benefit that 
heat pumps can act as air-conditioning 
when temperatures rise.” Housebuilders 
may quarrel with Evans’ assertion that 

BOUNCE-BACK EFFECT
Trees and hedges can mitigate pollution … but also exacerbate it

“There are always going to be cities that find it tougher than others, because of  
 their particular industrial infrastructure or local atmospheric conditions”  
  Alice Lovegrove, WSP

Above The Jubilee church in Rome by Richard Meier, completed in 2006. 
Cement manufacturer Italcementi developed a self-cleaning finish for the 
white concrete panels. Only in subsequent testing was it discovered that 
the titanium dioxide coating was also cleaning the air around it
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“An avenue of trees in a city street 
might look beautiful but, as far as local 
air pollution is concerned, they may be 
doing more harm than good.” 

John Gallagher, assistant professor in 
environmental systems at Trinity College 
Dublin, is being deliberately provocative, 
and immediately explains himself: “Of 
course, the presence of trees in cities 
is overwhelmingly positive. They provide 
shade, ameliorate the heat-island effect, 
encourage biodiversity, improve mental 
health and are aesthetically pleasing.” 
And yes, he adds, they can play a very 
useful role in mediating pollution too 
— as long as they are positioned and 
managed carefully. 

“I look at trees as physical structures 
and assess the effect they have on 
the dispersion of pollutants,” he says. 
“If tall trees with dense canopies are 
planted close together in a narrow street 
canyon, then the canopy may act as a 
green roof. It can potentially trap vehicle 
emissions at street level and restrict 
natural air flow, preventing pollution 
from escaping.” 

With the right approach, however, 
results can be positive and impressive. 
“Recent research has identified that tall, 
narrow tree canopies are more suitable 
as they allow adequate ventilation, 

and that we should prioritize low 
hedgerows along the roadside,” says 
Gallagher. “These intercept particulate 
matter (PM) and reduce exposure for 
people walking on the pavement, and 
can lead to a minimum of 14% less 
PM locally.” This is because the plants 
act as a baffle, altering airflows, either 
deflecting polluted air away from 
potential recipients such as pedestrians, 
or by slowing currents and thereby 
encouraging PM to settle out. Pollutants 
can also deposit themselves on the 
large surface area presented by the 
leaves, and plants absorb small amounts 
of nitrogen dioxide (NO2) and other 
undesirable gases by breathing them in 
through their stomata (pores), though 
the overall effect of this is small. 

To get the best from these useful 
qualities, it is vital to choose both the 
plant and its location carefully. “For 
example, a dense hedge can create a 
bounce-back effect, trapping pollution 
on the road, stopping it dispersing. That 
might make things worse for cyclists.” 

As well as vegetation, Gallagher 
has started to look at the impact of 
low walls and also parked cars. “Walls 
and cars can actually work well: they 
create a solid barrier between traffic 
and pedestrians, with cars providing 

an additional space, although gaps 
between the cars allow pollutants to 
disperse.” 

As always, says Gallagher, any 
consideration of airflow-altering objects 
must take into account local conditions 
such as the prevailing winds, the height 
of surrounding buildings and what 
the intervention is precisely meant to 
achieve: “Would you prefer a baffle or 
a barrier? Do you want to prevent or 
encourage the dispersion of PM?” 

Gallagher is part of an international 
group of scientists studying how trees 
and other objects or street features 
such as shop awnings and cafe barriers 
passively affect air pollution dispersion 
and deposition. “The difficulty for 
planners is that they cannot analyze 
every situation in depth, so we are 
developing a centralized resource that 
can be used to determine what kind 
of baffles or barriers — vegetation or 
otherwise — will meet air pollution 
mitigation requirements.” It’s a slow 
process to collate a reliable set 
of evidence, but Gallagher invites 
planners to reach out to his group in 
the meantime. This year, the group is 
also hosting a webinar series on passive 
air pollution mitigation: tcd.ie/civileng/
air-pollution-webinar-series
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By far the best way to deal 
with air pollution is to prevent 
contaminants entering 
the atmosphere in the first 
place. However, a number 
of technologies have been 
developed with the aim of 
removing pollution from 
the air.

In January, Porsche 
announced that part of the 
factory producing its all-
electric Taycan model would 
be built from aluminium 
panels coated with titanium 
dioxide (TiO2). When exposed 
to sunlight, the coating reacts 
with moisture in the air to 
“absorb” NOx by breaking it 
down into water and nitrates 
— a process known as photo-
catalysis. Porsche claims its 
126m2 of coated panels will 

be “as effective as ten trees” 
in removing NOx from the air. 

The technology first 
came to prominence in 
2007 after Italian cement 
manufacturer Italcementi 
used TiO2 additives to create 
a self-cleaning concrete. Dirt 
on the surface of the concrete 
is broken down by the same 
photo-catalytic process, and 
it was then discovered that it 
was also removing NOx. 

The jury is still out, 
however, on how far TiO2 
technology can help with air 
pollution. Concerns have been 
raised that without specialist 
drainage the resultant nitrates 
eventually wash into water 
courses where they could 
encourage algal blooms. In 
addition, the manufacture of 

TiO2 itself is associated with 
the release of toxic chemicals. 
It is also expensive, especially 
when used in concrete, where 
only the surface is active in 
removing dirt or NOx. 

Meanwhile, another 
German company, Green City 
Solutions, has developed the 
pollution-removing CityTree. 
This comprises a semi-
portable framework, typically 
covering some 4m2, densely 
packed with several varieties 
of moss, each known for its 
ability to trap particulates 
and absorb NOx. A built-in 
system delivers a controlled 
supply of water and nutrients 
to the mosses, which would 
otherwise struggle to thrive 
in polluted air. As air passes 
through the CityTree, 

particulates are trapped 
by the large surface area 
of moss. They are eaten by 
moss-friendly bacteria which 
are then themselves absorbed 
by the moss. Solar-powered 
electric fans can adjust the 
quantities of air passing 
through the moss wall — 
increasing air flow at rush 
hour, for example. 

CityTrees cost around 
US$25,000 each, and while 
they are unlikely to make 
much of an impact on a city’s 
overall air pollution problem, 
they could be strategically 
placed in highly polluted 
areas that may be unsuitable 
for actual trees. Several have 
already been “planted” in 
cities including Berlin, Beijing, 
Dresden, Paris and London.

banning gas boilers could be immediate, 
but it does seem that for cities such as 
London we might be missing an easy win.

Crisis cities

For some places, no opportunity for 
improvement can be squandered. Delhi 
has made huge efforts to improve air 
quality, but still struggles to shake off 
the unenviable title of “world’s most 
polluted capital”. In the 1990s, tuk-tuks 
(motor rickshaws) were forced to switch 
from diesel to compressed natural gas 
(CNG). So were buses. In recent years a 
new metro system has come on stream 
with 200km of track, 60 stations, and 
more planned. Delhi has even banned 
the sale of fireworks — to no avail. “I grew 
up in Delhi, and pollution is even worse 

now than it was 20 years ago,” says 
Snigdha Jain from WSP’s sustainable city 
analytics team in London. “You would 
have thought the metro would have really 
helped, but though the trains are full, it 
made almost no difference.”

While Delhi’s efforts to clean up traffic 
have worked up to a point — traffic 
emissions are down from their 1990s 
peak — the city has partly been a victim 
of its own success. “Economic growth 
means that pollution continues to get 
worse. In addition, some pollution is 
outside the city’s control, such as crop 
burning to the north in the Punjab. The 
smoke then becomes trapped in the city’s 
dense winter smogs.”

Delhi must look on enviously at what 
other cities have been able to achieve. 
Vitoria-Gasteiz in Spain has managed 

to reduce air pollution by 67% through 
a classic combination of building 
regulation, traffic regulation and urban 
greening. Montreal is another high 
achiever with a reduction of 54%. 

“People who can move out of Delhi 
do so, often to the new mixed-use 
suburban commercial developments 
which are springing up, helping to reduce 
commuting to the centre,” says Jain. “But 
this is mainly happening organically, not 
as part of any government strategy.”

The experience of Delhi illustrates the 
fact that cities are fast-changing dynamic 
entities over which, try as they might, 
mayors and urban planners can never 
exercise complete control. This applies 
to first-world cities as well as those in 
developing countries. Riverside County 
in California, for example, enjoys all the 

benefits of the state’s environmentally 
conscious government and effective 
regulations — yet routinely fails to meet 
US air quality standards, partly due to air 
currents that flow inland from the busy 
ports of Los Angeles and Long Beach. 

“There are always going to be cities that 
find it tougher than others, because of 
their particular industrial infrastructure or 
local atmospheric conditions,” says Alice 
Lovegrove, national director of air quality 
for the US at WSP. “For those cities, it 
is even more important to understand 
exactly where pollution is coming from. 
You need first-class monitoring and 
modelling to fully understand how 
pollution is affecting people.”

Like Ramsay, Lovegrove stresses the 
importance of strategies that are specific 
and informed: “There’s no one-size-fits-

all solution. If ozone is your problem, 
then you might want to concentrate on 
tackling NOx, as this encourages its 
formation. If it’s particulates, then maybe 
look at construction sites, the dust they 
make and the diesels they are using.”

 Cities that are struggling to get their 
pollution issues under control should not 
become disheartened. Though Delhi’s 
metro did not solve its pollution problem, 
the situation would undoubtedly be 
worse still without it. And, as Lovegrove 
points out, there is always more that can 
be done: “When you have picked the 
lower hanging fruit, keep looking. With 
the right information you can always 
identify what you need to do next — that 
intervention which is going to really help 
— and take your air quality strategy to the 
next level.”  

“AS EFFECTIVE AS TEN TREES”
Can building materials and biotech help to suck pollution from the air?

Above CityTrees installed in Paris. The moss-based 
framework, devised by German start-up Green City 
Solutions, filters urban air to remove pollutants

Right The Palacio de 
Congresos Europa in 
Vitoria-Gasteiz, northern 
Spain. A green belt of 
parks and natural areas 
around the city centre has 
contributed to a sharp fall 
in levels of air pollution
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THE CHALLENGE: 
CAN WE PLAN A 

REFURBISHMENT WITHOUT  
A SITE VISIT?

 
 

“How do we find out as much as we can about an 
occupied building that we’re about to refurbish 
without disrupting our tenants? We don’t want 
to annoy our customers before they vacate, with 
extensive opening up or verification works within 
walls, floors, risers and ceilings. But then when 
you start on site you’re going into the unknown 
and you only begin to uncover problems as you 

start work under contract. Is there a clever way to 
mitigate that discovery risk while maintaining an 

efficient programme?”  
Alan Bunting / project director /  

British Land 

B L A N K  C A N V A S
One problem, three engineers, no constraints 
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“Just by tracking coffee delivery patterns, we would know the 
paths that people usually take and the high-traffic areas”

You could get a pretty good view of both a 
space and the building systems by using 
drones and 3D imaging. The drone could 
carry out a non-intrusive survey in the 
evening when the building was empty.

With a laser scanning device, a drone 
could produce a point-cloud survey —  
a 3D map that would get more accurate 
the more time it spends flying around. 
Ground positioning radar (GPR) is 
normally used for finding things 
under the ground, like pipework, or for 
archaeological surveys, but I don’t see 
why you couldn’t do the same thing 
for walls and ceiling voids. It works on 
reflections, so the biggest signal you’d 
get would be from the wall itself — but 
you could filter out the signal to look at 
what was behind it. The drone would be 
able to scan locations of key plant areas 
— for example, fan coil units in the ceiling 

void — to check that they’re all in the 
right place, rather than someone having 
to actually go up into the ceiling void 
and look around. 

The biggest challenge would be to 
relate that to the out-of-date information 
you’ve already got — so mapping it onto 
the as-built BIM model. That’s okay for 
the point-cloud survey, but the interface 
between GPR and BIM would have to 
be developed. The GPR survey would 
just show a collection of points or a line, 
and you’d have no idea whether it was 
a duct or a pipe or a wire or a beam. So 
you’d have to overlay the BIM model 
and spot the difference. It would be very 
complicated, but you could potentially 
train a computer to compare the GPR 
survey with the existing BIM. You could 
use AI or neural networks — or a human 
could probably do it. 

1
Archaeology in the office 
Shane Orme / graduate mechanical engineer / WSP/ UK

“With a validated 3D model, we could move through the digital 
space using virtual reality without impacting the occupants”

What if the building owner provided all 
the tenants in the building with a new 
and improved smart card, for building 
entry and access and to improve 
their experience within the building? 
The smart card could be embedded 
with the ability to scan small areas or 
short distances similar to the sensors 
associated with autonomous vehicles. 
Each tenant then becomes a mini 
drone for the building owner; as they 
walk around the building they scan the 
surrounding areas to provide data and 
analytics about the building. The more 
sensors you embed into the card, the 
more data you receive. 

For the services that cannot be seen, 
like cabling and air conditioning in the 
walls and ceiling, the cleaner’s vacuum 
could be fitted with a module containing 
a range of sensors to “x-ray” the building 
as the cleaner does their job. The “x-ray” 
would continuously build a 3D model 
of the hidden services showing their 
location within the building. Algorithms 
will categorize and catalogue them 
according to the systems that the 
components serve. The sensors will be 
sensitive enough to determine material 
characteristics such as thickness and 
composition. Hazardous materials will be 
automatically flagged and reported.  

All of the data can be uploaded into 
a central data lake and then cross-
referenced with multiple sources to 
provide a validated data set for the 
building. Simple algorithms could be 
set up to validate the quality of the 
carpet or flooring based on acoustics 
or vibration data, the quality of lighting 
and glazing based on lighting levels, or 
the efficiency of HVAC systems based 
on noise, vibration and temperature 
set-point fluctuations. Everything will be 
automatically tagged to build a central 
asset and condition register.

With the 3D model built, analyzed and 
populated with the tagged assets, we 
could move through the digital space 
using virtual reality without impacting 
the existing occupants. Prospective 
contractors will be able to carry out 
virtual site inspections and assess all 
the services without the need to go on 
site. Safety will be improved through 
this process. Ladders won’t be required 
to access ceilings and exposure to 

3
The 3D scanner in your pocket 
Roneel Singh / technology lead (ANZ) and smart building specialist / WSP / Australia

What if there was a robot that delivered 
coffee in the office? It could learn about 
occupants’ patterns and the conditions of 
the spaces and non-invasively inform the 
design and the improvements that need 
to be made when they leave. 

I work in the smart buildings group, 
and a lot of the time we focus on 
how comfortable a building is for the 
occupants. In the BOLD&R Lab, we 
have a mesh network of multi-sensors 
across our entire office that measure 
temperature, light levels and sound, 
and track people’s locations — but they 
require installation, which takes time 
and can be invasive. Instead, we could 
install the sensors on a robot which could 
measure conditions across the space 
with the same granularity as it moves 
around. If we find there’s low indoor air 
quality, that could indicate that pollutants 

have been used or that there might be 
mould within the walls. An airflow sensor 
could tell us if there’s even air distribution 
throughout the space or not, and we 
could produce heat maps which could 
show any areas that are particularly hot 
or cold to flag potential problems with 
the building systems. Just by tracking 
coffee delivery patterns, we would know 
the paths that people usually take and 
the high-traffic areas — where someone 
would usually have been walking to the 
coffee pot — which could indicate wear 
and tear that needs to be fixed. It would 
also show where the robot never goes, 
indicating that perhaps the space is 
uncomfortable — there might be too 
much glare — or that it could be used in 
a more valuable way. All this information 
could help inform other conversations 
with tenants. 

A coffee robot should be feasible with 
the technology that we have. There are 
already plenty of service robots, though it 
would need a station where it could fill up 
with coffee or to be able to use a coffee 
machine. An app would probably be the 
easiest way for people to call the robot 
— you could just order your coffee as you 
would on the Starbucks app and drop a 
pin to tell it your location, or it could find 
you using Bluetooth sensors. 

It’s important that the robot is perceived 
to be being doing something useful, 
because a lot of the time people don’t 
want to use technology or they feel like 
they’re being spied on until it becomes 
an asset or adds value to their lifestyle. 
If it’s delivering something that people in 
offices tend to want, it’s no longer seen 
as an inconvenience while still capturing 
the information that we need.

“The drone would be able to scan key plant areas, rather than 
someone having to go into the ceiling void and look around”

2
A service robot with a hidden agenda 
Rachel Kennedy / smart buildings specialist / WSP / US

P12

hazardous materials can be avoided. 
Planning and assessment of works can 
be discussed collaboratively, with the 
risks clearly identified and no hidden 
surprises lurking in the ceiling.  

Combining advanced sensors, 
automated analysis and virtual reality in 
this way will enable the assessment and 
management of the physical environment 
without any need to disrupt the current 
occupants. 
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(THE  ART  AND  SC IENCE  OF)  THE  POSS IBLE

I N D E X

I N  1 0  W O R D S  O R  L E S S  …

WHAT MAKES  
A LIVE EVENT  
UNMISSABLE  
FOR YOU?

11
“The accidental intimacies you 
encounter along the way”
Yasmin Afshar & Michi 
McCloskey

28
“Heat and smell of 
camaraderie — forget 
carbon footprint for once!”
Hiro Aso

08 “Sense a connection to 
community, purpose or  
movement toward better”
Susan Krumdieck

36
“The opportunity to 
disconnect and enjoy  
the atmosphere”
Matthew Marson

72
“Feeling immersed in the 

experience and connected to  
a community”

Rachel Kennedy

42
“It’s the anticipation, 

camaraderie, passion and 
high energy”

Scott Jenkins

64
“It’s a unique 

experience that no 
recording can ever 

capture!”
John Gallagher

54“Total sensory 
immersion”
Alan Penn

69
“The venue, performers  

and the chance to interact 
with others”

Alice Lovegrove

46
“An unmissable event 

promises a crowd with 
sweeping, positive energy”

Itai Palti 

20 “A quiet lake, a cool 
drink and a book”
Bill Reed

23
“When several of my 
senses are used in 
perfect harmony”
Emelie Arnoldsson
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