THE ART AND SCIENCE OF

NET-ZERO GIVES US A HARD TARGET
— AND SOME HARDER CHOICES
This is not a crisis of innovation: there is no shortage of good ideas or promising
solutions to reduce or even reverse our climate impact. What we don’t have is time, or
the luxury of emitting carbon uncontrolledly as we build the infrastructure to create a
net-zero world by 2050.
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Achieving this will be impossible without using steel and concrete, two materials
that are together responsible for around 16% of manmade carbon emissions. We can
decarbonize their production, up to a point, but not without significant quantities of
key green resources — renewable electricity, for example — which are themselves
carbon-intensive to develop and on which the decarbonization plans for many other
industries also rely. In “The realist’s road to zero”, we explore the critical pinch-points
and highlight the areas where action is most urgently needed.
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Prioritizing access to resources — from city transport to materials to nature — is a
recurring theme of this issue, as it will be in the decades to come. We know we need
to plant more trees — for timber, for fuel, to sequester carbon — but we don’t have an
infinite supply of fertile land and we also need to feed a growing population. And this
forces us to confront other questions, such as what a sustainable urban food system
looks like in the 21st century.
There are no easy answers: apportioning resources almost always means taking from
somewhere else. But by coming together as a society, being honest with ourselves
about the challenges and always keeping an open mind, I hope we can begin to find
our way forwards to a more sustainable, equitable, balanced world.
P26

Tom Smith, WSP

“Urban development is the physical manifestation of our values as a society —
it’s the tangible, undeniable evidence of whether or not we mean what we say”
Helena Klintström / P7
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#HEALTHEQUALITY #LIFEEXPECTANCY #CITYPLANNING

LIVING
PROOF
How do we measure a city’s sustainability or equality?
Just look at the health of the people who live there,
writes Helena Klintström

rban development is the physical
manifestation of our values as a
society — it’s the tangible, undeniable
evidence of whether or not we mean
what we say. Look around and ask
yourself: who is this place built for, and
what needs does it cater to? The urban
form reveals where our true priorities lie,
in terms of housing, transportation or
public space. We can see how much a
society values older people, for example,
by how easy it is to get around using a
walking stick or how much seating or
shelter is provided.
Today, many national and regional
governments, municipalities and
organizations have set ambitious
targets connected to the UN Sustainable

Portraits Paddy Mills

U

Development Goals (SDGs), recognizing
that we urgently need to make cities
more sustainable and equal. So, to hold
them accountable, how about we use
health equality in the built environment
as an indicator?
Health equality is a very powerful
litmus test for sustainability, not only
because it is measurable, but also
because when you create the conditions
for wellbeing, you create places that
perform well on many other levels. If
people can meet their day-to-day needs
by walking or cycling, and it’s safe for
everyone to do so, this not only promotes
active lifestyles and social interaction,
but reduces carbon emissions and air
pollution from cars. Green space in a city

supports physical and mental health,
but also climate change adaptation by
offering protection from flooding and
extreme temperatures. What is good for
health equality is good for pretty much
everything else.
Looking at urban development over
recent decades, it’s clear that reducing
inequality in health has not been a top
priority. The gap in health outcomes
and life expectancy between different
groups is widening, and both are strongly
linked to geography. In Sweden, where I
live, reducing inequality is the one area
of the SDGs where we are failing to
make progress — and we are actually
moving backwards. If you live in one
part of Stockholm, you can expect to

live several years longer than if you live
in another part of the city. It’s a similar
picture in many other major cities around
the world.
Urban planning has been guilty
of building large swaths of suburban
homes and massive high-rise
housing estates that concentrate
socioeconomic groups in particular
areas. It has ploughed highways through
residential communities, creating noise
and pollution and preventing people
from accessing amenities in nearby
neighbourhoods. This makes it harder
to deliver a full range of services and to
create well-functioning transportation
networks, and it contributes to loneliness
and poor social cohesion.

P40
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When governments say they are prioritizing
sustainability and equality, maybe we should ask to
see the stubs in their chequebook. We could ask,
how big are your schoolyards and playgrounds?
How easy is it for people to find green space?
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Health equality is not yet top of the agenda for every
society, but it is only a matter of time before it will
have to be. It will become impossible to create
thriving economies or businesses without it

But as urban planners, we also have
the ability to resolve the physical issues
that contribute to health inequality, not
only the distribution of green space, but
also healthcare services and pharmacies.
We can see how access to healthcare —
how long it takes to get to the hospital,
how easy it is to pick up your medication
— affects outcomes, and Covid has
only emphasized how important
this is. More equal cities will also be
more resilient to future pandemics:
researchers in Philadelphia found that
the location of vaccination centres and
the availability of transportation was a
significant barrier to vaccine take-up,
which disproportionately affected Black
and Latino communities.

Some of the things that we can
do to tackle health inequality are selfevident: it’s easy to see that walkable
neighbourhoods, green space and
active transportation support healthier
lifestyles. Others are less obvious, such
as not creating large monocultures
of housing types or building physical
barriers that segregate communities.
None of these ideas is really new: aren’t
these the same things we talk about
when we talk about quality of life, or
climate neutrality, or child and agefriendly cities?
Over the next decade, we need to
make rapid progress on sustainability,
on health and on equality. So when
governments say they are prioritizing

these things, maybe we should ask to
see the stubs in their chequebook. We
could ask, how big are your schoolyards
and playgrounds? How easy is it for
people to find green space or outdoor
recreation? How many people are living
in overcrowded conditions or reliant on
emissions-generating transport to get
to where they need to be?
This is not about planning cities or
doing business in a completely different
way, it’s about tweaking current models
and integrating a new mindset. There is a
growing wave of good examples around
the world, from highways retrofitted
as parks, to social value used as a
selection criteria in public procurement,
to collective housing models that bring
P10

together older people and kindergartens
or students. We need to use these to
demonstrate what we can do to help,
simply by thinking about health a
little differently.
Health equality is not yet top of the
agenda for every society, but it is only
a matter of time before it will have to
be. It will become impossible to create
thriving economies or businesses
without it, and in the years to come,
the winners will be the governments and
corporations who succeed in delivering
on this priority first.
Helena Klintström is a sustainable urban
planning consultant at WSP, based in
Stockholm

10
(THE ART AND SCIENCE OF) THE POSSIBLE

CONNECTED THINKING
#PRICINGNATURE #POLLUTERPAYS #OFFSETS

THE PRICE OF SURVIVAL
Not only can we put a value on nature — we must, argues welfare economist Scott Cole.
Offsets will be an essential part of the fight against biodiversity loss

W
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hen bread crusts sat on the
counter for too long, Grandma
Goodwin would put a stop to it: “Chuck
those — they’re for the birds.” Grandma
wasn’t just saying that we should stop
wasting good butter: her choice of
phrase reflected a deeper meaning
about a resource that no longer had
value for us. It was worthless.
As an economist, I see price as one
way of signalling value. It also helps
us to decide how best to employ society’s
limited resources. Should we spend
on protecting wilderness or providing
recreational access? Should we
keep land for producing food, or
enhance habitats for wildlife? How
much should we invest in greenhouse
gas reduction today versus tomorrow?
There are no easy choices, nor obvious
lenses through which one “should” view
such questions.
The so-called dismal science does
have a few suggestions. For example,
economists have long argued for
taxing “bads”. Under the “polluter pays”

principle, it is commonly accepted
that those who generate pollution
should bear the costs of managing
it, which includes addressing the
adverse impacts for society. As a result,
carbon taxing is gaining traction, and
evidence continues to mount that pricing
emissions creates an effective incentive
to reduce them.
Biodiversity offsets — which aim
to enhance or recreate environmental
“goods” including habitat, species
and services provided by nature such
as recreation — also create effective
incentives by communicating to
polluters or developers that there
is a cost associated with damaging
the environment, and to entrepreneurs
that it can pay to invest in environmental
goods.
Requiring polluters and developers
to finance environmental compensation
measures that generate value is an
attractive policy, even if that value falls
short of the full environmental value lost.
So, what are the implications?

Nature always has a price
Today, nature’s worth is not factored into
the price of land. Developers must pay for
a site, permits, and all of the materials,
labour and professional services it takes
to erect a building or new infrastructure.
But they don’t have to pay for the nature
they destroy at any point in the process
— that’s free. It is the public who bear
the costs in terms of a slow-but-sure
decline in things like biodiversity and
recreational access — both of which
are highly valued commodities in our
fast-growing cities.
I have heard some ecologists and
philosophers suggest that nature is
priceless, that it’s impossible or even
immoral to put a monetary value on
biodiversity or other services that nature
may provide. But here’s the problem: by
failing to put an explicit price on nature’s
benefits, even an imperfect one, we are
essentially allowing somebody else to
impose their price on us. And when it
is set not by a body acting in the public
interest but by a private actor responsible

primarily to its own shareholders, that
price is very often zero. If we choose not
to value nature, we will have to live with
the consequences.
In contrast, where a society requires
developers to purchase biodiversity
offsets, it is explicitly valuing nature’s
benefits. This not only penalizes those
who damage nature, but rewards
those who create it — establishing a
marketplace for “habitat entrepreneurs”
who invest in restoring nature in return
for payment for the compensation credits
they create. Such credits are sold via
habitat banking systems, which are
well established in the US, Germany
and Australia, and in development in
the UK. The potential of these banks has
spurred policy suggestions in a number
of other countries including Sweden.
Observe how decisions are made
in the world today and you will see
that resources flow towards goods and
services whose price reflects their high
value to consumers, from the latest
iPhone to rare minerals to organic food
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Any credible economist will tell you that estimating
environmental value is wrought with challenges.
But they will also tell you that it is unavoidable

(even if market failure means that the
price still doesn’t reflect the true value
of the resources consumed during their
production). Because non-marketed
goods like national parks, recreation and
biodiversity lack an explicit price, they
are often undervalued. The result is that
society invests too little in these goods
and misses opportunities to prosper.
The cost of an offset may fall short of
the true value to society of the damaged
resource. But as our ability to measure
and recreate nature’s benefits improves,
so too will the price signal, leading to
even better incentives for addressing
the full suite of lost values.
By humans for humans
Any credible economist will tell
you that estimating environmental
value is wrought with challenges,
methodologically and practically. But
they will also tell you that doing so is
unavoidable given the anthropocentric
basis of environmental policies generally,
and compensatory offsets specifically.

This reflects the way that humans see
the planet: as an instrument to improve
our long-term standard of living. We
create such concepts as “no net loss” and
“sustainability” because of our capacity
for long-term thinking and because we
worry about our children’s wellbeing.
This is not necessarily to the detriment
of the planet’s other inhabitants. In
addition to providing compensation for
the direct value that nature provides us,
we may also be motivated to require
offsets because our wellbeing improves
just by knowing that species and habitat
exist around us, even if we may never
“use” these species or benefit from
them directly.
Others reject this approach and
instead insist that nature be protected
for its own sake. This is another way
of viewing offsets, a perspective that
economists describe using the concept
of intrinsic (or non-instrumental) value.
This emphasizes nature’s own moral
standing, where the value of other
species can be motivated by their own

existence, independent of any benefit
they may provide to humans.
Nearby and similar
Once we have established that we are
compensating humans rather than the
animals themselves, then we can start
to ask interesting questions about how
to design offsets. The conventional
assumption in many guidance
documents is “nearby and similar” —
that is, that a compensatory offset should
benefit those who are most affected by
an environmental loss, and that they
should be provided with the same type
of resource that was lost.
But since we’re talking about the
welfare of complicated, messy humans,
we can’t avoid difficult questions. For
example, whose welfare matters when
we design an offset? Would it be
reasonable to instead require a “far away
and different” offset to benefit a group
in society that is under-represented,
vulnerable or that lacks access to
resources like parks and green space?

This — equally subjective — criteria
could expand net wellbeing, but may
leave those directly affected by the
loss uncompensated, and may not
replace the lost biodiversity in kind.
These hypothetical alternatives not
only underscore the possibilities and
the risks of offset design, but also make
clear the inevitable trade-offs that must
be addressed.
So what kind of offsets do people
want? I was part of a Swedish-funded
research project that asked citizens
in Skåne County (almost 15% of
Sweden’s population) to choose between
alternative ways of compensating
the loss of green space caused by
urban development. We developed a
statistical model to determine which
attributes affect choice and how citizens
value these attributes. Our findings
confirmed that public preferences were
in many ways consistent with guidance
documents produced by experts.
For example, all the attributes we
tested mattered in predicting choice,
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but their effects differed. Holding all
else constant, increasing the size of a
compensation site led to a 23% increase
in the probability of a respondent
choosing that option to compensate
for the lost green space. Increasing the
distance between the damaged site and
the compensation site decreased the
probability by 10%.
Perhaps even more relevant for
policymakers is that choice depended on
a combination of the attributes we tested.
For example, a larger compensation site
mattered more when it was relatively
further away, which is consistent with US
and European guidelines that suggest
longer distances can be overcome with
greater size.
Applying this kind of empirical data
will be critical for improving acceptance
of offsetting as a policy. Expert
knowledge is unequivocally important
for understanding and communicating
environmental loss — and for ensuring
credibility of the process — but citizen
preferences will play an important role
if offsets are to garner broad public
support. A separate piece of research
carried out by WSP in the UK with the
think tank Bright Blue found that people
were more likely to support development
near them if it would benefit nature.
In an ideal world, prices would be
superfluous. Goods, services and access
to nature would be dispensed equally
and fairly in just the right proportion to
need. But even though price may be an
imperfect mechanism for deciding who
gets what and how much, it’s the one
we have today. In my view, it’s better
to make that system work for, rather
than against, people. You may view the
world through a different lens, but we
can probably all agree that prices are, in
any event, not “for the birds”.
Scott Cole is a senior environmental
economist with WSP in Sweden. Read more
about the MuniComp survey project, which
was co-authored with Linus Hasselström,
researcher in the Department of Sustainable
Development, Environmental Science and

COMPENSATING FOR LOST GREEN SPACE
What trade-offs are acceptable?

If environmental compensation — or offsetting — is to work, the public must accept it as a valid way of balancing
the negative effects of urban development on biodiversity and ecosystem services. It is rarely possible to recreate
what is lost in exactly the same form, or on the same site, so there will inevitably be trade-offs in the way that
offsets are designed. But where exactly should we compromise? The MuniComp research project assessed
support for the concept of environmental compensation among a sample of 1,000 citizens in southern Sweden,
and used a choice experiment to measure how these respondents valued trade-offs.

Who cares that nature is disappearing?
Nearly half of all respondents were concerned that green space was
being lost, but the level of concern varied. There was a strong correlation
with the size of an urban area: the bigger the city a respondent lived
in, the more worried they were. Concern was also higher among
respondents who were younger, or female, and those with higher levels
of education.

45%

11%

64%

Yes
No

Should developers be required to compensate for environmental loss?
There is broad acceptance of offsetting as a concept, but reservations
about its effectiveness. Some groups were more in favour than others:
women, parents, younger people, dog owners, medium-to-higher income
groups, those educated above high-school level.

73%

38%

Should we compensate when
green space is removed for
the following uses?

Biking and walking paths
Schools or hospitals
Roads and railroads
Oil spills
Industrial development

83% 90%

32%

4%

What kind of nature do people
enjoy? Where would they prefer
to spend an hour tomorrow?
People prefer to spend time in
managed, accessible nature
rather than virgin wilderness.

Urban square
Urban park
Hiking trail in a forest
Pristine forest

Engineering at KTH in Stockholm. Scott
would also like to thank all members of the
MuniComp team for their input

87%

18%

47%
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THE CHOICE EXPERIMENT
The scenario

When compensating for nature, what’s most
important: the benefits nature provides to
humans, or the habitats it provides for plants and
animals?

39%

Imagine the decision has been made to construct a new apartment building near to where you live.
This will result in the loss of green space, and affect both the benefits that nature provides and
opportunities for outdoor recreation. It has also been decided that the developer should pay for
environmental compensation. What kind of compensation would you like to see, assuming all
costs are broadly the same and would be borne by the developer?
Respondents were asked to rate the importance of four different design variables, and the researchers
measured the absolute value of each variable, and its relative value to each of the others.

44%

Holding all else equal, how does changing a single attribute influence whether
people choose a compensation alternative? (Increased likelihood)

When compensating for recreation, should
we leave natural landscapes as untouched
as possible, or actively manage them, adding
features such as benches, lighting and easily
accessible walking paths?

Leave nature be

Equally important

Improve it

23%

Compensation site twice as big as the development site versus the same size

21.7%

Compensation for both nature and recreation value versus just nature

9.4%

Compensation 300m from development site versus 900m

5%
4.7%

Compensation for nature value only versus recreation value only
Creating new value on brownfield land versus improving an existing green space

Doubling the size of the compensation site provides approximately…

48%

42%

10%

=

The same relative value as changing the type of compensation from “nature only” to
“both values”

2x

Twice the value of increasing proximity from 900m to 300m

4x

Four times the value of changing the location from an existing green space to a
brownfield site

5x

Nearly five times the value of changing the type of compensation from “nature only”
to “recreation only”

SIZE MATTERS MOST: it has both the highest absolute value and the
highest relative value, closely followed by “compensation for both nature
and recreation value”

People who lived in bigger cities were less concerned about the size of a compensation site, but they
felt strongly that it should replace lost natural value as opposed to just recreation opportunities.
Those who were worried about green space disappearing in their neighbourhood were more likely to
want compensation for the loss of nature rather than the loss of recreation opportunities. So were those
who had been negatively affected by development in the past.
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#FUTUREFLIGHT #HYDROGENECONOMY #FLYLOCAL

FIVE WAYS NET-ZERO AVIATION COULD RESHAPE LIFE ON THE GROUND
AVIATION EXPERTS MATTIAS FRITHIOF AND GAËL LE BRIS ON THE WIDER BENEFITS OF GREENER FLYING

Green flight could level up regional disparities
Aviation accounts for about 2% of carbon emissions
and 3.5% of all human activities that drive climate
change. Air transport is also a cornerstone
of societal and economic development in a
globalized world, reducing geographical barriers for
individuals and companies, creating opportunities
for communities and increasing access to
markets. According to industry estimates, aviation
directly or indirectly supported US$3.5 trillion of
economic activity in 2018-19, or 4.1% of global GDP.
Decarbonizing air travel is essential to improve
the balance between its costs and benefits — but
the impact promises to be much further reaching
than that. By dynamically reshaping patterns of
accessibility, net-zero aviation could revitalize
regions that are currently dislocated from existing
networks of transport and commerce. To seize this
opportunity, we need to start planning for it now.

Sustainable aviation fuels are already a reality
In the short and medium term, the main focus will
be on the implementation of sustainable aviation
fuels. Rather than being refined from crude oil,
these are made using a variety of waste products,
as well as feedstocks that are sustainable in order
to prevent deforestation and competition with
food production. Their lifecycle emissions can
be up to 80% lower than those of conventionally
sourced aviation fuels. Technologies and standards
exist for producing them affordably to meet the
criteria of existing jet fuels, and they are already
supplied at some airports in western Europe
and North America. They can be used in blends
with conventional fuels, and aircraft and engine
manufacturers are now certifying aircraft to fly with
100% sustainable fuel. However, production needs
to be scaled up and we will need policies to make
them more widely available and affordable. Who is
going to take the lead?
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A more disruptive technology shift is coming
Electric and hybrid propulsion systems are evolving
rapidly. Over 100 electric aircraft projects exist
as of today. Prototypes have been flying for a few
years, and the first electric commuter aircraft
with batteries are on track to be certified by 2023.
Regional aircraft may follow between 2025 and
2030, potentially powered with fuel cells that
convert hydrogen into electricity. Based on current
technologies, it is unclear if all-electric larger
commercial service aircraft are feasible. However,
hybrid propulsion systems, which use an electric
engine for most of the cruise and a conventional
thermal engine to deliver more thrust during
take-off and landing, hold promise. The next step
towards net-zero aviation will be to use hydrogen
as a jet fuel for medium and long-haul commercial
flights: Airbus has committed to fly a demonstrator
of this technology by 2035.

There will be changes on the ground too
Airports will need to accommodate new aircraft
technologies and offer electric charging options, as
well as store and deliver hydrogen at the gate. None
of that infrastructure exists today. At commercial
service airports, operators and air carriers might
find it beneficial to invest together to develop the
necessary infrastructure. Small airports may need
to consider innovative approaches to funding
— perhaps equipment manufacturers might
invest in the deployment of chargers, as Tesla
has done for electric vehicles. As for hydrogen,
aviation will benefit from the emergence of the
hydrogen economy and a large-scale supply chain.
But in the meantime, we will need to develop a costefficient, aviation-specific network that can supply
the first hydrogen-powered operators, especially
at smaller, remote airports. This means identifying
all the stakeholders — including non-aviation
partners such as energy providers and industrial gas
producers — and finding ways to work together.

An evolution of the hub-and-spoke model?
As with any technology shift, the development of
alternative fuels and propulsion systems will be a
step-by-step process. It will take time for ground
infrastructure, airport systems, airline fleets and
business models to readjust. Implementation will
begin with small vehicles over short distances, and
the scale will gradually increase. Higher frequencies
could open up short and medium-haul commuting.
In the Nordics, for example, there are approximately
120 regional airports with small-scale traffic, often
feeding the major hubs in a hub-and-spoke system.
This presents an opportunity to generate greater
value from airport assets and enhance economic
activity throughout the wider region. With the
advent of quieter, zero-emission aircraft, many
smaller airports might be turned into mobility
centres providing point-to-point regular and ondemand air services to other local communities.
How can we support this development and realize
its full potential?
Mattias Frithiof is director of advisory services at WSP
based in Sweden; Gaël Le Bris is a senior aviation

P68

planner with WSP in the US. Read their longer article
on Greening Future Flight here
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#ATTRIBUTIONSCIENCE #CLIMATELITIGATION

CARBON FINGERPRINTS
The fast-developing science of climate attribution is giving
us new ways to drive action on carbon emissions, and to
support communities to adapt. L Delta Merner at the Union
of Concerned Scientists explains how

I

n May, a Dutch court ruled that Royal
Dutch Shell must cut the carbon
emissions from both its operations and
the oil and gas it sells by 45% by 2030,
relative to 2019 levels — a global first,
but likely not the last, thanks to rapid
advances in the fields of attribution
science and climate litigation. L Delta
Merner leads the Science Hub for
Climate Litigation at the Union of
Concerned Scientists, a non-profit
science advocacy organization based
in the US. She provides evidence to
inform legal cases that hold fossil fuel
companies accountable for climaterelated damage. UCS evidence has been
cited in more than 70% of US climate
damages and fraud cases to date.

What are the scientific advances that
allow us to quantify the impact of
climate change with such confidence?
Climate attribution has been around for
about two decades now, which makes
it an incredibly new science. But while
the science is new, the concepts are
not. There are two major areas — event
attribution and source attribution —
and there have been really important
advances in both over the last five years.
The area that’s generally talked about
most is extreme event attribution, which
can tell us how climate change may
have added to the severity of an event.
It’s about understanding the role of
climate change versus natural weather
patterns or random climate variability.

Studies can now tell us how much
hotter a heatwave is or how much
greater the intensity of a downpour is
during a hurricane or any other rainfall
event because of climate change. We
also see connections by understanding
sea-level rise. Sea level is impacted
by things external to climate change
as well, but you can isolate the role of
climate change and then understand
how that’s changed a storm surge from
a hurricane, for example. So these all fall
under event attribution.
One of the things that’s been exciting
is that we can now attribute changes
to specific emission sources. This work
started in 2013 with a publication by
Richard Heede, which found that nearly

two thirds of industrial carbon emissions
from the Industrial Revolution onwards
can be traced to the 90 largest fossil fuel
and cement producers — so ExxonMobil,
BP, Chevron, Royal Dutch Shell, to name
a few. One of the first studies to make
the connection with global warming
was published in 2017 by some of my
colleagues at UCS. They found that
emissions from these 90 major fossil fuel
producers and cement manufacturers
contributed to around 42-50% of all
global temperature rise.
I think so often we get caught in
thinking of climate change as something
that’s global, that’s abstract, that’s hard
to address. But here we see that there’s
clear connections between specific
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Attribution science is a huge
game-changer. Without it, fossil fuel
companies could sow uncertainty about the
role of climate change in certain events.
But now we can say: this percentage of this
impact is because of climate change

actors. Global temperature rise is
scientifically the easiest to look at, but
another more recent UCS study found
that 26-32% of global sea-level rise
was tied to the products of just these
90 carbon producers.
Right now, the majority of the models
that we’re looking at are global. So the
next steps are about better connecting
attribution work to local models. This is
a scale that is much more beneficial for
people, communities and businesses,
so that they can better understand the
impacts for their local environment. A
study that was released in May looked at
economic damage from Hurricane Sandy
related to human-caused sea-level rise.
Again, they did extensive scientific work

to isolate the human-caused sea-level
rise that was from climate change, and
used that number to estimate that there
was approximately US$8.1 billion of
damages that were just attributable to
climate-change-induced sea-level rise.
This is just one small sliver of climate
change impacting one individual storm,
but these events are happening globally
and impacting cities across the world.

we can build out worlds without those
emissions in them. Then we can do
comparisons between events and run
those thousands of times, and then carry
out statistical analysis to see what we
expect the differences to be. It’s much
more complicated than that, and it’s a
very delicate process, but essentially
attribution science is comparing those
two models.

How do you actually do all this — what
kind of science is attribution science?
Is it data analysis, or modelling, or … ?
It is modelling. So in the very basics,
we’ve built out worlds for what the global
climate looks like today, with current
levels of carbon in the atmosphere, and

You’ve described attribution science
as a game-changer for addressing
climate change. Could you spell out
how?
I think that it’s a huge game-changer
because, without it, fossil fuel companies
could sow some uncertainty about the

role of climate change in certain events,
and they could distract the media by
debating what caused something or
didn’t. But it’s not about whether or
not an event was impacted or caused
by climate change. With attribution
science, we can say, this percentage of
this impact is because of climate change.
We can talk about it much more precisely
and stop that problematic discourse that
was much further behind the science,
where we were saying whether or not
climate change was real. Now we can
say, it is; these are the impacts.
From a city planning perspective,
historically there’s been so much
uncertainty in so much of the work. This
can help us to make better decisions.
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Opposite Satellite
image of Hurricane
Sandy from the NASA
Earth Observatory

Attribution science is also informing
climate litigation. What are the
advantages and disadvantages of
using litigation to address climate
change, compared with other forms
of advocacy or action?
It’s important to know that climate
litigation is just one very specific tool
in the toolbox for addressing climate
justice issues and hopefully reducing
carbon emission in the future. I think a
lot of the reason that it’s come around
is because policy has moved so slowly
in the face of a concerted campaign of
deception by the fossil fuel industry. For
decades, science has been talking about
the realities of climate change and the
sources of climate change — you can
cite back to the 1980s, where it was very
clear that the companies themselves
knew what climate change was and what
their contribution was, and ultimately,
what the impact was going to be for
people and communities.
Despite all of this information, despite
the really indisputable science around
climate change and climate impacts,

we haven’t seen policy overcome fossil
fuel industry obstruction to address
this global problem. So litigation has
become such an important tactic and
something that’s grown so quickly
because it’s another way to address
the urgency of climate change.
What about the risk of anti-climate
litigation, where fossil fuel producers
use the courts to frustrate attempts
to tackle climate change? How can
we defend against it being hijacked
in that way?
We certainly see a lot of pushback. Even
within the US, most of the litigation has
been stalled now for a couple of years,
as the fossil fuel defendants tie the
cases up in procedural debates about
whether they should be considered in
state courts, where they were filed, or
moved to federal courts.
But I think it’s more important to
focus on the successes that we’re seeing
and the power that’s coming from it.
So what we see in the Netherlands,
where cases are getting through and

historic rulings are happening. This
is a space where we can finally talk
about human rights and climate change,
especially internationally. In the US, we
see cities and municipalities pursuing
litigation to inform decisions and to
help understand the responsibilities of
the fossil fuel companies. That’s really
encouraging. When there’s success,
there’s always going to be pushback. But
I think that the science is able to inform
these powerful decisions, and as we get
decision-makers to better understand
the science, I’m really hopeful about
what those outcomes could be.
How could city leaders and designers
use attribution science or climate
litigation to serve their communities?
This is a great question to think about. In
terms of adaptations for cities, planning
for infrastructure is increasingly difficult
with the realities of climate change.
The models that we used to use to
understand the chances of a 50-year
flood — that you would base your
overpass design on — don’t work any

more, and we can no longer rely on
historical data to make infrastructure
decisions. Attribution science can help
planners to understand the increased
role of climate change in weather events,
and it’s a starting place for thinking about
what the new steps in planning for city
infrastructure might look like.
As cities are looking at adaptation
to climate change, there’s also the
question of who should be paying for
it. For example, I live in the state of
Maryland in the US, and right now there
are three lawsuits against different
fossil fuel companies. Our capital, the
City of Annapolis, became the 25th
jurisdiction in the US to file litigation
against them. It sits on the water, and
there’s been a documented increase
in the number of flooding days due to
sea-level rise. Analysis predicts that
there will be some degree of flooding
for the majority of the year as the sea
level increases. So the city’s planners
have talked about what infrastructure
looks like in this new reality, and in order
for the city to mitigate the sea-level
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rise that’s happening, they estimated
that they’ll need to spend more than
US$45 million on just four miles of sea
walls by 2040. Often, when a city needs
to raise money like that, it comes from
the taxpayers, but they sat back and
said, ‘who should be paying for this?
Where is the responsibility for these
damages?’ The science strongly shows
that most of the sea-level rise impacts
are from the actions of the fossil fuel
companies, and therefore, they should
play some role in funding the changes
that are needed.
This is very new. It was just in the
last year that this litigation got filed, so
there’s still a lot to understand. But I
think it’s important to be making these
connections. The Annapolis lawsuit
also talks a lot about the inequity of
damages from climate change. The
lawsuit itself says that climate change
will disproportionately impact people
of colour, people living in poverty, and
other vulnerable communities. Litigation
can play a role to highlight and address
those inequalities.

Photo Cultura Creative RF / Alamy Stock Photo
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Given the amount of adaptation
and mitigation that will be required
around the world, is litigation is a
viable way to pay for it all, or is it more
about winning a few headline cases
to get people to start really doing
something about climate change?
Litigation is not purely about having
those responsible pay for everything.
The reality is that we’re going to be
dealing with climate change for the rest
of our existence as a human race. So I
think the hopeful impacts are twofold.
Where people are being impacted
now, there needs to be adaptation.
But we also need to be changing
behaviours, and that’s why you see in
the Netherlands case against Shell
that it wasn’t just about payouts for
damages; it was very much about
reducing their own emissions now.
The Netherlands case ruled that
Shell should be in compliance with
the Paris Agreement, which requires
them to make massive reductions in
emissions moving forward. Those are
the same requirements that we have
P40

of every country that signed on to the
Paris Agreement. So these are changes
that are in line with societal needs, and
it’s saying that these companies should
be held accountable for doing their part.
There’s a legal precedent for this
kind of approach — this is very much
what we saw with the tobacco industry,
when litigation helped hold the industry
accountable for tobacco-related illness,
death and associated healthcare costs.
You were able to talk about what the
health impacts were from tobacco, and
it shifted the industry in a lot of ways.
Climate litigation is expanding to
look at supply chains, and it’s a global
phenomenon — a French supermarket
chain was sued by Indigenous peoples
from the Brazilian and Colombian
Amazon because of how it sourced
its beef. Is there a risk that, say,
municipalities in the Global North
find themselves the target of litigation
by communities in the Global South
because of their previous contribution
to climate change?

What we’re seeing right now is less
about jurisdictions or governments
being sued by other individuals, but
we are seeing acknowledgement of
the different contributions between the
Global North and the Global South, and
what that looks like. So one example,
in 2015 a Peruvian farmer filed a letter
of complaint against a German energy
company, because the farmers in that
area were experiencing massive flooding
due to glacier melt.
They essentially said that this
company was responsible for X
percentage of carbon emissions and
therefore should be liable for that
percentage of the costs of adaptation
and mitigation efforts in this community
and to pay for repairs to their flooded
homes. That court case is moving
forward, and it’s a big win that it’s
considered viable for litigation. It very
much comes back to these important
equity questions. Having polluters pay
validates the experience of frontline
communities and begins to address the
inequitable impacts of climate change.
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#VERNACULARSKILLS #WHITEELEPHANTS #LOCALANSWERS

FIVE REASONS WHY EMERGING ECONOMIES DON’T NEED TO COPY THE WEST
ABUL MAHDI OF HUMANITARIAN ARCHITECTURE CHARITY ARTICLE 25 ON THE IMPORTANCE OF KEEPING THINGS LOCAL

P26

Humanitarian architecture isn’t just about
making a physical impact. We try to use the
construction process as a vehicle to upskill people
and build capacity locally. Unskilled workers from
local towns and villages may earn US$1 a day, but
once they become a skilled worker in a particular
trade — through learning bricklaying or plastering or
carpentry, or becoming an electrician — their salary
will most likely jump to US$5-6 a day. That has a
big impact socially because they can now afford
to send their children to school, to buy medicines,
to have more than one meal a day. We’re not just
going to a country, dropping a building in and getting
out of there. There’s many facets to success, but it
all comes down to the users and the community:
have we improved their lives and made it better and
safer? That’s the key thing.

It’s not only the construction workforce, it’s the
consultants as well. We are building a preschool
for children with disabilities and able-bodied
children in Tanzania at the moment, which WSP
is involved in, and we have a site architect from
Europe working with a local architect who has
just graduated. She’s on site to assist managing
the project. Consultants in the West have a range
of expertise and tools that might not be available
locally — for example, seismic design — and our
job is to train the next generation of architects and
engineers to make them understand why we’re
designing it in that way so that they can look after
themselves in the future.

Opposite Article 25 is
building an inclusive
preschool for disabled
and able-bodied
children in Mbeya,
Tanzania. WSP is one of
the engineering partners
on the project
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Using local materials and skills also means
we don’t have to rely on imports. Emerging
economies don’t have as big a carbon footprint as
the rest of the world, but we are always trying to
drive it down even further. We always have a very
limited budget, so innovations and technology from
the West might not be available to us. So we would
push for those things to be made locally, in a local
way, which would be much more sustainable and
and in turn also has a social impact.

Visualization Article 25

It’s not a one-way transfer. We learn so much
from the local community about the vernacular way
of doing things, and we try to apply those ideas
so the building doesn’t become a white elephant.
We spend a lot of time with the clients refining the
brief, and we go to markets to understand what
is available — what kind of pipes, what sizes of
timber? There’s no point in us specifying something
that’s either bespoke or not available locally. And
it’s more sustainable in the long term if users can
maintain the building themselves with components
from the local market. We also meet contractors
and go to building sites to understand what skills
are available. In some areas of the world, they’re
amazing at carpentry; in other places they might be
great at metalwork fabrication.

We also need to change this idea of looking
always to the West as a precedent for good
design. When we arrive, the community will say
“we want a concrete building with AC units”, but the
vernacular architecture they have is amazing. They
have a lot of great techniques for using thermal
mass, natural ventilation, daylight. It’s often about
the perception of wealth and how people should
live. In Bangladesh, where my parents are from,
if you have a house built out of mud, you’re from
the lowest part of society. The next step up might
be a tin shed, then maybe half-tin and half-brick,
then brick. Concrete is right at the top, when
actually mud bricks are the best in terms of energy
efficiency and comfort throughout the year. We try
to make them see that we’re not the people to look
to — we have a different climate, a different context,
and a much bigger carbon footprint.
Abul Mahdi is a project architect at Article 25,
a UK-based humanitarian architecture charity
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#INTERNETOFTHINGS #USEREXPERIENCE #DATALITERACY

BLIND DATA
Smart buildings are useless if people can’t interpret the reams of complex
information they generate. We need to completely rethink the interface between
human and machine, writes James Kinch

T

he world of buildings is becoming
as much about data as it is about
physical materials. As humanity battles
to halt climate change and find new
ways to exist without further damaging
the environment, we must find better
ways to manage energy consumption.
Technology can help us make buildings
and cities more intelligent and more
efficient — but only if we can actually use
the digital information that it generates.
This is at the beating heart of the
net-zero challenge. Even with all of the
data in the world, without effective ways
to manage and understand it we will be
unable to apply it to deliver any form of
real-world impact.
Data collection can be considered
somewhat of a solved problem in
buildings, at least as far as technology
is concerned. Most buildings are not yet
equipped with a vast array of sensors, but
there is already a wide range of wireless

and wired devices at every price point.
Whatever physical characteristic is of
interest, there is likely a sensor available
to measure it, at a steadily declining
cost — driving an explosion in internet
of things (IoT) applications.
But this only represents the first of
three stages that building designers and
operators need to pass through in order
to get to the point of actually delivering
operational benefits. The next is to
manage that data in a way that makes
it easy to access and to analyse, and the
final — crucial — step is to understand
what the data is telling us and use
this insight to inform better decisions,
either through manual intervention or
automation.
W hy d o e s i t m at t e r h o w w e
manage building data? Compare it
to poor labelling and formatting in
a spreadsheet. Without consistent
column and row headers or contextual

information, the value and usability of the
data contained within that spreadsheet
becomes extremely limited. Similarly,
poorly managed building information
is liable to be under-used or, worse,
not used at all. It will be expensive and
time-consuming to analyse, and very
difficult to scale, to reuse or to apply in
new situations in the future — posing a
challenge to future smart cities.
These second and third stages
remain largely in development, especially
regarding the cost-effectiveness of
currently available solutions. The
importance of good information
management has been acknowledged
by several industry and academic
projects, such as Project Haystack,
Brick Schema and RealEstateCore, all
three of which have seen reasonable
adoption in the market. These provide a
technical structure to organize building
information — a shared language that

can be used by different systems to
describe objects within a building and
their relationship to other things.
Valuable though these projects are,
there remains a significant separation
between our ability to pull information
from a building and our ability to use
it. Central to this is the skills gap that
exists between the data scientists who
are comfortable interpreting complex
information and the people who
are actually operating the building.
Information management is a very
technical exercise and, to date, it has
been approached from the perspective
of a building designer or engineer. It’s
very logical if you have the building
drawings and you know that you have
to connect a duct to a VAV box to the
hot water supply and the cold water
supply. But if you’re a property developer
or a facilities manager who wants to
know how effectively you’re heating the
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Poorly managed building information is liable to
be under-used or, worse, not used at all. It will be
expensive and time-consuming to analyse, and very
difficult to scale or reuse

second floor, and who doesn’t have this
contextual information or experience of
interpreting complex datasets, it’s not at
all intuitive to work out what’s going on.
Fu l l y a u t o n o m o u s b u i l d i n g s
are still on the distant horizon and
human intervention will be the reality
for the short-to-medium term — so
it is imperative that we find a way to
merge the digital components of smart
buildings with the manual components
of building operation. I began looking
at this for my Masters thesis at the
University of Cambridge, and it’s the
subject of the PhD that I’m studying
for now. The obvious, perhaps cliched,
answer is to adopt a more user-centred
design approach. We need to rethink
the interfaces between human and
machine, focusing on how we deliver
information to building operators, what
this information tells them, how they
can use it and how they can feedback
P80

their own intuition and knowledge to
the system. We need to start from the
perspective of someone using a building
and think about what they want to know,
and then find a way of describing and
connecting that information.
This is a new way of thinking about
design, but we don’t have to start with
a new building. It would be another,
cloud-based layer sitting on top of an
existing building management system,
connecting the dots to support existing
buildings to be more efficient. The things
a designer might want to know are far
more predictable than the questions
that a future user might ask. So we have
to build in flexibility, so a data model is
designed in such a way that you can
push one domino and the others fall into
place to help you find the answer. At a
very simplified level, it’s almost like the
names we give the rows and columns in
a table. At the moment, these only make

sense to certain people and they’re in
an order that only makes sense if you
already know how to analyse it. There is
no column for “temperature” or “energy”.
So we need to find a way of mapping
that backstage data to sit within a far
more transparent interface. What if
instead of having a table, you break it
down into a spider’s web of cells that
are connected to each other in a more
fluid way? This is the end goal of my
PhD: to build a prototype of that web,
defining the rules and relationships, and
validating it to ensure it’s as scalable
and as useful as it could be.
Ultimately, a lot of sustainability is
about how we use buildings and how
we employ data within them. But data
scientists don’t usually run buildings.
This is about giving the tools to the
people who do.
James Kinch is a smart technology
consultant with WSP, based in the UK
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PFAS COME TO TOWN
‘Forever chemicals’ have been an issue on industrial sites for some
time. Now we need to address them in urban spaces too, says
Stefano Marconetto

P

er- and polyfluoroalkyl substances
(PFAS) are a group of several
thousand manmade chemicals that
have been widely used in consumer
products, construction materials and
industrial processes for more than 50
years. They are also the latest in a long
line of “wonder materials” discovered
to have negative consequences for
human and environmental health. To
date, the focus has been on assessing
and in some cases removing the most
harmful chemicals from industrial
sites such as military bases, airports,
landfills and manufacturing facilities,
and from water supplies. But as many
of the main sources are investigated, we
expect attention to shift to secondary
sites where PFAS have been used —
and increasingly to urban brownfield
sites. With growing awareness and
ever-tighter restrictions, the need for
more effective management solutions
including sustainable remediation could
become pressing for governments, city
authorities and developers everywhere.

PFAS are often referred to as “forever
chemicals”. Their resistance to oil,
heat and water — the properties that
have made them incredibly useful for
everything from construction materials
and firefighting foam to non-stick
cookware, waterproof clothing and
cosmetics — also mean that many of
them do not degrade naturally. We
now know that they are dispersed
over long distances via water, wind or
sediment, and that they accumulate in
the environment, in the water supply and
in our bodies. Studies around the world
have found that almost everyone has
chemicals from the PFAS family in their
blood. Research has so far linked some
PFAS to health issues including cancer,
thyroid hormone disruption, damage to
the liver and low birth weights, but the
toxicological studies are still evolving.
For regulators, PFAS present a
particularly challenging puzzle. Each
compound has its own unique chemical
and physical properties, which affect its
distribution, half-life and toxicity, and

most are still unregulated. Around the
world, current environmental standards
target only a small number of specific
compounds and are generally limited
to soil and drinking water. Two of the
most studied variants — PFOS and
PFOA — have been phased out in many
countries, though these have often been
substituted with newer, unregulated
PFAS and biomonitoring has found
levels of these newer compounds
rising in the population.
Wo r k i s o n g o i n g i n c e r t a i n
jurisdictions to develop standards that
are more holistic, covering a broader
range of compounds and exposure
pathways. For example, earlier this
year, the Canadian federal government
issued a notice of intent to address
PFAS as a class, based on scientific
evidence suggesting that several of these
substances may affect people and the
environment. Meanwhile, other places
such as the US states of Michigan and
California are responding to the PFAS
crisis by setting ultra-low permitted

levels — even down to single digit parts
per trillion or parts per quadrillion,
equivalent to a few drops of water in 20
or more Olympic-size swimming pools.
This may catch many sites where
PFAS use was only marginal, or even
sites that have no obvious direct
connection to PFAS at all. Given the
prevalence of PFAS in the environment,
there is a tangible risk that almost every
site tested will be found to exceed some
of the acceptable limits. This is already
an additional cost of development in
some jurisdictions where soil that is
moved off site during construction must
also be tested for PFAS, and treated or
disposed of accordingly. Many products
containing PFAS — and there are very
many — eventually end up in landfills,
and the resulting leachate must be
treated to prevent them from entering
water supplies.
Municipalities will be among the
organizations most affected by the
PFAS crisis since they may have to deal
with them in water supplies, landfills
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With ever-tighter restrictions, managing PFAS
effectively and sustainably could become a pressing
concern for governments, city authorities and
developers everywhere

and wastewater treatment plants —
both in terms of having to treat the
wastewater and also managing the
resulting biosolids, which often have
elevated concentrations of PFAS. In
some cases, municipalities may also
have to deal with large volumes of PFASimpacted soil or water during water or
sewer replacement or the construction
of roads, bridges and tunnels.
But because of municipalities’ central
role, they also have a great opportunity
to work with regulators and industry to
set PFAS standards and promulgate
legislation that protects human and
environmental health without imposing
insurmountable barriers to development.
In this, they will be supported by
continuing scientific developments.
Environmental risk assessment can
be a very useful tool to identify risks
posed by PFAS by looking at the specific
characteristics of a site, along with its
current and future use. Concentrations
that could be an issue for certain land
uses may not be in other circumstances.

Risk assessment allows us to determine
these differences and develop measures
to safely address the risks.
In some cases, remediation or
treatment of PFAS may be required — and
this is where innovations in the industrial
sector could help during construction
and redevelopment projects. Today, most
treatment methods do not destroy PFAS,
but merely transfer them elsewhere or
reduce their mobility. Current destructive
technologies involve high-temperature
incinerators, which are expensive to
operate, particularly given the volume

of materials that may contain PFAS. But
strong interest from several industries
is driving the development of more
sustainable technologies that break the
molecules down into inert substances,
effectively and affordably, and we are
now starting to see significant progress.
At Golder, we’ve been exploring the
potential of ball-milling — borrowed
from the mining sector — to break
down PFAS molecules in soil. This
shows promise but still requires some
optimization. Other solutions are ready
to be adopted: we have been successful

in applying electro-oxidation to destroy
PFAS in groundwater and wastewater
in the laboratory and are now moving to
field implementation. This technology
destroys PFAS in less than an hour,
requires only electricity to operate
and does not produce sludge or spent
materials that must be disposed of. Using
long-lasting electrodes, it can operate for
over 10 years with minimal maintenance.
These new destructive solutions will
enable soil to be reused safely, save
precious landfill space and keep PFAS
away from wastewater treatment plants
and water supplies.
PFAS present a daunting challenge,
but by working together we are starting to
see evidence that it isn’t insurmountable
— and that we may finally be able to use
sustainable solutions to bring the long
story of forever chemicals to an end.
Stefano Marconetto is a senior principal
environmental engineer and global leader
of the PFAS practice at Golder, member
of WSP, based in Ottawa
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Our food system isn’t sustainable and it isn’t working. We
urgently need to find new ways to feed fast-growing 21st century
cities — or to help them feed themselves
W O R D S B Y AL E XAN DR A N I C O D E M O
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A

fter decades of progress, global
hunger is rising once more. Even
before Covid-19, the world faced a
growing food security crisis, and the
pandemic has pushed millions more
into hunger. In 2019, around a quarter of
the world population were experiencing
moderate or severe food insecurity; in
2020, this shot up to nearly one in three,
or 2.37 billion people.
Our precarious global food system
is both a cause and a victim of global
warming, and the situation will become
more acute as the climate crisis
intensifies. Globally, food production
accounts for 37% of greenhouse gas
emissions. And as the latest report
from the UN’s Intergovernmental Panel
on Climate Change warns, some of
the impacts are now irreversible: we
face a future of more frequent heat
waves and droughts, increasingly severe
weather events, and greater threats
from fire, pests and diseases. This spells
trouble for staple crops like corn, maize
and wheat, which millions of people
around the globe depend on. Without
effective adaptation, it is estimated
that yields could fall more than 30% by
2050. Hotter, more acidic oceans will
wreak havoc on the international fishing
industry. A significant loss of plant and
animal biodiversity is projected to bring
ecosystems to the brink of collapse, and
agriculture is largely to blame.
At the same time, the global
population is growing and mass
migration from rural areas into cities
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160 FARMS IN QUEZON CITY
Like many developing areas around the
globe, Quezon City in the Philippines
faces the complex burden of pervasive
malnutrition combined with growing
rates of obesity. Mayor Joy Belmonte
initially seized upon urban agriculture
as a means to mitigate hunger and
give low-income households their own
source of nutritious food. Under the “Joy
of Farming” initiative, the city has helped
establish more than 160 organic farms

in backyards, daycare centres, churches
and communal spaces since 2010, as
well as three demonstration farms
covering 1,500m2. When the pandemic
hit, severely disrupting supply chains,
it emphasized just how important
homegrown food could be: “Covid
exacerbated all of the food-related
problems in the city,” says Emily Norford
at EAT, who has been working with the
city government.

A food security taskforce was set
up to provide an emergency response
and to formulate a longer-term plan
to make the city more self-sufficient
in the event of future pandemics or
natural disasters. Urban farming is
a key pillar of both. In the first six
months of the pandemic, 36,000 seed
starter kits were delivered to schools
and community organizations. For
the future, the city intends to develop

Photo Richard A Reyes / Philippine Daily Inquirer

Covid-19 has highlighted the importance of self-reliance in the Philippines’ most populous city
urban agriculture at different scales,
from household gardens to commercial
operations, and has allocated a 7ha
plot for an urban farm that is expected
to produce 765 tonnes of vegetables,
including eggplant, squash and okra.
Accepting a local governance award for
the GrowQC Food Security Initiative,
mayor Belmonte said: “This programme
is a testament that we can be self-reliant
even if we are in a highly urbanized city.”
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Left Edible gardens,
pop-up furniture and
food trucks serving
meals aligned with the
Planetary Health Diet,
installed in Copenhagen
as part of a pilot project
led by urban planning
firm Gehl

The whole world doesn’t have to go vegan or even
vegetarian, just increase the proportion of plantbased foods that we eat and reduce everything else
Emily Norford, EAT

Photo Gehl

is putting yet more pressure on supply
networks. More than half the world
already resides in urban environments; by
2050, they are projected to be home to
almost 70% of 9.7 billion people. Those
cities will need to eat, and it’s not at all
clear how our food system — drawing
from a complex web of regional, national
and international sources to satisfy
consumer appetites — will feed them.
So how do we fix it? For many, the
answer is greater self-sufficiency. Urban
agriculture is gaining traction as a way
to shorten supply chains, reduce carbon
emissions, rebalance ecosystems and
put city dwellers back in touch with
where their food comes from. It is already
responsible for 15-20% of global food
production, with significant potential
for growth. But it also presents a whole
lot of questions, from how we should
prioritize different land uses to what
kind of urban lifestyles we will lead in
a less hospitable future.

A planetary diet
Before we determine what a sustainable
food system would look like, we first need
to ask what exactly we should be eating.
Around the world, food has sweeping
public health implications. Obesity is
estimated to kill nearly 3 million people
each year, and is linked to a host of other
health problems that will profoundly
challenge the viability of healthcare
systems in the decades ahead. A study
published in The Lancet found that
between 1990 and 2017, one in five
deaths globally were attributable to poor
diets that were high in salt and fat, and
low in fruit, vegetables and whole grains.
Perhaps the most comprehensive
answer to date is the Planetary Health
Diet, developed by the EAT-Lancet
Commission, which convened a panel
of 37 scientists in various fields to work
out how to feed a future population of
10 billion, healthily and sustainably.
Rather than a set menu, the result is
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ROOTS OF RECOVERY
As Christchurch rebuilt after the
deadly earthquake that struck in 2011,
the New Zealand city implemented a
Food Resilience Policy that allowed
for the use of public green spaces to
grow food. “The earthquakes were just
devastating, in terms of loss of life,
but also in terms of the buildings and
infrastructure destroyed,” says Meg
Back, a local landscape architect with
WSP. “They really put it in people’s
minds that we have to have a way to
look after ourselves.”
Back has been supporting the
Roimata Food Commons project to
develop a 10-year masterplan, carry
out a public consultation and secure a
lease to occupy the land. Since 2017,
it has transformed an area known
as Radley Park into an urban farm,
now home to more than 150 heritage
fruit trees, organic vegetable gardens
and a programme called Toha Kai,
which provides low-cost organic

fruit and vegetable boxes to locals.
Production is still small scale, but
coordinator Michael Reynolds has
already noticed a shift in attitudes
to food. “I’ve had at least a dozen
families tell me directly that they
have changed the way they eat due
to the Toha Kai,” he says. “They work
around what’s in the box each week,
as opposed to shopping for the same
meals at the supermarket.”
Back now volunteers at Roimata
and participates in its regular
programme of events. “In terms of
sustainable food systems, it’s a really
fantastic model,” she says. “The site
demonstrates good permaculture
practices — heirloom fruit trees, food
forest principals, hugelkulture — but
it’s also a great example of a group
doing some really amazing things
in the local community. Not just
growing, but educating and providing
food and other related activities.”

Photo Michael Reynolds

New Zealand earthquake prompted 10-year plan to “look after ourselves”

flexitarian and intended to adapt to
any geographic and cultural context.
“Essentially, we need to be eating a lot
more whole grains, fruits and vegetables,
and a lot less ultra-processed foods
and animal-based foods,” explains
Emily Norford, urban food systems
manager at non-profit EAT, which
works to catalyze a global food systems
transformation. “The whole world doesn’t
have to go vegan or even vegetarian, just
increase the proportion of plant-based
foods that we’re eating and reduce
everything else.”
So far, 14 major cities around the
world have signed the C40 Good
Food Cities Declaration, committing
to achieve a Planetary Health Diet for
all by 2030, with balanced, nutritious
food that reflects the local culture
and growing conditions. This includes
supporting greater consumption of
plant-based foods, reducing food loss
and waste by 50%, and aligning food
procurement policies to the principles
of the diet, ideally sourced from organic
agriculture.
For example, officials in Copenhagen
have been using its significant
purchasing power to drive demand for
local and organically produced food:
nearly 90% of the meals consumed
in its canteens are now organic, and
the supply chain offers a far more
diverse range as a result. As well as
restructuring procurement policies, staff
in the municipality’s 900 kitchens were
trained to cook from raw rather than
processed ingredients and to avoid
waste, allowing them to afford more
expensive organic foods without any
increase in budget.
Localized food production is central
to the Planetary Health Diet philosophy
— it also calls upon cities to set land aside
for urban agriculture and community
gardens. “It’s about awareness of where
your food comes from and finding
ways to prioritize food that’s produced
closer to where you’re actually going to
consume it,” Norford says. “By focusing
on local food, that means you’re also
focusing on seasonal food, so what
grows best in your geography.”

Cities, not islands
But how self-sufficient could a city
ever hope to be? The potential of urban
agriculture depends on many factors
and varies from one place to the next.
A 2018 study estimated that if cities
all over the world used vacant land for
urban farming, they could produce up
to 180 million tonnes of food annually,
approximately 10% of global legume and
vegetable crop yields. Another recent
study found that many cities in the less
populous middle and north-west regions
of the US could feasibly feed their entire
populations with food produced locally
— especially if consumers were to eat
less meat.
On the other hand, researchers
exploring the potential for urban farming
in Boston, US, found that all of its vacant
land and rooftops could supply only
30% of the city’s fruit and vegetable
demand. Many cities, particularly in the
northern hemisphere, will be incapable of
providing residents with the variety they
have come to expect. If you live above the
equator and are accustomed to buying
pineapples at the nearest grocery store,
then eating purely local might feel like
taking a step backwards.
Arguably the good news here is that
transportation is far from the biggest
impediment to building a low-carbon,
future-proof food system: what you eat
counts for more than where it comes
from. Although more than a third of
total greenhouse gas emissions are
the result of global food production,
most of those emissions come from
animal agriculture. Experts estimate
that if all the cows being raised for food
were a single country, it would be the
third-highest greenhouse gas emitter in
the world. Food animals also require a
huge amount of space, with more than
26% of the planet’s land being used
for livestock grazing, and 33% of total
available crop land currently used for
livestock feed production.
Even the most sustainable ways
of making animal protein still result
in higher greenhouse gas emissions
than plant-based sources, according
to a 2018 study by researchers at
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A localized diet might reduce your greenhouse gas
emissions, but a plant-based diet that isn’t necessarily
local will reduce it by eight times as much
Julie Sinistore, WSP
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With current production methods, I don’t think it’s
possible for a city to feed itself and to supply all the
diverse fruits and vegetables a consumer wants
John Reich, Foundation for Food &
Agriculture Research
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the University of Oxford and Swiss
organization Agroscope. This analysed
hundreds of life cycle assessments for
different food products all over the
world, examining the carbon footprint,
energy and water use per grams of
protein from different animal sources,
such as beef, lamb, cheese, pork and
eggs, in comparison with plant-based
options, such as tofu, beans, peas and
nuts. It also looked at the potential
for eating more local foods to reduce
environmental damage. Another study
from 2008 by Carnegie Mellon University
compared the relative greenhouse gas
impacts of food production versus longdistance transportation, aka the popular
concept of “food miles”. It found that
what consumers ate and how it was
produced accounted for 83% of the
average US household’s food-related
emissions, far outweighing the 11% linked
to how far it had travelled. No matter how
close to the food source you are, nothing
measures up to eating less meat, says
Julie Sinistore, senior project director
in WSP’s US sustainability, energy and
climate change team: “A localized diet
might reduce your greenhouse gas
emissions, but a plant-based diet that
isn’t necessarily local will reduce it by
eight times as much.”
What you see is what you eat
But can people be persuaded to eat
differently? Food is deeply personal.
It is tied to our identities, memories,
culture and sense of place. With
governments unlikely to outlaw meat
consumption, the biggest impediment
to the adoption of more plant-based

Opposite RIPE is an international research
project that is hacking the complex 170-step
natural process by which plants convert
sunlight into energy. The aim is to engineer
crops to improve photosynthesis and,
ultimately, yields
Above right Perfect Day’s animal-free milk
protein is identical to the protein found in
cow’s milk, but it is made from microflora
that are fed with plant sugars and fermented

diets remains individual choice. And
while vegetarianism and veganism
are gaining traction in some societies,
demand for meat is going up as the
global population grows and more people
adopt a Western diet.
One component of a sustainable
urban food system is a built environment
that encourages consumption of healthy,
sustainable food, says Norford. “Your
physical surroundings, especially in a
city, have a huge impact on how you
behave around food, what you eat and
the food choices you make,” she says.
“If you’re walking down a city street or
taking public transportation and you’re
exposed to advertising for unhealthy
foods, or if there are fast-food stands all
around you and that’s what is easy and
convenient on your way home, those are
the choices people will make.”
Now imagine a different reality. You
walk out of work at the end of a busy
day. A food truck awaits you, offering
affordable meals made with fresh fruits
and vegetables, picked that day from
your local urban farm just across the
street. You grab a snack and head home
to prepare dinner for the night, pulling
from your backyard garden or indoor
hydroponic system. Norford describes
a pilot project in Copenhagen, led by the
urban planning firm Gehl, which involved
the installation of edible gardens, popup furniture and food trucks serving
meals aligned with the Planetary Health
Diet. “There are many different food
environment interventions that can help
make healthy and sustainable foods the
convenient choice,” she says.
Part of this is reacquainting city
dwellers with where their food comes
from — and it is here that urban farming
can have an impact far beyond what is
actually grown. This has been the most
significant legacy of the Roimata Food
Commons project in Christchurch, New
Zealand. When coordinator Michael
Reynolds first started the project, he
had many conversations with local
people who didn’t know much about
how food is grown. “That is changing.
Our customers are realizing a lot more
about what is in season at particular
times of the year in our region, and it is
P30
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THE WHEY FORWARD
Can lab-grown meat and animal-free dairy change the world?
At WSP, Julie Sinistore has recently completed a life cycle assessment for
Perfect Day, a company that makes whey protein without using cows. The whey
is identical at a molecular level to whey from dairy sources but is produced by
way of fermentation. This method results in up to 97% fewer greenhouse gas
emissions than conventional production methods, the assessment found. WSP
is also working with Perfect Day’s partner company, Brave Robot, which makes
dairy products out of the animal-free whey, on a life cycle assessment that will
enable it to display its carbon footprint on the label of its ice cream.
And there is hope for meat eaters too. “Clean meat or cellular meat is using
technology to make meat without animals, which could completely change the
world,” says Sinistore. A life cycle assessment by the research firm CE Delft found
that a transition to lab-grown meat could be scalable and cost-effective enough
to compete with traditional meat production by 2030. Additionally, lab-grown
meat production would result in the use of 95% less land, 78% less water and
cause 93% less air pollution compared with conventional beef production. The
assessment also determined that its carbon emissions would be 92% lower than
beef, 52% lower than pork and 17% lower than chicken, assuming the lab-grown
meat facilities run on renewable energy sources.
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Meanwhile, outside the city …
Reynolds doesn’t see urban agriculture
as the whole solution — he wants it
to be an additional source of healthy
food for the community, rather than the
only option available. “It is not adding
resilience to the food system if people are
reliant on one food source for everything
they need,” he points out.
We will still need large-scale
agricultural production — which
means we also need to address the
environmental impact of current

Left The area of organic farmland
worldwide continues to grow, reaching
72.3 million hectares in 2019 or 1.5% of the
total. Half of this was in Australia
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breaking cycles and setting up much
healthier intergenerational patterns.
That is the bit of this work that really
excites and drives me. We’re trying to
shine a light on the way the food system
works or doesn’t work for people, and
inspire them to do things differently.”

farming practices. “Today, our food is
grown in a very agriculturally intensive,
carbon-intensive, pesticide and fertilizer
intensive way,” says Adarsh Varma,
an economist and director in WSP’s
UK advisory team. “Commercial food
production creates enormous amounts
of waste and CO2 emissions at the
cost of biodiversity. We’re clearing land,
polluting rivers and creating a lot of other
environmental problems that we just
can’t see. We are blind to it.”
Like other sectors, agriculture is
under pressure to reduce its carbon
emissions — which presents an
opportunity for a bigger-picture rethink
on how we use land. There is plenty
of scope for agriculture to mitigate
its contribution to climate change,
says Jenn Packer, a decarbonization
adviser at WSP, based in Ontario. For
example, biogas from by-products such
as manure could be a source of green
energy to power farming operations,
or upgraded and blended into natural
gas supplies. In the longer term, the
development of a green hydrogen
supply will enable the production of

P68

Food production clears land, pollutes rivers and
creates a lot of other environmental problems that
we just can’t see. We are blind to it
Adarsh Varma, WSP
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‘THEY BREAK MY ENGINEERING HEART’
The trouble with vertical farms …
Vertical farms have seized the global imagination, as a
high-tech and apparently hyper-efficient way to feed
the cities of the future. With aquaponics, hydroponics
and aeroponics, plants are grown in stacked beds, using
precisely targeted nutrients and much less water than
in conventional farming. For an engineer, it’s almost the
perfect puzzle. “You get to play with all of the pieces — air
flows, water temperatures, inputs — twist the knobs and
see what it does,” says Joseph Millham, an HVAC engineer
with WSP based in Los Angeles. “It’s an engineer’s dream.”
This is what got Millham hooked when he was in
college and for several years afterwards, when he became
involved in setting up a large-scale aquaponics system in
an old meat-packing plant in Chicago. “The waste from
the fish was filtered and converted to nitrates to feed the
plants, and then those plants filtered the water so that the
fish could swim. Our only inputs were fish food and light.”
Yet despite his enthusiasm, he has come to the conclusion
that vertical farming will only become a mainstream part
of the food system under certain circumstances. “If you
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near-carbon-neutral fertilizer, while
biochar — made by thermal conversion
of organic materials in a low-oxygen
environment — could improve soil quality
and sequester carbon.
“Agriculture is currently a source of
carbon but it also holds the potential to
be a carbon sink,” says Packer. “There
are various farming techniques that can
achieve emissions removal, including notill planting, enhancing soils with cover
crops, making better use of crop residues
and mixing trees with agricultural land.
Net-zero opens the door to new ways
of creating carbon sinks and rethinking
agriculture practices.”
It is much harder to quantify the
carbon sequestered by nature-based
solutions in comparison to industrial
ones: often it can only be estimated, says
Packer. But the fast-developing field of
natural capital valuation means that it is
increasingly possible to put a financial
figure on the wider ecosystem services
that nature provides — and therefore to
drive more sustainable ways of managing
the environment.
Varma advises investors and
developers on the economic impact
of projects and, over the past decade,
he has noticed a fundamental shift in
how land is valued and how the costs of
different activities are calculated: “You
can make a lot of money by investing in
certain types of industrial activity, but if
it damages the environment or creates
social problems, then increasingly
advisers will not make that kind of
decision,” he says.
Varma’s job is to capture the true
cost of a project, including all of the
financial, environmental and social
impacts. For example, if a development
destroys green space, there will be
a monetary and environmental cost
associated with a higher flood risk or
greater reliance on air conditioning. If
industrial activities worsen air quality,
there might be a financial cost linked
to absences from workers getting sick.
“We are increasingly able to monetize
the damage we are causing to the
environment and the benefits of reducing
carbon and protecting or enhancing
nature,” he says.

want to reduce food miles, or find a way to use decaying,
empty city lots, then it makes sense. But if your goal is to
produce cheap tomatoes for everyone, then probably not.”
The fundamental problem is that fruit and vegetables
must have strong, direct overhead light, so high-density
vertical farming must recreate the sun, usually a free,
abundant resource. This means using LED lights, which are
energy-intensive in both their manufacture and consumption.
Improving efficiency is possible, but typically involves
increasing costs elsewhere — whether financial or in terms
of embodied carbon or higher quantities of toxic materials.
This is just one of the trade-offs that vertical farming
forces us to make, says Millham. “There are neat projects
out there that are doing good and important things, but
generally they break my engineering heart — through poor
equipment use, huge energy costs, toxic lighting. In general,
the tendency is to just throw more energy at issues that arise
— pollination, temperature swings, etc — and I don’t think
that’s always better than what nature has come up with.”
Interview by Katie Puckett
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This is also being reflected in
regulations: in the UK, new developments
or changes in land management must
now assess the impact on biodiversity
and are required to deliver a net gain of
10% over a period of at least 30 years.
As a result, developers are beginning
to recognize the potential value in leaving
land wild, designating it for agriculture
or including greenbelts in new projects,
says Varma. To build on this, his team
are looking to create a catalogue of
ecosystem services that can first be
measured, then monetized. “This will
help us to develop innovative business
models to connect sellers such as land
owners and farmers with buyers, such as
insurers, utilities and local authorities.”
Technology to the rescue
But could the world realistically feed
10 billion people without intensive
farming methods? This is the subject
of much impassioned debate. One study
found that a global conversion to organic
agriculture would reduce nitrogen and
pesticide use, but require more land
to produce comparable yields. Others

SPACES

argue that only by abandoning such
destructive practices can we hope to
bring about the necessary transformation
of food and agricultural systems. The
growing agroecology movement
focuses not only on working with local
ecosystems using techniques such as
crop diversification, natural fertilizers and
rainwater collection, but on empowering
small farmers and securing land rights.
Food technology is also evolving
rapidly: tomorrow’s cities may feed
themselves in ways we can’t yet
contemplate. While labs are continuing
to explore new ways of creating animalfree meat and dairy, one of the fastestgrowing models is vertical farming
— a high-tech, high-yield method that’s
a million miles away from backyard
gardening. These indoor facilities provide
a controlled environment to grow plants
year-round in stacked beds, without the
need for vast swaths of land. They also
use significantly less water and fewer
chemicals than conventional farming.
But they are a long way off being able to
compete with conventional farming on
cost — since indoor agriculture doesn’t

There are several companies out there that grow
insects for further processing and use in pet food,
and they’re trying to do it for human food as well
Diana Bennett, WSP
P35
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Far left Beyond
Meat sausage,
made from
proteins such as
peas and brown
rice, with coconut
fats and potato
starch
Left Large-scale
production of
mealworms in
the Netherlands.
Having been used
as animal feed
for many years,
this source of
protein is now
being processed
for human

benefit from free use of the sun, LED
lights are a major cost and energy suck,
as are the environmental controls and
heating and cooling systems. As of now,
the carbon footprint of a vertical farm is
significantly higher than a greenhouse of
similar size. They are also only capable
of producing a handful of crops —
predominantly leafy greens.
“To decrease costs, we need more
plants adapted to those systems,”
says John Reich, scientific program
director for urban food systems at the
Washington DC-based Foundation for
Food & Agriculture Research. Tomatoes,
green beans, cucumbers and zucchini
are ideal candidates to grow indoors
and vertically, while space-hungry staple
crops such as wheat, corn and rice may
never be compatible. “With current
production methods, I don’t think it’s
possible for a city to feed itself and to
supply all the diverse fresh fruits and
vegetables a consumer wants,” says
Reich. “Our dietary patterns are just
not based on the growing season. But

local food sheds are still an important
part of our food system in that they
can complement other food sources
and make us more self-sufficient and
resilient to shocks.”
Another promising area of research
is called precision agriculture, which
Reich says could make farming
more efficient overall. This approach
includes developing drought and heatresistant crops, reducing water and
fertilizer use while increasing yields,
and even adapting plants so they
can photosynthesize more efficiently.
Precision agriculture technology is still
in its infancy, but could eventually be
applied to crops in both rural and urban
areas. In cities where the soil may be
contaminated — for example, with heavy
metals — precision farming practices and
indoor farming could together offer an
alternative to traditional urban farms.
No food wasted
Increasing production can help feed
more people, but we still have to tackle
P24

one of the major barriers to building a
sustainable global food system: food
waste. The United Nations Food and
Agriculture Organization estimates that
one third of the world’s food is lost or
wasted every year. Urban agriculture
could help to reduce waste at an
individual level, by making consumers
more aware of the effort and resources
that goes into producing food. At a
commercial scale, meanwhile, byproducts that are currently thrown away
are becoming new inputs to the process.
Diana Bennett, food and beverage
market leader within the energy,
resources and industrial group at WSP,
cites the example of one client that
has developed a way to break down
its agricultural waste, release the
carbohydrates and convert them to
sugar. This could offer an alternative
to the use of large land parcels to
grow corn for corn syrup, she says.
Another company takes the carbon
output from commercial boiler systems
and uses it to feed algae, which is
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consumption

harvested to make spirulina and other
health-food additives. Food waste can
also feed insects, which are rich in
protein and healthy oils. “There are
several companies out there that grow
insects for further processing and use
in pet food, and they’re trying to do it
for human food as well,” Bennett says.
From home hydroponics to precisionengineered crops, the future of food
promises to look very different to
today. And it needs to, given how far
away today’s production and supply
chains are from being healthy, resilient,
carbon-neutral and in balance with
nature. For cities, concepts such as
urban farming and local production
are not about harking back to some
historic rural idyll. If we do succeed
in creating a sustainable global food
system, it will be a first. Food scarcity
and insecurity have been constants of the
human story since our very earliest days.
The challenge may be huge, but there’s
never been a better time to change
the narrative.
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‘MUSSELS HAVE A CARBON FOOTPRINT EVEN LOWER THAN APPLES OR CARROTS’
Not only are blue mussels a low-carbon protein source, they can clean water of pollution too. Are they the missing link in the sustainable food chain?

Maren Moltke Lyngsgaard is a marine
biologist at WSP, and part of the team
that has developed a value chain that uses
mussel farms to recycle nutrients. This
can not only provide a healthy, low-carbon
source of food for humans and feed for
aquaculture and agriculture, but reduce
excess nutrients in coastal waters and
increase biodiversity. The work was carried
out in collaboration with aquaculture
companies TripleNine, Leroy Seafood and
Blue Biomass, as well as researchers from
Copenhagen University and Denmark’s
Ministry of Food, Agriculture and Fisheries.
She also worked with seafood specialist
Mikkel Wejdemann on a cookbook of
simple mussels recipes, Blå (“Blue”), to
increase local demand for this unique,
sustainable resource.

Why mussels?
Blue mussels are incredibly adaptable
creatures, and they can survive in a wide
range of environmental conditions. Unlike
most animals within industrial agricultural
food systems, they don’t need to be fed by

much lower carbon footprint, decreasing

biomass that can be produced in a cost-

mussels that are ready to be harvested.

humans and they don’t require antibiotics.

the pressure on natural fish stocks and
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necessary for it to become commercially

for the fish meal to produce a feed with a

important difference is the amount of

they are “thinned”: brushes remove the

viable for the feed industry.

and agriculture involves processing large
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How do mussels “recycle nutrients”?
Mussels are “filter feeders”, which means
they filter microalgae as part of their
natural life cycle. So the mussel farm not
only creates a viable aquaculture product,
it filters the water in the process.
Denmark has a large agriculture
industry — there are five times as many
pigs as people — and many of our local
water bodies and coastal systems are
plagued with high levels of pollution from
agricultural runoff. When nutrients such
as nitrogen and phosphorous get into
marine ecosystems, it creates ideal
conditions for the growth of microalgae,
and these can deplete the water of oxygen
and leave it in a poor ecological state.
When there are too many microalgae,
We wanted to explore how blue mussels
could be used to tackle this problem, which
has far-reaching consequences, not just
for the marine environment, but also for
local communities.
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this process is known as eutrophication.

The biggest artificial filter can clean
about 41,500m3 per hour, whereas our farm

the perfect conditions for crustaceans,

filters about 2 million m3. It also removes

which in turn provide a food source for

the equivalent of 100-130 tonnes of nitrogen
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per year, making it a comparatively efficient

species.

Lyngsgaard of WSP is

way of remediating waterways affected by
agricultural runoff.

So we actually found a higher

part of a team exploring

biodiversity under the mussel farm than

how mussel farms

in other areas. There were species of

could be used to recycle

How else does the farm affect the
surrounding ecosystem?

crustaceans and fish that aren’t typically

nutrients

We found that it reduced algae levels in

eutrophication, and even evidence of
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the surrounding waters too, by a factor

species that hadn’t been seen in that fjord

consists of a series of

of two to four, helping to improve water

since the 1990s!

floating tubes, each

clarity and visibility.

found in areas that have experienced

We’ve discovered huge potential

120m long, with the

But perhaps the most interesting

here. Projects like this represent just

mussel larvae attached

result was what happened underneath.

one of hopefully many new solutions for

to 3m-deep nets in the

We expected to find less biodiversity, as

feeding a growing global population with a

water underneath

organic material sedimented from the

healthy and sustainable food source, while

mussels to the ocean floor usually results

simultaneously restoring ecosystems,
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in less marine life. But to our surprise, a

increasing biodiversity and reducing

traditionally grown on

natural reef had been created. Live mussels

carbon emissions.

3m-deep lines that need
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W O RD S B Y K ATI E PU C K E TT

Walking and cycling are often presented as a
magic bullet for many of today’s urban woes,
from congestion and air pollution to obesity and
poor mental health. But they’re a hard sell for
municipalities seeking to win over their citizens,
amounting not only to a significant lifestyle change
but a completely different approach to city planning.
Making space for active travel usually means
taking it away from cars, taxis and commercial
vehicles — overturning decades of motor-centric
policies and inevitably provoking loud objections.
It’s one thing to widen pavements or install cycle
lanes; it’s another to persuade people to use them.
Supporters of active travel believe there is a silent
majority who are receptive and willing to adopt new
habits, but how to engage with them?
The Possible spoke to transport planners in two
very different, very car-centric cities, to find out
what they’d learned about tackling one of the
hottest potatoes in local politics …

1
WES T BA LT IM O RE, U S

Like many US inner cities, West Baltimore has been blighted
by car-centric planning and historic disinvestment. Now, its
transportation planners want to right past wrongs by turning
an eight-lane expressway into a ‘Complete Street’

PHO TO GR APH S B Y Z H E E C HATM O N

A

uchentoroly Terrace in West
Baltimore should be one of the city’s
healthiest, most sought-after streets.
It is just 143 feet from Druid Hill Park,
745 acres of lush green oasis that ranks
alongside New York’s Central Park.
From their doorsteps, the residents of
Auchentoroly Terrace can admire its
lawns, rolling hills and forest, and listen
to live music from the weekly farmers
market. But what they can’t do, easily
or safely, is actually walk to the park
itself — because crossing those 143 feet
means stepping out into eight lanes of
fast-moving traffic.
T h e D r u i d Pa r k L a k e D r i v e
expressway is a major arterial road
that funnels cars from the I-83
interstate through this predominantly
residential area at speeds of 60mph.
It’s also why the neighbourhood has
over 100 vacant properties, why it
ranks among Baltimore’s worst for air
pollution, cardiovascular disease and
cancer, and why its asthma-related

hospitalizations are more than three
times the US average.
The presence of the expressway is
not an unfortunate accident. Rather, it’s
a roaring, fume-choked symbol of the
deliberate harm inflicted on the innercity neighbourhoods of US cities during
the 20th century. West Baltimore was
doubly blighted, first by the practice of
“redlining” that denied investment to
minority communities, then by planning
policies that prioritized fast car journeys
above everything else. In the 1950s and
60s, expressways were constructed
around the park so that the wealthy
white commuters who’d moved out to
the suburbs could get downtown quickly,
and more than a dozen historic entrances
were reduced to just five. The Black
and Jewish neighbourhoods through
which the roads were ploughed were
not consulted, their objections ignored
— and their access to Druid Hill Park
was severed, apparently forever.
Or perhaps not.
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In 2018, Baltimore joined the national
Complete Streets movement and
adopted an ordinance that it hopes
will change the city’s transportation
landscape, and redress the skewed
balance between rich and poor, car
owners and those without. Projects will
now be guided by the principles in its
Complete Streets Manual, published
in March 2021. This elevates the
importance of pedestrians, bikes and
transit users, and directs resources to
level up disadvantaged areas rather than
equally by geography. Druid Park Lake
Drive is one of the city’s first targets
for improvement — in the low-income
neighbourhoods that surround Druid
Hill Park, a majority of residents do not
have access to a car.
“Complete Streets formalizes that
there’s a need to spend transportation
dollars in a way that’s equitable and
reflects a social justice aspect that hasn’t
existed in decision-making before,” says
Will Ethridge, a city planner in Baltimore’s
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Department of Transportation. “And it
acknowledges that there’s a significant
proportion of the city that relies on being
able to walk and bicycle and use public
transit, and that for a long time has not
been a priority.”
Druid Park Lake Drive is a perfect
illustration of the negative impacts that
accrue from a myopic focus on access
for motorists, and giving them even
more road space as the only solution
to congestion. There are few crossing
places and even residents who are
physically fit and unencumbered struggle
to make it across spans of up to 70 feet
with cars bearing down. For those who
are accompanied by small children or
who have limited mobility, it can feel
like an insurmountable barrier.
“The cars drive very fast and they do
not yield to pedestrians,” says Graham
Coreil-Allen, a public artist and president
of the Auchentoroly Terrace Association.
When Coreil-Allen moved in nine years
ago, he was shocked to discover that
his elderly neighbours never visited the
park, while others would drive two blocks
just to get there. Nearby, numerous
buses and the subway depart from
Mondawmin station, the city’s second
busiest hub. “But just walking to that
transit hub is very dangerous because
there are all these cars everywhere going
at exceptional speeds,” he says. Local
residents’ cars are often side-swiped
by out-of-control drivers, he adds, and
there are frequent accidents and even
more frequent near-misses.
Not all the cars drive past: CoreilAllen says that they also bring custom
for the street-corner gangs that
intimidate residents. “It might not seem
like it’s directly related, but because
our neighbourhood is surrounded by
highways, it’s essentially a drive-thru
situation where people are coming
from as far away as Pennsylvania to
purchase illegal drugs and contribute
to that economy, to the detriment of the
people who actually live here.”
Coreil-Allen and his neighbours
have had a tantalising glimpse of
how things could be: in 2018, during
improvement works to the city water
supply on the other side of the park,

a temporary shared-use path dubbed
“the Big Jump” allowed pedestrians,
cyclists and wheelchair users to safely
cross the Jones Falls Expressway for the
first time in 50 years. For them, it was
a revelation. But neither that project
nor the current plans are popular with
everyone. Emotions have run high during
the consultation process, as the debate
has polarized between passionate local
advocates of pedestrian safety and
equally passionate residents of outlying
areas who don’t want to have to spend
any longer behind the wheel.
Taking space away from cars is
always a controversial proposition: for
those who feel they have no choice but to
drive, fear of congestion looms large. But
Baltimore’s Complete Streets initiative

has tapped into a much deeper schism
in an increasingly divided US society,
riven by culture wars and alternate
realities. In this atmosphere, the issues
in play are far bigger than a stretch of
bike lane or a few more crosswalks. It’s
about privilege, ownership, whose voices
should be heard and, ultimately, whose
lives matter more. This is the debate that
the city has been drawn into, and it’s one
that it has to win if West Baltimore is
ever to be a safe place to live.
“There’s just a lot of passion and
energy about this particular project,”
says Wes Mitchell, who leads WSP’s
local transportation planning business
and has been supporting the city. “You
have to keep in mind that the roadway
has been in place for decades and there
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The cars drive very fast and they do not yield to pedestrians
… Just walking to the station is very dangerous because
there are all these cars everywhere
Graham Coreil-Allen, Auchentoroly Terrace Association
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has been a very auto-centric view of
transportation. So when we’re talking
about a change like this, we’re almost
looking at a paradigm shift in the way
people view this particular roadway
and the way they view infrastructure in
general. That’s one of the biggest hurdles
that we’re overcoming right now.”
So far, the project has primarily
been an exercise in listening — and
being seen to listen. The transportation
department is coming to the end of a
year-long design effort, during which
it has consulted with communities
around the park and further afield, and
analysed road-use patterns along the
park’s southern and western borders.
Based on this, the team has created three
concept layouts for a two-mile corridor
encircling the park, each intended to
calm the traffic, make it safer for other
road users and restore lost connections.
“One of the things I’ve heard a lot from
different groups is that there’s been a
tendency in the past for the department

to ignore certain people or certain groups
or certain neighbourhoods, because we
come to a project with a preconceived
notion about who’s important and
who is not,” says Ethridge. “So we’ve
tried to make an emphasis on treating
everybody equally.”
On one hand, this has involved
making a greater effort to seek the views
of groups who have historically been
marginalized — not only deliberately,
but by conventional approaches to local
democracy. The city’s representatives
have spent time in the neighbourhood,
visited the farmers’ market, held pop-up
events, spoken to drivers through their
windows. “Not everyone goes to the
traditional type of community meetings,”
Coreil-Allen points out. “They may just
not be interested, or they may be working
two or three jobs or taking care of kids
at home, and they just don’t have the
bandwidth to participate.”
Ethridge’s team have also gone out of
their way to demonstrate that they are
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still listening to car users too — even if
the Complete Streets ordinance is clear
that they will not take precedence. “Even
if you live a mile and a half away and you
just drive through the neighbourhood, if
you’ve got a valid concern and we can
make an improvement that helps you
without hurting the people who live
there, we’ll take a look at that idea and
see if we can incorporate it,” he says. “If
any of the concepts are implemented,
there is definitely going to be a need
for public outreach, not only signage
on the roadway to say there’s going
to be construction coming, but also
reaching out to community organizations
and stakeholders, telling them what’s
happening, why it’s happening and
what to expect.”
Ethridge has also tried to emphasize
the road safety angle, that it’s in drivers’
own interests to slow down. As well
as Complete Streets, Baltimore has a
“Vision Zero” policy with the goal to bring
traffic fatalities to zero, not only between
cars and pedestrians and cyclists, but
with other vehicles too. “I think we’re
going to be asking drivers more and
more to slow down, to pay attention, and
implementing traffic-calming policies
that are designed to save people’s lives.”
The three design options address
Complete Streets principles in slightly
different ways. There is a plan with a
single lane of traffic in either direction,
which reduces crossing distances to 20
feet and reclaims space for the park; a
hybrid plan with two westbound lanes
and one flowing east, which includes
a localized roadway for Auchentoroly
Terrace residents; and, most car-friendly,
a plan with two lanes in each direction,
but with additional intersections and
longer crossing times. All three add a
shared-use path next to the park and a
bike path on the opposite side.
The concept designs were presented
at a public meeting in October 2021, and
from Ethridge’s point of view, it went a
lot better than a previous, much more
stormy, session back in April. “At that
meeting, there was a lot of backlash that
our focus was on the neighbourhoods
in close proximity. This time, I think
there was an acknowledgement from

When we’re talking about a change like this, we’re
almost looking at a paradigm shift in the way people view
this particular roadway and infrastructure in general
Wes Mitchell, WSP
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We want to make sure that we don’t price people out …
Whatever change we bring to the community, we want it to
help people, not hurt them
Will Ethridge, City of Baltimore

community organisations further away
that at least we did not ignore all of their
concerns. So from my perspective, it was
a very successful meeting.” But Ethridge
wasn’t reading the chat window. He
found out later that what was intended as
an overspill for the Q&A had deteriorated
into a heated debate. “It seemed like
instead of asking questions, people
were making statements back and forth
at one another.”
Going out to the wider community
not only produces a more representative
sample, says Mitchell, it also amplifies
the more moderate voices that make up
the mainstream — public meetings are
disproportionately attended by those
who have more time and money, but also
by those with the most strident views.
“It’s all good information, but what we
need to do more of is meeting people in
their natural environment, when they’re
just going to the store or they’re walking
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through the neighbourhood or they’re
waiting at a stop-light. That’s where we
can get a more even-keel view.
“One of the things that we have to
do is to humanize the whole situation,
and try to have people be a little bit
more empathetic to their neighbours.
That five minutes that you have to sit in
a little more traffic to get to work, does
that outweigh the needs and safety
concerns that these individuals that are
adjacent to the park are dealing with on
a regular basis? Trying to make it more
of a community discussion versus an
individual discussion, to take it out of
the ’me’ and look at the ‘we’ side of it.”
The data that the city has gathered
is also useful to cool the debate, says
Coreil-Allen — but only up to a point.
“Some of the folks who don’t want to
impact driving whatsoever will claim
that there’s no data to back this up,
and when we show the data that says
half of the folks in this neighbourhood
walk or take the bus or ride a bike or
use a wheelchair, then they question
it. It’s really important to have a welldocumented process to substantiate
it, because unfortunately we’re in such

a polarized world now that people are
even questioning facts.”
He argues that the data also highlights
a generational shift in approaches
to mobility. “When we think about
acknowledging the needs of existing
residents, it’s also looking to the future,”
he says. “For my Millennial generation,
owning a car may not necessarily even
be that attractive any more, while things
like dockless scooters are hugely popular.
We’re seeing a ton of young people who
are getting around by bike and scooter.
Some folks may say, ‘Oh, nobody gets
around that way’, but the statistics show
it and it needs to be acknowledged so
that everyone can have the same level
of safety and convenience as the folks
who have driven for decades.”
Even with a smo oth path t o
implementation — and with the big “if”
that it can secure the necessary funding
from state or federal government — it
could be six years before construction is
complete. The next step will be a more
detailed design of the three concepts,
and the city has allocated enough
funding to progress the chosen design
30% of the way, which will make it

eligible for federal funding.
“Baltimore has a grand tradition
of developing beautiful visions, not all
of which are built because they’re not
actionable,” says Coreil-Allen. “Hopefully
in ten years’ time, rather than saying
‘what’s happening?’ we’re going to say
‘wow what a remarkable impact, we
have such a gorgeous neighbourhood
and much better indicators of health’.”
Aside from failure, and traffic
gridlock, there’s another spectre that
haunts the project: gentrification. If the
neighbourhood really does improve that
significantly, what guarantee is there
that the current residents will be able
to enjoy it? This is out of the hands of
the transportation department, but
Ethridge says that the issue is always
at the back of their minds. This is not
the only investment planned for West
Baltimore or the park, and he has spoken
to other departments about the need to
support the existing community. “The
Department of Housing and Community
Development is looking at a lot of the
abandoned buildings and we want to
make sure that as we invest those dollars,
we don’t price people out and that they

can continue to age in place. Whatever
change we bring to the community, we
want it to help people, not hurt them.”
This is an all-too-familiar theme to
Coreil-Allen, who moved to Baltimore
from Brooklyn, the New York borough
that has become synonymous with
breakneck gentrification. It’s also a
familiar accusation against active travel
projects — cycling is often perceived as
a hipster, middle-class pursuit. But he
thinks it’s a red herring, a function of
the way the real-estate market is set
up, rather than a legitimate reason to
prevent investment in accessibility or
public safety. “We can’t let the threat
of gentrification derail the attempt to
reinvest in infrastructure in an equitable
way. Oftentimes the car lobbyists will
say ‘bikes lanes are for gentrification’
because there have been examples
where the perception was that a bike
lane went in and all of a sudden the
neighbourhood was too expensive. But
historically disinvested neighbourhoods
deserve nice things too. All of the
neighbourhoods need bike lanes, and
bus lanes, and wheelchair ramps. We
can’t lose sight of that.”

Read the story of Zhee Chatmon’s photo
essay at the-possible.com/art

2
EX ET ER, U K

Road closures and pop-up cycle lanes were a common
aspect of the Covid-19 response across the UK. But few
cities were as well placed as Exeter to act quickly, for the
long term — and without upsetting too many local residents

PH O TO GR APH S B Y TO M C AM PB E L L
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iding the cusp of acceptability” is
how Devon County Council’s Will
Pratt describes the biggest lesson from
its successful implementation of active
travel in the UK city of Exeter. “It’s about
just staying within the limit of what will
be accepted, being ambitious but not
going over the line.”
If that sounds simple, the challenge
lies in identifying exactly where the
line is — no mean feat as Covid led
policymakers to consider unprecedented
restrictions on freedom of movement. In
May 2020, as the pandemic prompted a
sudden reappraisal of urban life, the UK
government made £225m available for
local authorities to reallocate space to
help pedestrians socially distance and
to encourage cycling as an alternative to
public transport under the Emergency
Active Travel Fund. In towns and cities
across the country, roads were partially
or fully closed to traffic, pop-up cycle

lanes installed and space reallocated to
walking and cycling. It was change on a
scale that environmental campaigners
and cycling enthusiasts had hardly
dared dream of, and it had to happen
practically overnight.
Devon County Council — where Pratt
is a transport planning team leader —
was in a good position to respond. It had
already spent several years developing
a detailed, evidence-based transport
strategy for Exeter, and had secured
political buy-in for an ambitious target
that walking and cycling should make
up 50% of journeys. So when the council
was awarded £300,000 of emergency
funding, with £150,000 earmarked for
Exeter, they knew how they could spend
it. According to the Covid-19 measures
tracker from the European Cyclists
Federation, among UK cities Exeter
was beaten on kilometres installed only
by London — 30 times larger, 70 times
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more populous and the recipient of £5m.
And whereas vehement opposition has
forced the removal of many temporary
measures elsewhere, all but one of
Exeter’s nine pop-up changes are to
stay, either permanently or for further
consultation.
Though Exeter is home to just
120,000 people, it draws from a much
larger catchment of around half a million
from a large, mainly rural county. The
overwhelming majority of journeys from
outside the city are made by car. But
most local residents live within 5km of
their workplaces, and when the council’s
transport planners dug into the data,
they uncovered some of the highest
rates of walking and cycling in the UK —
accounting for around 35% of journeys
— and strong growth, with cycling trail
use increasing 5-10% year-on-year. Pratt
initially proposed that the strategy’s
active travel target be “the majority” of
trips, but the decision was made to aim
for 50% instead — just a fraction of a
percentage point less, but within the
limit of what would win political support.
“When we started pushing that vision
three or four years ago, people weren’t
sure it was realistic,” he says. “But we
had enough data to show that a target in
that ball-park might be achievable and
over time it was increasingly accepted.
When we consulted on our new strategy
in 2019, that was one of the most popular
measures in the whole thing.”
They had also identified the best
routes to achieve it. Exeter’s main arterial
roads are constrained by narrow railway
bridges, with limited opportunities to
create new cycle lanes without major
disruption to key vehicle, freight and
public transport corridors. So the
strategy was to focus on the smaller,
but still busy, connecting roads instead,
those carrying 5-6,000 cars a day, as
opposed to 20-30,000: “We took a view
that if you couldn’t provide a high-quality
cycle route along all of it, you’re better off
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to go between the main radial routes,”
explains Pratt. “We didn’t have much
money, so we had to just look at simple
interventions, such as closing a few roads
or banning them to through traffic.” They
chose two of the routes identified in the
transport strategy, extending southeast
and northeast from the city centre and
representing access to around 50,000
jobs. “That’s more economic activity than
in our next three biggest settlements
combined, so that became the focus.”
Pete Knight, principal transport
planner at WSP, was struck by how
quickly Devon progressed these schemes
compared with councils elsewhere in the
UK. “Will got on the phone as soon as
he could and told us what he wanted
to get done. Whereas other clients had
the funding but were still trying to work
out the way forwards, Devon almost had
the list ready to go.”
WSP’s Exeter-based transport and
local government team completed the
planning, design, legal formalities and
logistics, and the nine closures were
installed in June — providing new crosscity routes in less than four weeks.
The council’s highway contractors
are used to responding quickly with
emergency signage; they are less
accustomed to creating welcoming
streetscapes. The first iterations were
red and white traffic barriers — perceived
by some as “looking like the chicane
on a Grand Prix circuit” — replaced by
planters shortly afterwards. It quickly
became clear that improving the
streetscape would further boost the
public acceptance of the closures. “A
lot of people didn’t really care about
practicalities of walking and cycling,
or that there was less traffic,” says
Pratt. “They cared about the knockon impacts, which is that it became
a nicer, safer place to live and the air
was cleaner. People were socializing
more with neighbours, using the green
spaces outside their houses and letting
their children cross the road to play
on it. The industry is often very much
focused on evidence and numbers, but
perhaps not enough on people’s stories
and winning hearts and minds.” The
latter also appealed to local politicians.
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Whereas other clients had the funding but were
still trying to work out the way forwards, Devon almost
had the list ready to go
Pete Knight, WSP

The changes provided an unexpected
boost to homeowners in particular: “It
has created cul-de-sacs that are really
attractive to live on, and which maybe the
residents wouldn’t be able to afford to live
on otherwise.” When you widen a road or
put in a new junction to accommodate
more car traffic, the people living nearby
experience a disbenefit, he points out,
whereas enhancing networks for cyclists
and pedestrians has the opposite effect.
“Because people were benefiting, even
though it was a bit more difficult for them
to get around by car, most accepted
that trade-off. They were also so used
to traffic, that such a change in the
character of the road was difficult for
them to imagine.”
One of Pratt’s favourite letters arrived
two days after installation: “The resident
was complaining it was ‘typical council,
didn’t consultant with people, didn’t tell
anyone you’re doing it — but it’s amazing.
It’s completely transformed the street
and my quality of life’.”
For all the opprobrium that taking
space from cars provokes, he is
convinced that there is a silent majority
in favour. After the immediate flurry of
complaints had subsided, other, much
more positive letters started to come
in three or four weeks later. “They said
how transformational it had been,
and people don’t write to say they like
something unless they really, really like

it. The feedback on one scheme was
55/45 against, and when one of our
councillors went and knocked, she said
almost everyone said it was great, they
just didn’t have the time to respond to
this sort of stuff.”
It is still worth considering the
obvious opposition. “The fact that we
didn’t choose the main roads, and
were careful to not disbenefit public
transport or the roads that really affect
taxi companies, made a huge difference
— we were able to show that we were
trying to strike a balance.” In a second
phase of measures, the council did
close a main road in the city centre,
but allowed taxis as well as buses and
cyclists. “I think that was a very savvy
thing to do, because taxis alone could
have generated quite a lot of negativity.”
He also makes a case for pragmatism:
“Some abuse of restrictions doesn’t really
affect what you’re trying to achieve. We
took a road with 6,000 vehicles a day
and we currently have 100 vehicles a day
passing through the no-entry sign. The
street is still much, much safer.”
The council kept a record of all the
responses it received — more than 500
letters, as well as petitions and responses
on social media. “You’re always going
to have some people who are anti and
some loud objectors, but we could show
that we also had a lot of people and
organizations in favour. On one scheme,
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The industry is often very much focused on evidence and
numbers, but perhaps not enough on people’s stories and
winning hearts and minds
Will Pratt, Devon County Council
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we received a petition with around
1,000 signatures, and they claimed it
was about all the schemes in Exeter.
Luckily, because we had a log of all the
responses, we were able to show that
only one scheme was getting overall
negative feedback.” Removing that one
closure made the future more certain
for the rest, and demonstrated that the
council was prepared to make changes.
So what went wrong at Vaughan
Road, the one that failed to gain
local support? It’s the exception that
proves Pratt ’s rule about staying
within acceptable boundaries: “It was
probably a bit bolder than we originally
intended,” says Pratt. “But it was a unique
opportunity and we knew it would be
transformational for the traffic in the
whole area, so we said ‘let’s trial it’.”
There were demographic differences
between that neighbourhood and the
others affected by the closures too.
Pratt had anticipated the greatest
repercussions from the most affluent
street, but there the response was
overwhelmingly positive. By contrast,
Vaughan Road is in a less affluent area,
with lower levels of physical activity
to begin with. “It is a place where we
really need to promote active travel, but
it’s much harder as the feedback isn’t
so strong.” There is a perception that
cycling is an activity for the wealthy,
so active travel needs to be presented
in a more accessible, universal way if
it is to be more widely adopted. “What
has helped is being able to show huge
increases in walking, which everyone
relates to. The more you make it about

walking and about place-building, the
more people get on board.”
It also helped that there had been
significant investment in Exeter’s walking
and cycling infrastructure, with an onstreet network of e-bikes for hire, steadily
increasing cycle parking capacity, and
the 36km Exe Estuary Trail — something
of a “gateway drug” for lapsed cyclists. “It
genuinely is world-class infrastructure
— if you go down the Exe Trail on an
e-bike on a sunny day, it’s impossible not
to have a good experience.” Pratt thinks
e-bikes will normalize cycling by making
it more accessible, not to mention fun.
Use of Exeter’s e-bike hire scheme has
increased by over 500% since March
2020, and riders are noticeably more
diverse across age, gender and ethnicity.
The council is continuing to expand
the network, and working with WSP to
trial dockless e-bikes, which will allow
network capacity to be expanded more
swiftly and flexibly.
Pratt’s team is now gearing up for the
much more arduous process of making
the changes permanent, but he has been
inspired by how much can be achieved
with simple, inexpensive methods. “It’s
really easy to gold-plate everything, look
at a plan and say there ought to be a
high-quality cycle route here, and train
stations here. But we managed to find
the minimum number of interventions
to make some pretty major changes. I
think that’s what we need to do more
of going forwards — not just for climate
and for public health, but for our own
sanity, because ultimately we want to
be involved in making things happen.”
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THE
REALIST’S
ROAD TO ZERO*
We can’t build a net-zero world without using steel and
concrete, so reaching our goal means decarbonizing these
carbon-intensive industries. The trouble is, many of the
solutions rely on the same limited pool of green resources. Over
the following pages, The Possible explores the tough choices
ahead for policymakers in a world that’s running out of options

W O RD S B Y TO N Y W HI TE HE AD

* Or, how to build a more sustainable world without destroying the one we have
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CONCRETE AND STEEL
The production of cement and steel requires huge amounts of energy.
We can’t do without them, but can they ever be zero-carbon?
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Addressing embodied carbon is
more complex. Around one quarter of
all non-agricultural man-made CO2
emissions result from the manufacture
of materials and things. Paper, plastic
and aluminium together account for
around 4%, but steel and cement are
by far the biggest contributors — each
responsible for some 7-8%.
It is much harder to imagine a world
in which steel and cement are no longer
produced. You cannot make railway
tracks out of anything but steel. Ditto
container ships. Most white goods,
industrial machinery, trains, planes and
road vehicles all require at least some
steel. Cement is the vital ingredient in
concrete, which if anything is even more
ubiquitous. While it is easy to construct
a small building from timber, large
buildings require concrete foundations,
mortar and a structure made strong
by either steel or steel-reinforced
concrete. Bridges, sea defences, utility
infrastructures — including the wind
turbines, hydroelectric dams and nuclear
power stations that will decarbonize the
energy supply — are impossible to make
without steel or concrete. There is no
other material that matches steel’s lowcost combination of strength, stiffness
and hardness, nothing to rival concrete’s
mix of cheapness, strength, mass, fire
resistance and durability.

Artwork Sam Jenkins

ou might be trying to lose weight,
cut costs or finish a city marathon
— but there is no doubt that with many
things, the closer you get to your goal
the harder progress becomes. So when
you have picked the low-hanging fruit,
applied the 80-20 rule, and experienced
diminishing returns, you realize that
it is not for nothing that there are so
many ways of describing the situation
you are in. As when you try to reach the
speed of light, each additional metre
per second needs more energy than
the previous one until eventually the
requirement becomes infinite — and
apparently impossible.
Now let’s talk about net-zero carbon.
Much of the world plans to reach this
target by 2050 and, on the face of it,
we seem to be heading in the right
direction. Your home, your commute,
your business, your light bulb, pretty
much everything in fact, almost certainly
does what it does at the expense of much
less CO2 than 20 years ago. We are more
efficient, and we have changed the way
we do things. So if we just continue
along the same path, we should get to
net-zero, right?
Unfortunately it’s not that simple.
It is probably embodied, rather than
operational carbon, that will represent
the highest-hanging fruit, or the hardest
20% to cut. It is relatively easy to at
least imagine a world from which our
operational use of coal, gas and oil
have been eliminated. In this fossilfree future, all vehicles are electric,
powered by batteries charged from
renewable energy sources. Buildings,
too, are electrically powered and heated.
Electrifying railways is nothing new,
and the first battery-powered ships are
already in operation. Even aeroplanes
can be powered by hydrogen or biofuel.
Generating enough renewable energy
to meet all this new demand already
represents an unprecedented challenge
for the nations of the earth. The amount
of fossil power that must be replaced is
colossal. But with sufficient investment
in renewables such as wind turbines,
solar farms or, more controversially,
nuclear power stations, it is at least
theoretically possible.

The problem of process emissions
At first glance, this seems to present a
similar problem to operational carbon.
The production of cement and steel
requires large amounts of energy to
heat and process the raw materials
of limestone and iron ore respectively.
This heat is currently provided by gas
or coke — so couldn’t we decarbonize
both by using electrically generated
heat from renewable sources instead?
Not completely. The creation of both
steel and cement involves chemical
processes that release carbon gases, and
these process emissions account for the
greater part of their embodied carbon.
To illustrate this, compare the carbon
bill for “virgin” as opposed to recycled
steel. “At the moment, steel production
globally produces on average around

Recycling scrap steel
in an electric furnace
can reduce the embodied
CO2 per tonne from 1.9 to
0.3 tonnes

High rates of steel
recycling still supply only
30% of global demand.
Development in emerging
economies will require a lot
of virgin steel
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Wenban-Smith. “To give an idea of the
challenge the world faces, consider that
in the US there exists about 10.5 tonnes
of steel per person. In India the figure
is 0.4 tonnes. If developing countries
continue on anything like the same
trajectory as the US, then there remains
a need for a lot of virgin steel. A circular
economy of using only scrap steel looks
impossible without severely curtailing
the ability of poorer nations to develop.”
This is not about reproducing the same
patterns of excessive consumption, it’s
about providing essential infrastructure
to billions of people still living without.

The world is some way off meeting
the UN’s Sustainable Development
Goals which include universal access to
clean water and sanitation, networks for
energy, transport and communications,
and good-quality housing, education
and healthcare by 2030. Delivering all
this will require significant quantities
of steel and concrete.

Above and opposite The
Sara Cultural Centre in
Skellefteå, Sweden, is one
of the world’s tallest timber
structures. Designed by
White Arkitektur, with WSP

Photo Åke E:son Lindman

1.9 tonnes of CO2 per tonne of steel,”
says Matthew Wenban-Smith, policy
director at ResponsibleSteel, a global
not-for-profit organization representing
the steel supply chain. “If you recycle
scrap steel using an electric furnace,
the figure falls to roughly 0.3 tonnes of
CO2, which comes mainly from electricity
production. If the source of the electricity
is renewable, it can be as low as 0.1
tonnes of CO2.”
But the world demands more steel
than scrap can supply. “Most steel is
recycled, but this still only supplies
about 30% of global demand,” says

The limits of efficiency
It is possible to use steel more efficiently
or more sparingly, but this will not be
enough, says Wenban-Smith. “We can
share cars, use more timber in buildings,

as structural engineer, the
20-storey building is made
from prefabricated crosslaminated timber modules
between two CLT lift cores
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We have to decide on the best uses for steel and timber.
They might not be what we think they are now
Will Hawkins, University of Bath

Photo Martinsons / Jonas Westling

design slimmer so that steel beams are
only as big as they need to be, and we
must do all of that, but it will only ever
bring the numbers down. Efficiencies
are not enough to change the story
over the next 30-40 years. They won’t
get us to zero.”
So the solution will have to involve
making virgin steel in another way.
According to Wenban-Smith, right now
there are two main alternatives. One
involves using hydrogen instead of coke
to remove the oxygen from the iron ore, in
a chemical reaction that produces water
rather than CO2. In the other, a biofuel
such as charcoal replaces coke as both
heat source and reduction agent — so
carbon gas is still produced, but mainly
only that which has been absorbed by
growing the biomass fuel in the first
place. There is also potential for direct
electrolysis of iron ore, currently at a
pilot stage of development.
While all these processes have
potential, they are far from being easily
or speedily scalable and, adds Wenban-

Smith, nor should they be considered
purely in terms of steel production.
“You have to look at the wider picture.
The cleanest hydrogen is produced
from water using large amounts of
renewable electricity — but will there
be enough renewable energy given the
fast-rising demands from other users?
And hydrogen will also be needed for
vehicle fuel cells or aviation fuel. As for
biofuel, where does it come from? What
are the land-use impacts? Would the
land be better used to grow food, or for
long-term afforestation?”
The future for cement and concrete
is similarly opaque. Like steel, cement
is currently made using heat from fossil
fuels (in this case, to heat limestone to
1,450°C) and, like steel, the chemical
reaction involved produces large
amounts of carbon gas. These process
emissions are estimated to account for
around half of the embodied carbon of
a standard concrete mix. According
to Jeremy Gregory, executive director
of MIT’s Climate & Sustainability
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Consortium, the procedure is not easily
changed. “At the moment there is no
electrically powered cement maker
anywhere in the world,” he says. “You
have to use fossil fuels because of the
temperatures involved. There’s a study
in Sweden looking at what it would take,
but practical viability is decades away.”
The world’s concrete carbon footprint
can be reduced by efficient design or by
substituting other materials — but again,
there are many competing uses for these
finite resources. “You can use timber
for some things — but where does that
timber come from? In India they have had
to restrict the use of timber for building
to stop deforestation. We already reduce
the cement content of concrete by using
cementitious substitutes such as fly
ash or GGBS (slag), but supplies of
these will become limited as the world
decarbonizes.” And once again, such
measures only reduce the carbon bill,
rather than taking it to zero.
Gregory is still optimistic about the
future of concrete, however: “I don’t
think the world can do without ordinary
cement, and without carbon capture, I
don’t think it can be zero-carbon. What
is feasible is zero-carbon concrete.”
This, he explains, is because
aggregates typically account for 80%
of concrete by volume, and developments
in the production of carbon-negative
aggregate mean it is possible to make
carbon-neutral or even carbon-negative
concrete. These aggregates are formed
from calcium and captured waste CO2
from other processes, which could
include cement or steel production.
A process of mineralization combines
the two to make carbon-negative
aggregate. Companies in the US and
the UK are already producing these
products, along with carbon-neutral
concrete blocks and pavers. “We do
need to be careful about auditing this
process,” he cautions. “We need to
look at how the calcium is sourced,
and the energy the processes use. But
there’s certainly potential. And whereas
there is some doubt about sequestering
captured carbon underground — will it
escape? — mineralization locks CO2
away chemically for good.”

Visualization Grimshaw
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The scale of the challenge
Such innovation will help, but the
profound nature of the zero-carbon
challenge has yet to be fully appreciated,
believes Will Hawkins, a lecturer in
structural engineering at the University
of Bath and a research associate with
UK FIRES, a government-funded
collaboration between six of the UK’s
top universities focusing on zero-carbon
solutions for industry. “There are many
things you can do to reduce the carbon
footprint of steel and concrete, but
there are limits,” he explains. “Take
cement substitutes in concrete. There is
already limited GGBS and fly ash, with
supplies expected to reduce as the wider
economies decarbonize. You can use
limestone, but only to an extent. Calcined
clay is an attractive option, but still takes
energy to produce and can only replace
around half the ordinary cement. So we

think that a 40% reduction in carbon is
the best we can realistically expect.”
It’s a similar story with steel, continues
Hawkins. “Steelmaking from iron ore is
always going to release carbon. Only
carbon capture can make it zero-carbon.
Can we be sure this will be operating at
scale by 2050? I don’t think hydrogen
is the answer because producing green
hydrogen from electricity is very energyintensive — and if we have electrified
home heating and transportation, will
there be enough green electricity to deal
with steel as well?”
The prospects, he says, are not
encouraging. “One of our findings is
that it is possible, and necessary, to have
a 100% renewable electric grid. But even
if we use the fastest historical rates of
deploying renewable technology, there
will still be a shortfall by 2050 after we
have electrified heating and transport,

for example. This means we need to be
more energy efficient in everything we do,
including the production of materials.”
This is based on figures from the UK,
he notes, where grid decarbonization is
proceeding relatively quickly.
He paints a troubling picture, where
the supply of alternative resources is
woefully insufficient to meet rocketing
demand. Electricity, already the goto solution to replace fossil fuels in
transport and heating, will also be
needed in huge quantities for the
production of essential materials —
either directly as heat, or indirectly via
the creation of green hydrogen.
Another go-to alternative, timber,
will find itself under similar pressure.
It can already be used in place of steel
or concrete for most buildings, and
as foundation piles. But with wood
increasingly being used as an arguably
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Left In the UK, the
design of Birmingham
Curzon Street station, by
Grimshaw and WSP, was
optimized to save 87,000
tonnes of CO2 over its 120year lifespan. Measures
to cut embodied carbon
include using timber in
place of concrete beams
and aluminium soffits
Right A multidisciplinary
WSP team significantly
reduced the embodied
carbon of 22 Bishopsgate
— the tallest building in
the City of London — by
reusing the foundations
of a previous building on
the site, as well as 50% of
its three-storey basement.
The concrete core and steel
frame were optimized to
minimize materials
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take carbon out of the air and store it,
he says, but like every other innovation
mentioned so far, they will only to be able
to take us so far. We are still not at zero.
Carbon capture: the missing link
There is one last card to play: carbon
capture and storage. This has yet to
be deployed at-scale, despite being
relied upon by many governments and
industries to get to carbon neutrality,
says Hawkins, adding that “the capture
technology is proven, at least, but the
storage part of it less so”. Essentially the
jury remains out on where or whether
carbon can be stored permanently or
economically. Underground sites such
as depleted oil reservoirs might work,
but many remain sceptical that they
offer a genuinely permanent solution.
Carbon capture does offer some
neat symmetries. If plants can take

Photo Diego Padilla Philipps

carbon-neutral biofuel in heating systems
and power stations — and touted as an
alternative to coke in steel production —
it seems unlikely that it could also meet
the demand created by a large-scale
switch to timber construction.
Couldn’t we just plant more trees?
This is how many corporations and
government departments have already
achieved carbon neutrality, by lowering
energy consumption and then buying
offsets to account for the rest — very
often in the form of carbon-sequestering
tree-planting schemes. “It works for a
few corporations,” says Hawkins, “but
if everyone were to do the same thing,
there simply isn’t enough room on the
planet to plant enough trees to offset
enough carbon. It also takes decades for
newly planted trees to start absorbing
carbon in significant quantities.” Longlived timber products are a great way to

CO2 out of the atmosphere, and then
be burnt to fuel material manufacture,
and the exhaust CO2 captured and
put to use in, for example, aggregate
mineralization, then the whole process
becomes carbon-negative. Such virtuous
circles offer a glimpse of how industry
might operate in the future — but would
require wholesale changes to the way
the global supply chain functions.
Creating market demand for net-zero
materials will be important: this is the
goal of the SteelZero initiative, run by
global non-profit the Climate Group
and ResponsibleSteel, of which WSP
is a member. But policymakers will also
have to lead the way. “Manufacturers and
users have a huge role to play, but we
can’t do it by ourselves,” says WenbanSmith. “Governments need to be asking:
what will the hydrogen economy look
like? Where are the offsets coming

from? And, vitally, do we have enough
green electricity?”
This the magic of the zero-carbon
target, adds Hawkins. “What is so
effective is that you have to think
about everything. We are now having
much more profound and wide-ranging
conversations than when it was just an
80% reduction. In a sense, every engineer
is now an ecologist.” But the hard truth is
that it won’t be possible to get to net-zero
without some difficult and unwelcome
choices, he adds. “So perhaps we can’t
have skyscrapers any more. Maybe we
have to prioritize concrete for essentials
like sea defences, for example. And we
have to decide on the best uses for steel
and timber. They might not be what we
think they are now.”
None of this will be easy — and the
closer we get to our target, the harder
it will become.
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DECARBONIZING RENEWABLES
There’s no getting round it: to decarbonize the world’s power supply,
we are going to have to ‘spend’ a lot of carbon in the process. But there
are ways we can reduce the size of the bill
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or any nation hoping to reach netzero carbon by 2050, greening the
grid is a prerequisite. Some are doing
better than others, yet after decades of
constructing wind turbines, installing
solar panels and converting power
stations to biomass, only around 29%
of global electricity is generated from
renewable sources — and much of
that comes from hydroelectric dams
constructed in the last century.
The pace of change will need to
accelerate sharply if we are to tackle the
remaining 71% in time to reach that 2050
target. This is starting to happen: in 2020
alone, a record 260GW of renewable
energy — more than the total installed
capacity of Germany — was added to
the world grid.
It sounds impressive, but it is
nowhere near enough. Total electricity
consumption will rise steeply as electrons
are called upon to replace the fossil fuels
that currently heat homes, fuel cars and
power industry. The International Energy
Agency (IEA) has calculated that more
than 1,000GW of wind and solar power
must be added to the grid annually by
2030 for achieving net-zero by 2050
to remain a possibility. For solar, the
IEA says, that would be equivalent to
constructing the world’s largest existing
solar park — every day.
So whether it succeeds or not,
the effort to build this new energy
infrastructure will involve vast resources
and, unfortunately, come with its own
hefty carbon bill — the CO2 emitted
during the construction of all the
new turbines, solar panels and other
renewable hardware.
The hidden cost of wind
Consider, for example, what it takes to
manufacture just one modern offshore
wind turbine. “ The most efficient
turbines today tend to be the biggest,”
says Chris Lomax, technical director,
maritime at WSP, based in the UK. “A
12MW turbine is over 200m high, taller
than the Gherkin skyscraper in London.
Each of its three blades comprises 55
tonnes of carbon-intensive composites,
the hub contains about 60 tonnes of
mainly steel, and the nacelle, where

the generator is located, is another
600 tonnes of materials including steel,
magnets and copper. Add to that 800
tonnes of steel for the tower, 500 tonnes
for the sea-level transition piece and a
further 2,000 tonnes of steel for the
piled foundations. Then there’s miles
of undersea cables.”
The total carbon cost, says Lomax,
will vary depending on where the turbine
is located, how it was constructed, and
from where the materials were sourced.
Wind power is generally considered good
value, as far as carbon in and energy out
is concerned. But even so, if just a quarter
of the IEA’s 1,000GW target were to be
supplied by the kind of 12MW turbine
Lomax describes, some 20,000 of them
would have to be constructed every year.
Given that an average of 1.9 tonnes of
CO2 is emitted for every tonne of steel
manufactured, it is clear the carbon cost
of greening the remaining 71% of the
world’s power could be astronomical.
Softening the blow
So how to reduce it? Most obviously,
it pays to source materials carefully.
Concrete for onshore turbine
foundations, for example, can contain
cement substitutes such as ash or
slag which significantly decrease its
embodied carbon. Steel and aluminium
have radically different embodied carbon
contents depending on the amount of
recycled material they contain and the
energy sources used to manufacture
them. “It should help that more
manufacturers are springing up to make
this stuff,” says Lomax. “For example, the
UK, which is the biggest offshore wind
market in the world, used to have to buy
blades from Europe. We now have three
new UK-based producers which should
at least decrease the CO2 emissions
associated with transport.”
It is not just the manufacture of the
hardware that produces CO2; installation,
operation and maintenance also adds
to the carbon bill. “In the UK, we have
90m-long service vessels at sea for
weeks at a time to maintain turbines,”
says Lomax. “But there are methanolbased service vessels on order. There
are also plans for electric vessels that

In 2020, a record 260GW
of renewable energy was
added to the world grid

By 2030, we need to
be adding more than
1,000GW of wind and solar
power capacity every year
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efficiency of larger turbines.”
The flipside is that such efficiencies of
scale also come with an upfront carbon
cost: “If turbines were to get larger
still, then bigger factories, bigger dock
facilities and bigger ships to transport
them might be needed. That’s yet more
infrastructure with more embedded and
operational carbon costs.”

Photo Wu Gang / Xinhua / Alamy Live News

could charge their batteries from
turbine-generated electricity while the
technicians carry out servicing.”
How a renewable resource is dealt
with at the end of its life is also an issue.
Since turbines and solar panels both last
about 25 years, most are still in operation
and this has not yet received as much
attention as it might. Amid disturbing
reports of old turbine blades ending up
in landfill, however, it is now rising up
the agenda: “It’s not straightforward,”
says Lomax. “For example, you might
think that when you replace a turbine,
you could reuse its foundations. But in
reality, turbines are much bigger now
than those at the end of their lives so,
mostly, it’s just not feasible. Composite
blades are difficult to recycle — though
several companies, including Siemens
and Vestas, have now started producing
blades that can be.”
Finally, he adds, it helps if technology
generates power efficiently: “That way
you get more power back for the carbon
involved in manufacture. Offshore wind
energy is now about three times cheaper
than it was six years ago, reflecting the

The solar payback
This is a classic example of the way that
carbon costs are front-loaded when it
comes to building renewable power.
We “spend” carbon now in order to reap
benefits later. In this respect, the history
of solar power is instructive. Photovoltaic
panels tend to have a high embodied
carbon, mainly because the silicon vital
to their manufacture is made by heating
silica rock to 3,000°F (1,648°C). One
study concluded that, as a result, a solarpowered office block in the UK would
have a 50% higher embodied carbon
content than an equivalent supplied by
conventional power — but it would still
be lower carbon overall because of the
longer-term operational savings.

How much longer though? It would
vary wildly from case to case, but a 2013
Stanford University paper came to the
remarkable conclusion that all the solar
panels produced in the world since 2000
had yet to make any real contribution to
reducing global warming because they
had only just produced as much energy
as it had taken to make them — most
of which was derived from fossil fuels.
Most agree that, since 2013, solar
has moved into more positive territory.
“The energy returns for solar keep
getting better and better, so I would
guess that industry-level gains from
solar are certainly exceeding the energy
investments,” says Mik Carbajales-Dale,
author of the Stanford research, now
director of the Industrial Assessment
Center at Clemson University in South
Carolina. “Additionally, the financial costs
for solar keep dropping, so I would expect
to see strong growth over the coming
years.” Meanwhile, the carbon cost of
manufacturing new panels has started
to decrease — not least because of the
greening of some of the electricity supply
used to make them.

“At the moment though, it’s still very
difficult to assess how much embodied
CO2 is in an individual PV panel you buy,”
says Hannah Probert, senior carbon
consultant at WSP in the UK. “Very few
have environmental product declarations
(EPDs), which allow specifiers determine
a reliable embodied-carbon value. When
advising clients, we often have to infer
embodied carbon from literature and
averages. If clients were to insist on
an EPD as part of a solar contract, that
might encourage more transparency.”
Until then, says Probert, organizations
should buy solar panels with care.
“We know there are big differences
in embodied carbon — so choose the
panels made from low-carbon materials,
from countries and manufacturers with
access to greener grids and, ideally,
from a local supplier to minimize
the embodied carbon resulting from
transporting panels to the point of use.”
But she adds: “This will get easier.
As the power used to make and
transport PVs itself becomes greener,
the embodied carbon of a solar panel
should eventually get close to zero.”
Crystals and biotech
The virtuous circle Probert describes will
not be limited to solar. Wind and other
new infrastructure should also see their
embodied carbon reduce as the green
electricity they make replaces more and
more of the fossil fuels currently used
to power industrial processes.
Working in tandem with this will be
changes in the technology itself, and
how it is made. The IEA envisages that
while most of the global reductions in
CO2 emissions between now and 2030
will come from existing technologies,
by 2050, almost half the reductions
will come from technologies that are
currently in development.

Left By 2030, the IEA has calculated that
we need to be constructing the equivalent
of today’s largest solar park every day. This
one, in the Golmud Desert in China’s Qinghai
province, has around 80 solar plants with a
current generation capacity of around 2.8GW
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Left Each of the blades of a 12MW wind
turbine is made of 55 tonnes of carbonintensive composites. These are particularly
difficult to recycle at the end of their 25-year
lifespan, though companies including
Siemens Gamesa are now developing fully

“There’s a lot of exciting stuff on the
horizon,” says Will Nash, group lead,
materials performance with WSP, based
in Vancouver. For solar, for example,
one promising material is perovskite
crystal, a cheap and widely available
low-carbon alternative to silicon. “It’s
not mature technology yet — there
are longevity issues. But if you could
use it in conjunction with traditional
silicon technology, you could improve
the efficiency of panels from 23% to
maybe something like 40%. And if
panels are more efficient, that shrinks
the payback period.”
There will be opportunities to lower
the embodied carbon of wind turbines
too, says Nash. “If you need foundations,
maybe use natural rocks in cages instead
of concrete,” he suggests. “Floating
offshore turbines can work out cheaper,
in terms of embodied carbon, because
they avoid the bulky foundations. And
using new tech now being developed to
make steel using hydrogen and carbon
capture would lower the carbon cost of
turbines dramatically. ”

“As the power used to make and transport PVs itself
becomes greener, the embodied carbon of a solar panel
should eventually get close to zero”
Hannah Probert, WSP
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recyclable versions

Lastly, says Nash, bioengineering
could be harnessed to produce renewable
infrastructure in new, low-carbon ways:
“There’s promising technology which
could potentially turn soil to concrete
by encouraging the bacteria in it to
produce calcite. Imagine if you could
grow your concrete rather than make it
with cement? And there are GM crops
that already produce spider silk — so
why not use biotechnology to produce
the polymers for turbine blades?”
Nash’s futuristic vision for low-carbon
energy industry is exciting, but some
years off yet. For now, the world’s best
hope of reducing the carbon cost of
renewable infrastructure is, awkwardly,
to build more of it. The renewables
industry will then be decarbonized by
the greener grid it has created.
In the shorter term, this means CO2
will be an unavoidable by-product —
we cannot avoid expending carbon to
make the infrastructure that will reduce
future emissions. Intelligent design can,
though, significantly reduce what will
inevitably be a substantial carbon bill.
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THE HYDROGEN ECONOMY
Hydrogen could help many of the world’s most carbon-intensive
processes to reach net-zero — just as long as we can decarbonize the
production of hydrogen itself
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ydrogen finds itself at the centre of
an increasingly passionate debate.
Its supporters claim it is the fuel of the
future, and the answer to just about
all the world’s decarbonization issues.
Hydrogen can heat your home and fuel
your car or truck. It can be turned into
aviation fuel, power container ships, and
replace fossil fuels in carbon-intensive
industrial processes.
Well, kind of, say the doubters.
Hydrogen is energy-intensive to produce,
that container ship will need a huge
fuel tank, and hydrogen’s role in the
production of steel and concrete, two of
the biggest industrial carbon emitters,
is still experimental. True, hydrogen
produces no carbon emissions when it is
used, but making hydrogen at scale in a
genuinely carbon-neutral way presents
serious challenges.
Today, according to the International
Energy Agency, 99% of all hydrogen
is derived from fossil fuels — mainly
gas, but also coal and oil. None of this
hydrogen helps to decarbonize the
world. In fact, says the IEA, hydrogen
production, most of which is used for
the production of ammonia for fertilizer,
produces as much CO2 as the entire
emissions of the UK and Indonesia
combined.
So hydrogen is currently a problem,
and for it to become a viable solution
its production must be made all but
carbon-neutral. This can be done either
by capturing and permanently storing
the CO2 emissions from natural gasderived hydrogen — so-called “blue”
hydrogen which currently accounts
for some 0.8% of world production.
Alternatively, “green” hydrogen can be
made from water by electrolysis using
electricity from renewable sources.
But can it ever make sense to use
renewable electricity to produce green
hydrogen? Electrolysis inevitably involves
a conversion cost; you get less power
from the hydrogen than it took to
produce it in the first place. In a majority
of cases it makes more sense to simply
use the renewable electricity directly
to, for example, heat a home. It is one
reason why green hydrogen represents
only 0.2% of today’s production.

“As increased renewable electricity is
also needed to decarbonize the world’s
grids, there’s an argument that you
shouldn’t make green hydrogen much
at all until that has been achieved,” says
Les Pepper, energy project manager at
WSP in New Zealand. “But this slightly
misses the point. In New Zealand, for
example, on average 85% of our power
is from renewables, and we don’t fully
utilize this potential. During periods of
low power demand, wind turbines are
still able to generate and hydroelectric
plants sometimes have to spill water
because storage lake capacity is limited.
It’s a common issue in places like Canada
and Scandinavia, which also have high
levels of renewable energy. The trouble
with electrons is that they have to be
used there and then, but molecules are
different: they can be stored, transported
and used as a fuel in the future. So, if
you make hydrogen with spare power,
you have a supply of green energy that
you can use in another time or place.”
There is a compelling business case
for this approach, says Pepper: “Up to
75% of the production cost of green
hydrogen is the renewable electricity
required to power the electrolyser plant.
But the price of renewable power can fall
very low within some electricity markets,
when load demand is low.”
New Zealand plans to use this spare
energy to produce carbon-neutral
ammonia or other carrier products
for export, and green hydrogen gas to
fuel large trucks locally. “But you could
of course use it for almost anything,
including as a moderator for renewable
energy supply. We have global clients
who store low-cost renewable power to
offset their operational carbon emissions.
Or on a bigger scale, at times of peak
demand, a utility could switch on a green
hydrogen-fuelled power station plant.”
The hydrogen bubble
Pepper says he is staggered by current
levels of interest and investment in
green hydrogen. “We used to do little
1MW hydrogen demonstrator projects.
Now we have big companies with big
balance sheets looking at achieving
real economies of scale in this area

There is strong interest
in developing 100MW+
green hydrogen plants
in countries with surplus
renewable electricity

Green hydrogen currently
represents 0.2% of
global production. Just
replacing the current
supply of grey hydrogen
would require more power
than the total annual
electricity generation of the
European Union
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Left New Zealand hopes to
develop the world’s largest
green hydrogen plant,
powered by the massive
hydro station on Lake

If you make hydrogen with spare power, you have a supply of
green energy that you can use in another time or place
Les Pepper, WSP
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— so 100MW+, even 1,000MW+
green hydrogen production facilities,
are becoming common development
focuses. That’s a small city’s worth of
power. Enquiries are coming in almost
daily from all over the world.”
His experience suggests an exciting
future for green hydrogen, though
the immediate impact on world CO2
emissions should be kept in perspective.
As the IEA points out, producing all
of even today’s dedicated hydrogen
output from electricity would result in
a demand of 3,600TWh, more than the
total annual electricity generation of the
European Union. Furthermore, New
Zealand is still unusual in having so much
renewable energy capacity that it can
even think about using spare power to
make hydrogen. Other countries might
have to develop their hydrogen economy
differently — via blue hydrogen.
This is more controversial because
it is less straightforward to assess the
real benefits of a system that relies on
carbon capture and storage for its green
credentials. A 2021 study by Cornell and
Stanford University in the US pointed out
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that for every unit of heat in the natural
gas at the start of the process, only
70-75% of that potential heat remains
in the hydrogen product. Meanwhile,
says the report, inefficiencies in the
carbon capture, along with leakage of
methane (a far more potent greenhouse
gas than CO2) mean that even after
carbon capture, blue hydrogen could
end up 20% worse for the climate than
simply using fossil gas.
“I think that’s pessimistic,” says UKbased WSP hydrogen consultant James
Watt. “The methodology is good, but
the research was based on a particular
scenario involving shale gas and quite
dated, inefficient equipment. Technology
is better now and will continue to
improve. If you cut methane leakage,
for example, the figures would quickly
start to look very different.”
In a world of limitless green energy,
there would be no need to make blue
hydrogen. But that’s not the world we’re
living in. “There is no purely green route
available to net-zero carbon,” says Watt.
“We have to be realistic, and in many
countries, the UK included, the only way
we are going to get hold of significant
amounts of hydrogen over the next
decade is via reforming natural gas and
carbon capture. But it’s worth it to raise
the levels of hydrogen uptake in industry,
so that we get there a lot quicker than
if we wait for the pure green version.”
And cleaner hydrogen is urgently
needed, if only to decarbonize that
which is already produced. But as more
hydrogen is made, which of its many
applications should be prioritized?
Investor Michael Liebreich developed
the Clean Hydrogen Ladder to rank
different use cases on the basis of their
likely adoption, from unavoidable to
uncompetitive, based on a range of
factors including thermodynamics,
economics, human behaviour and
geopolitics. Hydrogen will have to win
its way into the economy, he points
out, in competition with every other
clean technology that could solve the
same problem, and other solutions will
often be cheaper, simpler, safer or more
convenient. At the top are industrial
processes that already rely on grey
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Blue logic
If blue hydrogen is used for this, then
it might seem odd to go to the trouble
of capturing carbon while creating blue
hydrogen from gas, in order to use it
where gas is currently used. Why not
simply use gas, avoid the conversion
cost, and capture the carbon at, say,
the oil refinery? Watt’s answer to this
is key to the future of blue hydrogen. “A
refinery will need to capture carbon at
perhaps different 20 points, from heaters,
boilers or the power plant, which is very
expensive and inefficient. If it uses blue
hydrogen instead of natural gas, all the
carbon has already been captured at
the point at which the hydrogen was
produced. It’s much cheaper and more
efficient to capture the carbon in this
way. And of course, these facilities will be
able to use others sources of hydrogen
when it becomes available.”
This is the essence of blue hydrogen
logic and it applies across many sectors.
For example, after industry, hydrogen
would probably be best deployed in
countries like the UK as a replacement
for gas in domestic heating boilers
where it’s difficult to replace them with
technologies such as air-source heat
pumps: “You can’t install carbon capture
in every home, but you can supply them
with hydrogen, blue or green, along pipes
that already exist,” Watt points out.
Again, there will be challenges, and
there are technical and safety issues.
The potential for hydrogen to leak from
pipes intended for larger methane
molecules is a known issue and can be
addressed, says Watt, as is the tendency
for lower-carbon blends of hydrogen
and natural gas to produce more nitrous
oxide pollution than natural gas alone.
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hydrogen, followed by new uses where
there is no other way to decarbonize.
This is where hydrogen should be
deployed first to make the greatest
difference, agrees Watt. “For making
steel and concrete, or in chemical plants,
it is one of the major alternatives to fossil
fuels,” he says. “It could also be useful in
oil refineries and petrochemical plants
which use large amounts of gas for
processes requiring high temperatures.”

Equipment compatibility and workforce
training are also key areas, he adds.
“Hydrogen is a very different material
than natural gas, and its challenges have
to be identified and addressed to enable
large-scale deployment. For example,
its potential for heating buildings is
already being tested, with demonstration
programmes in both blended hydrogen
with natural gas, and pure hydrogen.”
WSP is working with clients in the UK
to evaluate how gas networks might

be switched to hydrogen, and to help
prepare for large-scale building trials.
So blue hydrogen is far from being
a quick or easy solution, but it can,
says Watt, play an important part in an
increasingly complex and multifaceted
response to the challenge of global
warming. And for the next decade or
so, for those countries which do not
yet have spare green electricity, it is
probably the only way to bring about a
hydrogen economy.

Above Sweden’s HYBRIT
pilot plant aims to produce
fossil-free steel by using
hydrogen to reduce iron
ore, in place of coking coal
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NATURE-BASED OFFSETS
We could — and should — grow more trees. But that won’t be
anywhere near enough to avert the climate crisis. We need
to look further than nature-based offsets, and perhaps more
closely at forests themselves
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n a hot, wet world, 300 million years
ago, swampy forest spread across much
of the globe and pulled vast amounts
of carbon from the atmosphere. As the
trees lived and died, dead vegetation was
compressed and became coal and oil.
Eventually so much CO2 was removed
from the air that its greenhouse effect
was reduced, the world cooled, and the
forests died back in what is now known
as the Carboniferous rainforest collapse.
Modified remnants like the Amazon
survive today in tropical regions.
This is the long-range historical
context for the current market in forestrybased carbon offsets that seek either to
preserve the carbon still stored in the
world’s 3 trillion trees or, by planting trees
at scale, put back into forests some of
the carbon we have released by burning
their fossilized ancestors.
Today, such offsets seem to be
everywhere. Airlines, oil majors, banks,
toilet roll manufacturers, NGOs and
many more are all buying offsets
to mitigate their carbon footprint.
Organizations can purchase an offset
based on forest protection, reforestation
(restoring damaged or depleted forest)
or afforestation (planting trees where
none were before). Tree-based offsets
co-exist with other carbon offsets such
as renewable energy projects — including
those which involve burning woody
biomass as biofuel — and are traded
either as voluntary carbon credits or as
part of legal requirements in compliance
markets such as the European Union’s
Emission Trading Scheme.
But it took many millions of years for
the great forests of the past to sequester
carbon in the form of coal and oil. Does
that tell us something about how far
we can mitigate our current problems
by planting new trees? The message
from climate scientists is that we do
not have much time. So to what extent,
realistically, can trees help us mitigate
climate change? And if an organization
buys a forestry-based carbon offset,
what is it really achieving?
Deep-rooted concerns
Experts agree that offsets are only ever a
last resort, after we have done everything

we can to avoid emitting CO2 in the first
place. “Carbon offsets can be a costeffective and necessary step on the path
to climate-change mitigation, but they
shouldn’t be used in place of minimizing
an organization’s emissions,” says Darius
Tolkien-Spurr, decarbonization advisor
with WSP in British Columbia. “When
it comes down to establishing what
you are achieving, and getting carbon
credits verified, it can get much more
complicated.”
Planting trees is a simple concept,
easy to relate to and easy to market.
But while planting a tree may be a good
thing, it does not necessarily amount to
an offset, says Tolkien-Spurr. One clue is
in the price: it costs as little as 50 cents
to plant a tree. Forestry-based offsets,
however, can be anything from US$5
to US$20 per tonne and sometimes
much more. That is, in part, because to
be a legitimate source of carbon credits,
projects must be quantified, verified,
validated and monitored. This can be an
expensive and cumbersome process, he
says, but it is a necessary one.
A key concern is the question of
“additionality”: to count as an offset,
the developer has to prove that its trees
would not have been planted anyway.
But proving that something was not
going to happen immediately involves
an almost quantum level of ambiguity,
and the picture can get murkier still
when it comes to offsets derived from
protecting existing forest. Schemes like
this fell into some disrepute following a
Bloomberg exposure of offsets claimed
for forests that were never in danger.
One landowner candidly admitted they
never had any intention of felling the
forest concerned. The intention had
been conveniently assumed by others.
Of course, there is the risk that such
protection schemes act as a perverse
incentive for the owners of forested
regions to invent a plan to fell them, in
order to access offset money. On the
one hand, this may indeed safeguard
the future of some trees. On the other,
it creates a scenario in which forests
are almost held to ransom. And the fact
that, by simply changing their mind, a
landowner in the tropics can determine

The market for “naturebased” carbon credits has
grown by 450% since
2016 and there is a greater
focus on high-quality,
verifiable offsets

One study found that
planting trees on every
available piece of land
would only sequester the
equivalent of a decade of
greenhouse gas emissions
at current levels, and it
would only happen over the
course of century
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Right Making better use
of “slash” in commercial
forestry could reduce
greenhouse gas emissions
from decaying wood, and
provide new sources of
biofuel and wood products

dead and decaying wood that they have
emitted more greenhouse gas than they
have absorbed.
Money trees
Trees remain a cheap and effective way
to absorb CO2 from the atmosphere,
and these issues should not discredit
the fundamental idea of forestry-based
offsets. Tolkien-Spurr advises seeking
out higher-quality offsets with genuinely
additional projects involving wellmanaged forests, ideally with multiple
benefits. “It’s important not to look at
carbon sequestration in isolation from
other ecosystem services. Nature-based
solutions to climate change have the
advantage, if implemented properly, that
they also enhance the many co-benefits
of forests — biodiversity in particular.”
As corporate and governmental netzero commitments have proliferated,
the market for “nature-based” carbon
credits has grown by 450% since 2016,
the bulk of these relating to forestry. And
as quality issues have come to light,
some buyers are seeking out carbonremoval schemes that are more solidly
verifiable — those that involve planting
new trees, rather than preventing the
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whether or not a tree counts as an offset
for a company in California, is a problem
with which Schrödinger’s cat might
sympathize.
“Carbon leakage” is another issue,
says Tolkien-Spurr. “This is a common
concern with avoided deforestation
projects. If you protect one area, does
it intensify harvesting somewhere else
and shift the location of emissions? It
can be difficult to accurately audit the
situation to ensure the offset results in
a genuine net decrease in emissions.”
And then there is the question of
permanence — or lack of it. How long
will the trees be there? This is not just
about guaranteeing that they won’t be
felled, for example due to a change in
local politics. There are also natural risks.
“Fires release carbon and disease can
too,” says Tolkien-Spurr. “Wildfires and
insect outbreaks can cause forests to
shift from a carbon sink to a net carbon
source, and climate change is further
increasing the risk that the benefits
accrued by forest carbon offsets will
be reversed.” For example, a sustained
attack on Canada’s forests by the
mountain pine beetle in recent years
has resulted in such a huge volume of

destruction of existing ones.
“Demand for high-quality, removalbased carbon offsets has grown
dramatically,” says Dan Sobrinski,
vice president in WSP’s sustainability,
energy and climate change practice in
Pennsylvania. “It stems from a realization
that, even if we align carbon emissions
with a 1.5°C pathway, we will still need
a significant increase in carbon removal
beyond our current capability.” The global
100 companies that his team advises
are struggling to find removal offsets
of sufficient quality — with the result
that prices are rising.
This is not necessarily a bad
thing. If offsets cost more, this should
incentivize emission reductions. It also
potentially means more money from
the industrialized world flowing to the
developing areas of the globe where a
majority of offset projects are located.
As Sobrinski points out, an objective
of regulatory and voluntary offset
schemes is to direct private investment
into activities that are expensive to
undertake but produce positive climate
change benefits. On the other hand, if
prices reflect a new scarcity in quality
removal-based offsets, this might signal

that the easy wins are beginning to
come to an end.
Trees are not only a source of offsets,
but of timber — another go-to solution
for decarbonizing industries, reflected
in the rising cost of lumber, with prices
now at least double their longer-term
average. Architects and engineers are
being encouraged to specify timber as
a low-carbon replacement for building
materials such as steel that have high
embodied carbon. At the same time,
wood products are increasingly used
as biomass to replace fossil fuels for
heating, power generation and industrial
processes including steelmaking. Both
are valid strategies in the drive to reduce
greenhouse gas emissions. But they
do add to the mounting list of calls
on timber as the saviour of a planet
which, as recent academic research has
highlighted, does not enjoy an infinite
capacity to grow trees.
Dr Bonnie Waring, lecturer in climate
change at Imperial College London,
recently conducted a review of the
available scientific literature to assess
just how much carbon forests could
feasibly absorb. She concluded: “If we
absolutely maximized the amount of
vegetation that all land on Earth could
hold, we’d sequester enough carbon to
offset about ten years of greenhouse
gas emissions at current rates. After
that, there could be no further increase
in carbon capture.”
Rethinking the forest
It’s a sobering thought. Even if we
planted trees on every spare hectare
of the globe, the maximum time it could
buy us, as we attempt to limit global
warming, would be just one decade.
Also, according to Waring, this could
only happen over the course of a century.
So we will have to find other ways of
removing carbon from the atmosphere.
“Technological carbon removal will be
needed in addition to natural removal,”
says Sobrinski. “Engineered technologies
like direct air capture are emerging but
significant progress is needed to improve
the cost-effectiveness of the process in
order to make a meaningful impact on
climate change.”
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Above Devastation caused by the
mountain pine beetle has caused Canada’s
forests to become a net producer of
greenhouse gases

This page The Timmerhuis in Rotterdam
by OMA (2015). This 45asdfas gasdgas
gas dgaasf gagf,000m2 “city within a city”
contains government services,
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Other approaches to forestry may
also help: it is an underappreciated
fact that forests and other vegetation
naturally produce significant quantities
of greenhouse gases as they decay.
“There’s definitely an opportunity to
reduce carbon in the atmosphere through
sustainable forest management,” says
Tolkien-Spurr. “In commercial forestry, for
example, better use could be made of the
‘slash’ — the typically underutilized parts
of the tree, twigs, bark and so on. More
effort could be made to turn this into
longer-lasting wood products, or it could
be used as biofuel to produce power for
timber mills and local populations. It’s
better than burning it in a slash pile, as
often happens now.”
This is one of the limitations of a
narrow focus on tree-planting schemes:
when it comes to nature-based solutions
to climate change, there can be greater
benefits from looking at the whole
ecosystem. Before we jump on the
bandwagon of trying to plant more
trees everywhere, we need to focus
on the better management of forests
generally. Of course, decaying matter is
part of the nutrient cycle of forests and
not all of it can or should be harvested
— most forests are generally best left
undisturbed. But more holistic practices
could have considerable potential. This
is a strategy of avoidance rather than
removal, and no doubt auditing forest
decay management for the offset market
would present its own challenges.
Regardless of the difficulties,
however, we are not in a position to
ignore any process that plays such a
significant role in our atmosphere’s
carbon cycle. And, given the urgency
of the climate crisis, if we can reduce
emissions now rather than waiting for
trees to grow and start sequestering
carbon, that can only be a good thing.

Wildfires and insect outbreaks can cause forests to shift from
a carbon sink to a net carbon source, and climate change is
further increasing the risk
Darius Tolkien-Spurr, WSP
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CARBON CAPTURE,
UTILIZATION AND STORAGE
As things stand, almost all decarbonization roads eventually
lead to CCUS technology. But there are currently fewer than
30 plants operational worldwide. So how do we get from
here to net-zero?
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n discussions about our journey to
net-zero by 2050, one phrase tends
to come up a lot: “The rest will have to
be carbon capture.” Whether you are
talking about power generation, cement
production, the carbon footprint of an
organization, or even the globe as a
whole, there is always a portion of the
equation marked “carbon emissions
we really can’t prevent, no matter how
ingenious or efficient our design”.
You might take it from this that
CCUS, or carbon capture, utilization
and storage, is a done deal, that the
necessary bits of kit are already being
fitted to chimneys and exhaust flues
everywhere, and that those stubborn
last few carbon emissions will soon
be dealt with permanently. So first, a
reality check.
Although carbon capture technology
has existed since the 1970s, much of the
world’s capacity is still at demonstrator
project scale. There are fewer than 30
carbon capture plants on Earth with, in
2021, a total capacity of only 40 million
tonnes of CO2 per annum. To put that
in context, the International Energy
Agency (IEA) calculates that the world
will need a capture capacity of 1.6 billion
tonnes, or 40 times the current level, as
early as 2030 to align with its pathway
to net-zero by 2050.
Will it happen? To date, the story
of CCUS has been one of unfulfilled
potential. In 2010, the IEA recorded 65
CCUS projects as “in development” — yet
since then, an average of only 1.3 new
plants a year have opened. But 2021
has seen unprecedented momentum:
more than 100 new CCUS facilities were
announced, including major plans such
as the world’s largest CCUS-equipped
hydrogen production facility in Louisiana,
with the capacity to capture more than
5 million tonnes of CO2 per year.
“The industry has had a few false
starts — funding has been promised
which hasn’t materialized,” says Tony
Alderson, Leeds-based technical lead
for carbon capture and storage at WSP,
which is leading a consortium advising
the UK government on its commercialscale implementation. “But there is now
a genuinely new impetus driven by the

clear target of net-zero by 2050. As well
as helping to decarbonize power and
heavy industries like cement and steel
production, CCUS will be vital in the
production of hydrogen from natural
gas.” Like many countries, the UK has
ambitious plans but no functioning
CCUS at present. The government’s
Committee on Climate Change forecasts
a need for up to 175 million tonnes per
annum capacity by 2050 — or more
than four times the current capacity of
the entire world.
Even though carbon capture would
seem to be essential if we are to reach
the goals advised by the IPCC and
ratified at repeated climate conferences,
it is far from enjoying the unanimous
support of environmental groups. This
is partly because its early development
has been driven by the fossil fuel industry
— most of the CO2 captured to date has
been used for enhanced oil recovery
(EOR), in which the gas is pumped
underground to help force oil to the
surface. There are also fears that its
great but as yet unfulfilled promise may
deter governments and businesses from
embarking on a wider transformation
away from carbon-emitting activities, or
serve to prop up the status quo. Various
reports have highlighted technical
challenges and shortfalls in performance.
But no one is claiming that CCUS
is a magic bullet. Experts concede it is
expensive and energy-intensive, and
that though capture rates of over 95%
have repeatedly been demonstrated,
they have yet to be tested and proven
at sufficient scale. However, as things
stand, it remains our only hope of getting
even close to the net-zero target.
“CCUS is a stop-gap solution, but
there is no better one in most of these
markets,” says Alderson’s colleague
Andy Jackson, head of gas discipline at
WSP, based in Manchester. “It’s a means
to an end while other, better solutions
are brought on stream efficiently and
without massive disruption to the world.
We won’t get to where we need to be,
within the necessary timeframe, without
implementing this in some fashion.”
Over the coming decades, this will
almost certainly involve the creation of

CCUS plants currently
capture 40 million tonnes
of CO2 per year

By the end of this
decade, the world will need
40 times that capacity
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a huge new processing industry and
infrastructure, spanning the different
stages. “All CCUS starts with capture,
which is the most expensive part of the
process, accounting for more than half
of all the costs involved,” says Alderson.
“Obviously there is the capital cost of
installing plant, but also significant
operational costs because the process
is energy intensive.”
The commonest form of capture
technology uses amine solvents to absorb
CO2. These then need to be regenerated
by heat in a process that, in the case
of a power station for example, would

typically take up to 20% of the plant’s
entire energy output. The efficiency
of this process can be improved if the
emitting process has suitable spare
heat, Alderson adds, such as that which
occurs in cement production.
Once captured, CO 2 needs to
be transported to a point of use or
storage, which also has an energy cost.
Electrical energy is required to achieve
the necessary compression of 35 bar
pressure for a gaseous pipeline, or over
100 bar for dense-phase transportation.
Getting CO2 to its storage site will not
always be easy, says Jackson. “In the UK,
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CO2 captured near the North Sea coast
could be pumped relatively easily via
underwater pipeline to sites in depleted
offshore oil and gas fields. But where
there are no suitable storage sites
nearby, other means, such as transport
by ship, will be required. Building a
400km pipeline overland would involve
significant disruption to the natural and
built environment, so shipping would
be needed.”
This is another area where CCUS
will be relying on capacity that has,
to an extent, been developed by the
hydrocarbon sector. “The requirements

Above Shell’s Quest facility
in Alberta, Canada, is one
of fewer than 30 carbon
capture plants operating
around the world today.
Having opened in 2015, it
captures around 1 million
tonnes of CO2 a year
from oil sands operations,
storing it more than
2km underground in a
sandstone rock reservoir
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for shipping CO2 are similar to those for
liquid petroleum gas (LPG),” explains
Alderson. “Some ships are even dual
certified. The immediate problem would
be that existing CO2 ships tend to be
quite small — around 2,000 tonnes.”
Taking the UK as an example, if only
a fraction of the forecast 175 million
tonnes of captured CO2 ends up being
shipped, it is clear that existing vessels
and designs are not going to be big
enough: “The reality is that we’ll need
much larger ships which do not yet
exist. Plans for 100,000-tonne CO 2
transport ships are still at the drawing
board stage.”
Any carbon audit of the CCUS
process will also need to take into
account emissions from the ships, adds
Jackson, as well as the embedded carbon
costs of creating infrastructure such
as intermediate storage facilities for
shipped gas waiting to be taken by
pipeline to its ultimate storage location.
Mostly, this will be in depleted oil or gas
reservoirs, or in saline aquifers within
porous rock structures. “Salt water has
to be pumped out of aquifers to create
space for the CO2. Again, it is quite an
onerous process with a financial and
energy cost.”
Environmental groups have raised
concerns that over time CO2 could leak
from its storage reservoirs, but Jackson
argues that the geology of oil and gas
fields will have been well-researched
and that monitoring will ensure that
it stays put. “Although no storage is
molecule-tight, the gas should stay there
for thousands of years. Just as natural
gas doesn’t leak beyond the cap rock,
so the CO2 shouldn’t either.”
Given the costs of transporting and
storing CO2, putting it to use instead can
make economic sense. Captured CO2 is
already used for carbonated drinks, to
boost crop yields in greenhouses, and
even for inflating body cavities during
surgery, though as Jackson says: “In all
these cases, the quantities involved are
modest, and the gas does still eventually
end up in the atmosphere.”
Unsurprisingly, use cases that lock
the gas away for good are attracting
more attention. CO2 can, for example

be used to “cure” specialized forms of
concrete, or to create carbon-negative
aggregate through a process known
as mineralization. In both cases the
carbon becomes a permanent part of
the concrete’s chemistry.
Though not yet suitable for all
concrete applications, this is still a
rather satisfying solution to concrete’s
high carbon footprint and, longer term,
it seems likely that CO2 will become
embedded in more new commodity
supply chains that will develop as a

Photo Solidia
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result of net-zero commitments. For
example, CO2 is the working fluid of
Allam cycle power plant technology.
Though still at demonstration scale,
the technology burns natural gas with
oxygen to produce power in a way that
naturally captures CO2. Oxygen to supply
this process could be provided from
the by-products of green hydrogen
production via electrolysis.
In the shorter term, however, the
CCUS sector suffers from the low
intrinsic value of its key commodity.

The gas cannot currently be sold for
a price which even begins to cover
the cost of its capture — so putting a
cost on emissions is likely to be more
important than finding markets for CO2.
This means, says Alderson, that carbon
capture infrastructure can only develop
to a useful level with the substantial and
continuing assistance of governments
worldwide: “The technology exists — but
only consistent government support and
regulation can make a CCUS industry
commercially viable.”

Left Solidia is one of a
number of companies
developing concrete that
is cured using CO2 rather
than water, locking it away
for good in the form of
calcium carbonate

It’s a means to an end while other, better solutions
are brought on stream efficiently and without massive
disruption to the world
Andy Jackson, WSP
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BLANK CANVAS
One problem, three solutions, no constraints

HOW DO WE
ISOLATE PATHOGENS,
BUT NOT SCIENTISTS?
H

einz Feldmann has spent his career
studying lethal pathogens, wearing
a space suit inside an airtight, heavily
serviced box-within-a-box with thick
concrete walls. As a scientist specializing
in disease modelling and transmission at
the US’s National Institute of Allergy and
Infectious Diseases, he is accustomed
to working in the highest level of
containment laboratories, known as
BSL-4 — some of the world’s most
secure, and most regulated, buildings.
Feldmann is well aware that there
is never a blank canvas for a highcontainment lab: “Literally everything
is dictated by international and national

guidelines. As scientists, there is not
much we can request.”
But there is room for improvement, in
one area in particular: technology. “The
biggest challenge we have is connectivity,
monitoring and data exchange. If we
could make high-containment areas
compatible with new technology, it would
make our work much easier and safer.”
The thickness of the walls and the
material used mean that wireless signals
cannot pass through, so Feldmann and
his colleagues have only limited options
including a standard telephone line to
the outside. This is frustrating from a
collaboration point of view, but also adds

to the risk. “We largely work in a buddy
system and always have a third person
outside — but if you have an emergency,
you need reliable communications to
be able to speak to them at any time.”
There are many cameras throughout
the facility, monitored by guards, but
these are primarily to ensure biosecurity
and prevent malicious actions. “We use
these systems to create a safe working
environment, but that’s not what they’re
optimized for, and they’re not very helpful
for operation and training purposes.
It would be great to install systems
to monitor laboratory work from the
outside, because just to go in and out

takes a minimum of 30 minutes and a
shower. If you have to do that multiple
times a day, it gets cumbersome.”
Connectivity is a problem too for the
growing amount of high-tech, digital
equipment that scientists use. Each time
the core structure is penetrated — to
install an additional data connection, for
example — it must be sealed, and the
entire building approved and recertified,
which means a complete shutdown.
“This is a challenge on a daily basis,
because scientists come up with ideas all
the time and they want to try new things.
How can we fix this with minimum
downtime for the facility?”
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1
Team US / Build an internally networked system — and wait for remote technologies to catch up

T

he first question our tech experts
had was why humans need to go
into these challenging environments at
all — surely we could remotely control
a robot within the lab that would never
have to leave? The capabilities of robotics
have escalated rapidly in the last few
years, and we’re slowly seeing adoption
in related sectors like healthcare. But
there are so few of these facilities and
they do such specialized work — they’re
always on the frontline of new discoveries
and when there’s a disease outbreak
or a pandemic, it’s suddenly all hands
on deck. Robotics technology just isn’t
there yet, even for regular labs. And

even when it catches up, the issue of
enabling more intuitive communications
remains — whether that’s among people
or between people and equipment.
What we can do today is put in the
physical infrastructure and potentially
a converged system data network to
enable future flexibility and provide
the capacity to implement automation
technologies as they become available.
There can be statutory obstacles to
creating a converged data network —
there are security requirements for these
facilities to operate in an unplugged
manner, so they’re not connected to
the outside world. But we could have

an internally networked ecosystem, so
that scientists could just plug devices
in. We’ve done this for a recent highcontainment lab project, and we’re
looking at integrating remote cameras
into the lab space, which could be
placed in such a way that the scientists
can observe what’s going on without
having to go inside. Then when remote
technologies are better developed, the
scientists could sit in a control room next
to the containment area, still within this
protected network and communications
channel. One of the questions we get
a lot on these projects is whether it
would be possible to call outside, in

“This is not about developing completely new technology
— most of this is commercially available today”

From WSP in the US
Isaac Chen / solutions architect, building technology systems / San Francisco
Victoria Childs / lead consultant, building technology systems / Atlanta
Jason M Beck / director, innovation advisory / Tempe
Herbert Els / managing director, building technology systems / Boulder
Leslie Gartner / senior vice president, science + technology design / Atlanta
Paul Langer / director, innovation advisory / San Francisco
Donald Latham / director, building technology systems, southeast region lead / Atlanta
Jay Wratten / national practice leader, innovation advisory / Boulder

case of an emergency. If the phones are
connected to the network via a secure
digital switch, you could do this without
compromising security.
One of the first things to consider for
future implementation would be voiceactivated controls. Instead of having to
push a button, which is difficult when
you’re wearing a lab suit, scientists
could wear a headset and issue voice
commands, similar to “Alexa” or “Hey
Google”. People are already used to
interacting with voice activation in the
consumer market so it wouldn’t be a
huge leap to use it in a more professional
environment. These could be pre-set
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voice commands, or even just number
codes that are pre-programmed to mean
certain outputs, which would be easier
for the system to recognize with different
accents or dialects. All commands would
be logged, so you have the ability to
go back through a video and see who
pressed what button and what it did,
and voice commands could also enable
voice-to-text for note-taking.
Another technology to consider
is proximity activation — you could
wave your hand in front of a sensored
device to activate it, or you could raise
your hands to your head to activate
your headset. Obviously there would

need to be some safeguards because
you don’t want some machine to start
up prematurely. You could make the
activation object very small and set the
minimum and maximum distances you
have to be from it, so that it has to be a
very deliberate move.
The large monitors that display status
information about the lab could also be
used to display messages and notes. If
two people are working together, one
side of the screen could be for notetaking and the other could be a voice-totext chat box. You would have a constant
scrolling message of the conversation
between users which would be recorded

and saved. Then at the end of your
lab session, you’d have a transcript of
everything that was said, so researchers
wouldn’t have to rely on their memories
for everything or they could go back and
check something if they thought it might
be important later on. In future there
might not even need to be a screen. With
AR, a holographic display or something
like Google Glass, researchers could
call up a 3D representation of their
workstation and use hand gestures to
rotate it or zoom in.
This is not about developing
completely new technology — most
of this is commercially available today.

We just need to create the ecosystem
to allow it to be applied in a highcontainment environment. Then we
could build it in a simulated VR/AR
environment so that the laboratory team
could make sure it was meeting their
needs before it was implemented.
On our most recent BSL-4 project,
we’ve installed extra connectivity to avoid
the issue of recertification when new
equipment is installed. We’ve included
more data outlets, but also a very capable
wireless network and we’ve added an
extra dark fibre so that if additional
services are needed, there will already be
a large bandwidth connection in place.
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2
Team UK / How can you retrofit a fibre connection in an existing lab without any downtime?

A

ll of these problems could be solved
with a single fibre connection into
the space — once you have that, you can
have a comprehensive wireless solution
with as many access points as you
need, and you can keep all of the other
equipment outside of the laboratory
environment with no bottleneck in
capacity or infrastructure limitation.
This seems relatively straightforward
for a new-build, but how can you
retrofit it in an existing lab without any
downtime?
We wondered what else we could
piggyback on that might already be in
the room. However rudimentary the
current connectivity is, we know there
must be power. So the fastest, most
reliable option would be to send data over
the electricity cables using powerline
adapters. One adapter would be plugged
into a socket inside the lab, and the other
outside in the office space, as long as

it’s part of the same power distribution
network. This could then produce a local
wireless network within the lab that
devices could connect to — it’s not as
high-quality as a fibre connection but
it’s quite reliable. This could introduce
a security issue, so the data would have
to be encrypted at either end.
If the existing cameras are on an
old coaxial system, could we bore out
the copper wire from the middle of that
cable and drive some fibre through the
gap? It would take specialist equipment,
but individual fibre optic cables are
microns thick, like a strand of hair, so
fibre would be smaller in diameter than
any copper. The physics of it would work
— the question is how you get the fibre
through. You would still have a breach of
the containment, but it might be easier
to deal with.
We talked about using the concrete
walls for data transfer. If we could

transmit at a low enough frequency
— far lower than the current licensed
and unlicensed frequency ranges
for the latest wireless standards —
you could arrive at a frequency that
would be able to get through the wall,
though how useful that would be for
data transmission would be another
question. There would be issues with
reflectance off the rebar, and distortion
of the signal as it goes from one side of
the mass to the other. If you were trying
to send lots of signals through different
walls that were joined up, there might
be some interference …
You could, of course, send data over
the phone cable itself. The speed would
depend on how old it is, but even if it’s
from the late 1990s when we were just
getting our head around ISDN and
ADSL connections, you could still get
transfer rates of a couple of megabits
per second, which would be sufficient

“Could we bore out the copper wire from the middle of an existing
coaxial cable and drive some fibre through the gap?”

From WSP in the UK
David Healy / director, building services / London
Mark Ince / head of building technology systems / Birmingham
Matthew Palmer / director, structural engineering / Cambridge
Michael Trousdell / director, smart buildings and sustainability / London
David Williams / director, building physics / Basingstoke

for many internet of things applications
or for wireless cameras that would allow
remote monitoring from outside. That
stuff is generally low bandwidth.
If they were installing more modern
security or remote monitoring cameras,
providers now offer occupancy-related
analytics services. So rather than having
a security guard watching the livestream,
there is analytics software that can
sit on top of the system and convert
the images into occupancy data. So
you could have a 360° camera on the
ceiling, totally isolated on a wireless
network within the room, but hopping
out on the powerline connection. The
analytics could take place on a secured
cloud-based system, or the whole system
could run on the premises. The local
hardware could use machine learning
to convert the images into data points,
and send alerts to help the scientists
monitor whatever they need to.
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3
Team Australia / We use droids in surgery — we can use them in labs too

O

ne thing that labs could take from
digital healthcare spaces is haptics
solutions. You could have an android
“person” within the space that could
see and touch and feel and lift objects
in the same way you can, and you would
control it from outside. The droid would
essentially become you in the space
— like an avatar, but you’d be there in
full form.
If you’re looking after a person with
Ebola, you want to be able to feel and
touch and do something for them, so
you need to have something that’s your
eyes and ears and arms and legs on
the ground. You will never get that real
human-to-human contact with virtual
reality. In robotics surgery, you’ll have
doctors sitting inside something that
looks like a Transformer, and they control
it to do what they need to do inside the
patient space. In the lab, the droid would
be there all the time, so there’s no need

to let anything in or out, and whoever
needs to be in there could log in and
take control of it.
The droid could work alongside
humans that are present in the space
or participate in an experiment — so if
you’re in the lab, you could collaborate
within someone anywhere in the world
without them needing to be there. The
face of the person controlling it might
be projected on a screen on the front,
and it would look at you and talk to you
at eye level. We’re used to not seeing
the whole body to communicate — now
we often see headshots and that’s all.
Something like this could have
multiple uses, depending on who is
controlling it. It’s not just about video
conferencing or communication.
The droid could be controlled by
a collaborator, or a safety officer or
government security official. It could
be used for training. If something

“We don’t want it to have AI, we just want it to be intelligent
enough to know not to hit people in the space as it’s turning”

From WSP in Australia
Roneel Singh / director, technology systems /
Melbourne

happens and you need to get out
quickly, or someone collapses inside,
the droid could lift them to safety in
the decontainment section or airlock.
There are a lot of these funky looking
robots that are nearly humanoid but
they’re automated. What we really want
here is to take one step back. We don’t
want it to have AI, we just want it to be
intelligent enough to know not to hit
other people in the space as it’s turning,
because the controller probably can’t see
them. But that control needs to be fully
translated back to the human.
We haven’t seen the need or the use
for this kind of direct control, but it could
be applied in lots of spaces where travel
may be limited or it’s not possible to
participate physically. If you can get the
pressure and the touch right between the
control station and the droid, you would
feel natural in that environment even if
something else is doing everything for

you. With this, we’re not just trying to
mimic cutting and stitching, we’re trying
to mimic full human behaviour. But we’re
fairly close. There are some amazing
industrial robotics that can be completely
programmed, or they’re AI-based so they
have a learning algorithm, and we have
really good control and haptics feel from
surgery. So this is about merging a lot
of technologies that we have already in
really specialized operating theatres in
healthcare or large automation factory
floors. It sounds like real sci-fi stuff but
all of this is possible — it just needs to
be relayed through to this sector.
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