
UNDER NEW MANAGEMENT
Can we re-engineer the climate?

a                        Special Editiongreenfutures
Under New Management is a 
Green Futures Special Edition, 
produced in association with 
the Royal Society, the Natural 
Environment Research Council 
and Virgin Earth Challenge.  
The Natural Environment 
Research Council:  
www.nerc.ac.uk 

Virgin Earth Challenge:         
www.virginearth.com

Editor: Martin Wright  
Contributors: Michael Ashcroft, 
Andy Parker, John Shepherd   
Sub-Editor: Anna Simpson
Production: Katie Shaw  
Design: Heath’s Creative

Printed on Sylvan Silk paper, 
made from 100% de-inked 
waste and FSC certified 
sources, by Beacon press,  
using their pureprint® 
environmental print technology 
and vegetable based inks.

Published March 2011                      
© Green Futures                      
Reg charity no. 1040519   
Company no. 2959712    
VAT reg. no. 677 7475 70

The Royal Society is a fellowship 
of the world’s most eminent 
scientists and the oldest 
scientific academy in continuous 
existence. Its mission is 
to expand the frontiers of 
knowledge by championing 
the development and use 
of science, mathematics, 
engineering and medicine for 
the benefit of humanity and the 
good of the planet.

www.royalsociety.org

Green Futures is the leading 
international magazine on 
environmental solutions and 
sustainable futures. Founded by 
Jonathon Porritt, it is published 
by Forum for the Future, 
which works with leaders from 
business and the public sector 
to create a green, fair and 
prosperous world.

www.greenfutures.org.uk

www.forumforthefuture.org 

Subscribe to Green Futures 

Keep up to date with the latest 
news and debate on how to 
make the shift to sustainability in 
print and online, by subscribing 
to Green Futures:

www.greenfutures.org.uk/
subscriptions

or contact our subscriptions 
team direct:

Tel: +44 (0)1536 273543

Order Under New 
Management online

To order more copies of Under 
New Management, or to 
download a PDF version, visit: 
www.greenfutures.org.uk/
undernewmanagement

We’d love your feedback on 
Under New Management. 
Please email our editorial team 
at: letters@greenfutures.org.uk

P
ho

to
: q

in
gw

a 
/ 

is
to

ck



2    Green Futures    March 2011 www.greenfutures.org.uk www.greenfutures.org.uk

Geoengineering is a highly contentious term. For 
some, the very idea of tinkering with our climate is anathema. 
We would be playing god – and playing with fire – with 
potentially catastrophic consequences. 
 For others, the catastrophe is already upon us, in the form 
of runaway climate change. Seen in this light, geoengineering 
solutions may be our last, best hope for averting a disaster of 
unprecedented proportions. So to decide not to research their 
potential, at least, would be the height of irresponsibility.
 Those are the robust views at either end of the spectrum 
of opinion. Most of us, if we’re honest, sit somewhere in 
between, not knowing quite what to think. 
 So we’re delighted to have the chance to get our teeth 
into the topic with this Special Edition. 
 The features which follow set out the basic science 
and the debate behind it, and assess leading contenders 
among the range of ‘climate intervention’ technologies. 
We ask how – and whether – geoengineering could ever 
gain popular support and a ‘licence to operate’, and what 
sort of governance arrangements we will need to ‘tame the 
technological tiger’. We look at the lessons of the Virgin 
Earth Challenge, which offered a prize of $25 million for the 
elusive technical fix to global warming, and hear from Richard 
Branson what the next steps might be.
 We’re particularly pleased to have the Royal Society 
[RS], the UK’s national science academy, as partners for this 
endeavour. The RS has led the way in thinking on both the 
science of geoengineering and the thorny and fascinating 
question of its governance. Its new Solar Radiation 
Management Governance Initiative, takes this work a  
crucial stage further.
 The pages which follow will, I hope, be a very useful guide 
to a debate which is only just beginning – and which is sure to 
grow fiercer and more heated.

Martin Wright  
Editor in Chief

martin@greenfutures.org.uk

From the editor

Astonishingly, there’s still no settled view regarding the risks to the future of our species 
from accelerating climate change. The spectrum of opinion is vast, all the way from ‘Relax, we’ve got 
tonnes of time, and it’s not going to be that bad anyway’ to variations on the theme of ‘It’s already too late!’ – 
pitched at varying levels of apocalyptic despair. 
 This makes today’s debate about geoengineering all the more intriguing and spiky! 
 There are still many campaigners who see the gathering interest of scientists, politicians and investors as 
a dangerous distraction, diverting attention and political will away from the hard graft of reducing greenhouse 
gas emissions from every conceivable source.
 Others, though, have come to the conclusion that all the different interventions by government to mitigate 
the impacts of climate change are highly unlikely to stabilise emissions at a so-called safe level. For them, 
getting on with early stage research into geoengineering is a no-brainer.
 This is a logical, if chilling, perspective. If we really do end up on the wrong side of that safety threshold, 
then everything we take for granted about the continuity of human civilisation is up in the air. And having done 
so little to avoid such a nightmarish prospect, it is indeed only fair to ask whether we would really have it in us 
(technologically and financially) to geoengineer our way out of that nightmare. At what would, quite literally, be 
the last moment.
 But if we’re smart, there need be no incompatibility between full-on mitigation of greenhouse gas 
emissions and a gradual build up of transparent, properly regulated research programmes into both solar 
radiation management and carbon dioxide removal – the two principal ‘families’ of geoengineering options. 
 The one point of certainty amidst all the controversy is that none of these geoengineering options will 
work if we just carry on loading up the atmosphere with ever rising emissions of greenhouse gases. Any 
fantasies to the contrary should be slapped down with unbending scientific rigour.

Jonathon Porritt  
Jonathon Porritt is Founder Director of Forum for the Future, 
and author of Living Within Our Means, available from: 
www.forumforthefuture.org/projects/living-within-our-means 

A spiky and intriguing debate!
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MORAL HAZARD 
OR THE
ULTIMATE COOL?
Humanity has always wrestled with the weather. But if we could suck carbon 
out of the sky, or shield ourselves from the sun, we would face a whole 
new world of tough choices. John Shepherd explores the background and 
potential of geoengineering.

umans have always had to 
struggle with nature, both by 
adapting to it and attempting 

to master it. We wear clothes, and build 
houses. When the weather grows cold, we 
burn fuel for warmth. When darkness falls we 
light candles, or use electricity for light and 
entertainment. We build machines to move 
ourselves around, and cure many of the 
ailments that nature throws at us.
 In so many ways, we enjoy the bounty 
of nature while insulating ourselves from 
its harshness.
 Beyond this list of wonders, though, there 
remain some areas where nature still holds 
sway over us: none more so, perhaps, than 
weather and climate. We cannot control it; 
we can only adapt. Despite our best efforts 
over the centuries, we can’t make or stop 
the rain, we can’t make it warm or cool. We 
can only learn to live with the consequences.

Until now... 
Now, it appears, we might have the power to 
engineer the climate to suit our needs.
 Past attempts at modifying the weather 
in our favour, from primitive rain dances to 
modern day cloud seeding, have met with a 
combination of failure, ridicule and suspicion. 

Fears of military applications of nascent 
technologies led to the Environmental 
Modification Treaty (ENMOD), enacted in 
1978. This banned weather modification for 
hostile use, but allowed for further research 
for peaceful purposes.
 We have, of course, already altered the 
Earth’s climate – but only by accident, as 
an unexpected side effect of our efforts at 
advancement. Now that this accident is 

beginning to look potentially catastrophic, 
some scientists are considering how we 
might deliberately intervene to modify the 
weather on an unprecedented, planetary 
scale: by geoengineering the climate.
 It is a simple enough idea. By scrubbing 
greenhouse gases directly from atmospheric 
air, or by reflecting away a small percentage 
of the sun’s light and energy, it could be 
possible to reduce, or even reverse, the rate 
of global warming. It might conceivably be 
feasible to halt it altogether, and stabilise the 
climate in an optimum state.
 Therein lie both the promise and the peril 
of geoengineering. On the one hand, it could 
buy us vital time to reduce emissions to a 
sustainable level. Despite global negotiations 
for over 20 years, we have not yet cut our 
overall carbon emissions at all, let alone on 
the scale required. So if geoengineering does 
turn out to be feasible, as well as easier, 
cheaper or more politically acceptable than 
reducing emissions, then it could rapidly 
become the path of least resistance.
 But this could create a moral hazard: after 
all, why incur all the cost and complexity of 
cutting carbon if geoengineering makes it 
possible to carry on business as usual? There 
may also be unexpected – and potentially 
disastrous – side effects. Never before have 

“Never before have we tried  
to modify our environment 

on such a scale”
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Solar radiation management
SRM would reduce the amount of sunlight reaching the Earth by a small amount. 
It could reduce global warming much more quickly than CDR, and would likely be 
much cheaper to deploy. 

However, SRM techniques don’t treat the cause of climate change, would have a 
much higher risk of unexpected consequences, and would not address other effects 
of increased greenhouse gas concentrations, like ocean acidification. As such, they 
should only be considered as a potential temporary stopgap to avert a crisis, or to 
buy more time while emissions are brought under control. 

 

SRM techniques include:

• increasing surface reflectivity, by brightening man-made structures (eg whitening roofs), planting more reflective crops, or 
placing reflective materials in deserts

• making marine clouds more reflective

• distributing aerosols into the atmosphere to mimic the effects of volcanic eruptions

• placing shields or deflectors in space to divert solar energy away from the Earth.

These methods could have a notable effect on the climate in less than a year, and some are projected to be extremely cheap 
relative to reducing carbon emissions. However, there remains considerable scientific uncertainty about the overall climatic impacts 
of solar geoengineering (eg on patterns of rainfall).

we tried to modify our environment on such 
a scale. If we succeed in doing so, it may 
come to be considered humanity’s greatest 
achievement – or its worst mistake.
 Even researching its potential is fraught 
with difficulties. For example, large-scale field 
trials of solar reflection methods, which could 
elicit a measurable response in the climate 
system, would come perilously close to actual 
deployment of the technology. However, until 
we undertake such trials, we can never be 
sure what the results will be in the real world. 
Some people argue that we should therefore 
refrain from research on such techniques, as 
the risks may become too great. Others argue 
that the risks of unabated climate change 
outweigh them, and that we would be foolish 
not to explore the possible benefits. 
 Then there are a host of ethical questions 
to wrestle with. Who should decide what 
geoengineering activities go ahead, and 
where and when? Almost by definition, their 
impact cannot be restricted to international 
boundaries. It is not hard to imagine the 
tensions that may be caused by an extreme 
weather event occurring in one country 
shortly after another, perhaps rival, power 
has conducted a large-scale test. Even if 

we managed to minimise all unwanted side 
effects, we would still need to resolve who 
gets to control the ‘global thermostat’, and 
for whose benefit. Cold, wet countries and 
hot, dry ones are unlikely to agree on what 
the ideal global temperature or levels of 
rainfall should be. 
 These discussions take on added 
urgency as the business potential of some 
geoengineering techniques becomes 
apparent. If the cost of removing a tonne of 
CO2 from the atmosphere becomes cheaper 
than that of abating the activity producing it, 
then a viable business model emerges, quite 
literally, out of thin air…
 Whether and how these issues can be 
resolved in our far-from-perfect system 
of international relations will determine 
whether geoengineering is something that is 
handled with responsibility, cooperation and 
prudence, or with hubris and narrow 
self-interest. 
 The UN Convention on Biological  
Diversity has already made the first 
tentative steps towards governance of 
geoengineering activities. 
 At its November 2010 Conference of the 
Parties, it advised governments to ban  

large-scale geoengineering activities that  
may affect biodiversity, while allowing for  
small-scale research to proceed.
 Now the Royal Society is joining TWAS 
(the academy of sciences for the developing 
world) and the Environmental Defense 
Fund in convening the Solar Radiation 
Management Governance Initiative (SRMGI). 
Its aim: to foster international dialogue and 
cooperation on the issue, to ensure that 
any research that may be done is safe, 
transparent and responsible.
 Of course the real decisions on 
geoengineering will eventually have to be 
taken by national governments. However, it is 
vital that such decisions are founded on sound 
science, with well thought out governance 
structures and broad public participation. It is 
not too soon for the scientific community to 
begin the dialogue with civil society that can 
help to achieve this. 

John Shepherd is Professorial Research 
Fellow in Earth System Science at the University 
of Southampton, UK. He chaired the Royal 
Society study on Geoengineering the Climate in 
2009. Additional material by Michael Ashcroft 
and Andy Parker.   

Being asked if you are in favour of geoengineering is like being 
asked if you are in favour of drugs. Which drugs?  In what 
circumstances? Recreational or medical? Similarly, what kind of 
geoengineering? What are you trying to achieve with it? There 
is actually very little that one can say about geoengineering (or 
drugs) in general that is both true and useful.
 The potentially serious problems that generalisations can 
cause were highlighted recently when the UN Convention on 
Biological Diversity [see above] debated a proposed moratorium 
on “all geoengineering activities”. One assumes that the 
delegates didn’t really want to ban planting trees or painting 
roofs white, but the language they supported would have done 
just that. 
 A problem for those who want to have a serious discussion 
is that ‘geoengineering’ often calls to mind the most outlandish 
interventions. For this reason many people have dismissed the 
whole concept as a ‘bad thing’. But are there useful alternatives 
to the term? 
 Sensible discussion should, in the very least, start by 
dividing the techniques into their two main categories: those 
which aim to remove excess quantities of carbon dioxide 
from the atmosphere (so tackling one of the prime causes of 
global warming), and those which aim to reduce the amount 

of solar radiation reaching the Earth’s surface (so reducing 
global surface temperatures without tackling the cause of 
their rise). The former are sometimes referred to as ‘carbon-
negative’ strategies; the latter as ‘global dimming’. The Royal 
Society favours the (arguably more precise) terms, carbon 
dioxide removal (CDR) and solar radiation management (SRM). 
While these have been quite widely adopted by the specialist 
academic community, there aren’t many signs of them replacing 
‘geoengineering’ in the public and the media. 
 A major conference looking at the governance of all 
geoengineering techniques, held in Asilomar, California, in 
March 2010, dispensed with the term altogether, using ‘climate 
intervention’ and ‘climate remediation’ to refer to SRM and 
CDR respectively. However, this met with the accusation that an 
unpopular idea was undergoing a PR rebranding. True or not, 
the new terms appear not to have become popular yet.
 Controlling language may be almost as difficult as controlling 
the weather, and perhaps the best option is not to fight the 
‘G word’, but to nudge it in a new direction, by referring to 
‘carbon geoengineering’ and ‘solar geoengineering’. These 
terms are still not perfect, but they’re certainly more descriptive 
than ‘geoengineering’ on its own, and could help to prevent 
misunderstanding if adopted.

WHAT’S IN A NAME?
 
Geoengineering is “the deliberate large-scale intervention in the 
Earth’s climate system, in order to moderate global warming”.
Geoengineering the climate, Royal Society, 2009.

CDR v SRM
 

Carbon dioxide removal
Were time not a factor, CDR would be much preferable to SRM for  
addressing climate change. This is because it treats the cause of climate change  
(the accumulation of greenhouse gases in the atmosphere) rather than just  
counter-balancing the effects (by reducing the amount of incoming sunlight). 
In most cases, but not all, CDR techniques also have less potential for  
unpredictable side effects. 

 

CDR techniques include:

• land use management to enhance carbon sinks (eg planting and growing trees)

• biomass for carbon sequestration (eg biochar)

• enhanced natural weathering (using ground-up rocks to absorb CO2)

• direct removal from the air (‘scrubbing’ CO2, possibly for use as fuel)

• ocean fertilisation to encourage the growth of algae to absorb carbon.

Geoengineering methods can be split into two broad categories, which act on different parts 
of the climate system:

• Carbon dioxide removal (CDR) techniques, to take out CO2 from the atmosphere, so reducing the greenhouse effect. 

• Solar radiation management (SRM) techniques, to reflect a small percentage of the sun’s light back into space. 
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Algae: a natural carbon sink
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Six ways to 
cool the planet
Michael Ashcroft and Andy Parker profile six of the most developed and 
controversial large-scale geoengineering technologies currently under active 
discussion. Three of these remove CO2 from the atmosphere, and three reduce 
solar radiation.

Capturing CO2 from ambient air 
Humanity has proven remarkably adept at building machines that release carbon dioxide 
into the atmosphere, so might we be able to reverse this and build machines that remove it?
 If we could develop a cheap, clean and sustainable method of scrubbing carbon 
dioxide directly from the air, and storing it somewhere safe, we could limit or even 
reverse climate change. This would allow us to treat the cause of global warming, rather 
than just disguising the symptoms. 
 ‘Air capture’ is already possible with current technology, but would prove very 
expensive, given the low concentrations of CO2 in the air around us. However, scientists 
are currently working on a number of different designs for carbon-scrubbing technologies 
[see right], with the aim of bringing the energy requirements and cost down. A high 
global carbon price would help the economics of air capture, which would provide a 
genuine and verifiable method of carbon offsetting. 

Pros: minimal side effects; virtually unlimited potential.

Cons: very expensive, and very slow to work; a long way off large-scale deployment; 
still needs substantial R&D.

Effectiveness: High

Affordability: Low

Timeliness: Low

Safety: Very High

Ocean fertilisation
In areas of the surface ocean where there are sufficient nutrients, blooms of algae grow, 
drawing in carbon dioxide. When the algae die, a small amount sinks to the bottom of the 
sea, trapping that carbon in the deep ocean. Ocean fertilisation techniques involve adding 
nutrients to the sea where they don’t occur in sufficient natural abundance, to encourage 
the growth of the algae, and so increase the absorption of CO2. These nutrients could be 
nitrates, phosphates or iron.
 Of course, ocean fertilisation is not without its drawbacks: the potential for unex-
pected side effects on marine life is very significant; it is inefficient (because most of the 
plant material is rapidly recycled); it would be very slow to be effective; and it’s likely to be 
quite expensive. Currently, the dumping of such substances is also banned under the UN’s 
London Protocol, except in cases of legitimate scientific research.

Pros: a carbon removal technique which would address the cause of climate change.

Cons: uncertain consequences on sea life; very slow and likely to be quite expensive.

Effectiveness:  Low

Affordability:  Medium

Timeliness:  Low/Very Low

Safety:  Very Low
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Enhanced weathering 
Carbon dioxide is removed naturally from atmospheric air when it reacts with certain 
basic rocks to form soluble bicarbonates. This process occurs very slowly in nature 
(less than 1 gigatonne of carbon per year is removed from the atmosphere). It could 
be enhanced by mining large amounts of suitable rock, grinding it to increase the 
surface area, and spreading it over fields. In theory, applying 7km3 per year of the right 
kinds of rock would offset human emissions. To give some context, that is roughly 
twice the volume of coal that’s mined annually, and would cover several million square 
kilometres of land.
 Despite the enormity of the scale of mining required, the science behind the process 
is quite well understood, and the carbon is eventually stored securely in the ocean 
or as carbonates. However, more research into the effects on soil would be needed 
before this could go ahead at scale. The mining and transport required would use large 
amounts of energy, and if this were provided by fossil fuels it would partially offset the 
effect.

Pros: very large potential for carbon storage in oceans and soils; few side-effects on 
the atmosphere. 

Cons: very expensive, requiring substantial further R&D; slow to have impact; could 
have serious effects on local soil quality.

Effectiveness:  High

Affordability:  Low

Timeliness:  Low

Safety:                       Medium to High

Marine cloud brightening 
A fleet of ships roams the seas, spraying jets of seawater droplets into the air. The fine mist 
of seawater droplets evaporates, forming additional nuclei for the condensation of cloud 
water droplets. The effect is to brighten the stratocumulus clouds that occur naturally in 
abundance over parts of the world’s oceans. These brighter clouds, in turn, reflect a little 
more sunlight back into space and so cool the planet. It is estimated that a fleet of 1,500 
such ‘cloud ships’ would be needed to counter the effects of concentrations of 
atmospheric CO2 double that of pre-industrial levels. 
 The process could be shut off quickly: if the cloud ships stop spraying, nearly all the 
seawater particles would rain or settle out of the atmosphere within ten days. However, 
the increased reflectivity would be limited, and would not be uniform around the world, 
which could result in changes to local weather patterns over nearby land masses. There 
could also be an impact on marine currents.

Pros: relatively quick to work, and could be switched off again quickly.

Cons: potential adverse effects on weather patterns and ocean currents; does nothing to 
counter other effects of increased greenhouse gas emissions such as ocean acidification; 
likely to be quite expensive.

Effectiveness:  Low to Medium

Affordability:  Medium

Timeliness:  Medium

Safety:  Low

Stratospheric aerosols 
When Mount Pinatubo erupted in The Philippines in 1991, it blasted millions of tonnes of 
tiny reflective particles – sulphate aerosols – into the stratosphere. These encircled the 
globe on the stratospheric winds, reflecting away a small percentage of inbound sunlight 
and cooling the Earth by 0.5°C over the next couple of years. By deliberately injecting 
aerosols into the stratosphere, we could mimic such effects, and so reduce global 
temperatures in much the same way.
 Deploying stratospheric aerosols would be likely to be cheap, could cool the Earth as 
much as we desired, and work quickly. A fleet of high-flying jets or a very long hose could 
deliver the aerosols to the upper atmosphere, where they would stay for a couple of years. 
 If this sounds too good to be true, that’s because it probably is. The (predictable) 
potential drawbacks include uneven regional effects on weather, particularly rainfall, 
possible ozone depletion, reduced direct sunlight and increased haze (and therefore fewer 
blue skies), as well as a raft of political and ethical issues. 

Pros: likely to be very effective, quick acting and affordable.

Cons: effects would be unevenly spread; may affect stratospheric ozone and biological 
productivity, as well as modifying weather patterns and reducing sunshine.

Effectiveness:  High

Affordability:  High

Timeliness:  High

Safety:  Low

Orbital mirrors 
Imagine trillions of tiny reflectors floating between the Earth and the sun. It certainly captures 
the imagination – but though it may sound like science fiction, the idea has received some 
consideration from serious scientists.
 In theory, space mirrors might be the most elegant and desirable way to reduce 
incoming solar radiation. The reduction would be uniform around the world, and it would 
not involve the release of any chemical into the atmosphere. However, while technically 
possible, the scale of the endeavour alone could well be prohibitive. To achieve the 
desired effect, we would need stacks of one million reflectors to be launched every five 
minutes for about 30 years. The deployment costs would be astronomical, but once in 
place the system would have a very long lifetime, giving us long-term control over the 
energy we receive from the sun.
 As it would take decades to get the reflectors into space, this could never be a short-
term response to a climate emergency. And as with other solar geoengineering techniques, 
it could also change regional weather in unforeseeable ways.

Pros: could be very effective.

Cons: would take decades to be fully operational, though the effects would start working 
within a few years; extremely expensive, with impacts unevenly spread.

Effectiveness:  High

Affordability:  Very Low to Low

Timeliness:  Very Low 

Safety:  Medium
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dimming – due to war, for example, or to a 
shortage of sulphur – would see accelerated 
warming, perhaps shifting the Earth to a new 
climate within months. 
 The moral implications of this generation 
committing the next 20 generations to 
permanent management of solar radiation are 
immense. Perhaps if the judgement were left 
to ‘this generation’ (as a whole) there would 
be less to worry about. But the decision as 
to how much solar radiation should reach the 
planet will depend on who makes it. 
 So who in practice will authorise sending 
up the specially equipped fleet of 747s, or 
turning on the spigot of the 40km Kevlar sky-
tube? The Central Committee of the Chinese 
Communist Party? President Palin? A rogue 
billionaire? The military? At present there is 
no law to stop any of them doing just that. 
Whose interests do they serve? What is their 
preferred thermostat setting? 
 One thing seems certain: the poor and 
powerless will not be allowed near the control 
panel. Some climate engineers fear that a 
UN treaty to regulate SRM would prevent 
implementation, and even research. Yet, 
ethically, taking control of the Earth’s atmosphere 
cannot be justified without the informed consent 
of those affected, especially the most vulnerable. 
The UN is the only route by which consent may 
be given, even if consent stops geoengineering 
in its tracks.
 Commercial vultures are circling. Start-ups 
and venture capitalists are already making 
plans to cash in on planetary management 
technologies. Perhaps someone is already 

quietly acquiring control of the world’s 
sulphur supply. Most sulphur used today 
is a by-product of oil and gas production, 
although a share is scrubbed out of the flue 
gases from coal-fired power plants. That 
would be the final irony: extracting sulphur 
before it pollutes the lower atmosphere in 
order to save ourselves by spraying it into the 
upper one.
 The sulphur industry already has its own 
lobby group in Washington. Dominated by 
oil companies, it actively promotes greater 
use of sulphur. Once big corporations have 
a stake in any endeavour, they become a 
political force with an interest in growth. In 
the future, will the promotion of shareholder 
value in oil companies determine how much 
light reaches the Earth? 
 There lies perhaps the greatest anxiety 
about enhanced dimming: if we start a 
programme to reduce the amount of sunlight 
reaching the Earth, will we ever be able to 
stop it? Will enhanced dimming be locked in
because it gives the green light to continued 
carbon emissions, and the overconsumption 
behind much of them? Will it create its own 
political and commercial power bloc? Will the 
rich who benefit ignore the pleas of the poor 
who suffer? Will we be too afraid to stop it 
because cessation risks disaster?
 Global warming promises a grim future 
because we have come to believe that 
technology can solve any problem. But if 
technological thinking gave us the problem of 
climate change, is it not folly to believe that 
the same thinking will fix it?

Clive Hamilton (www.clivehamilton.net.au) 
is Professor of Public Ethics at the Centre 
for Applied Philosophy and Public Ethics in 
Canberra. He is the author of Requiem for 
a Species: Why we Resist the Truth about 
Climate Change (Earthscan 2010), and of a 
series of papers on geoengineering and the 
psychology of climate denial. 

ince its formation 4.5 billion years 
ago, the amount of solar radiation 
reaching the Earth has been 

regulated by the sun. Now we are not happy 
with the arrangement and want to take over 
regulation ourselves.
 Space mirrors are science fiction, but plans 
to transform the chemical composition of the 
Earth’s atmosphere through a programme of 
stratospheric aerosol injections are all too real. 
 If we have learned anything from the last 
two decades of climate research it is that the 
global climate system is fiendishly complex. 
We don’t know what the consequences of 
enhancing ‘global dimming’ through aerosol 
spraying would be, and even with another 
two decades of intensive study, it’s unlikely 
we could predict the global effects with any 
degree of accuracy. 
 Early studies suggest that, like some 
volcanic eruptions, stratospheric aerosol 
spraying could cause major changes in 

rainfall patterns. It may disrupt the Indian 
monsoon and African rainfall patterns, 
leading to widespread crop failures. These 
regional impacts would exacerbate the likely 
conflicts between nations over the optimal 
temperature at which the global thermostat 
should be set.
 One of the most powerful arguments 
against enhancing global dimming arises 
from the fact that climate change is not only 
about global warming. The oceans absorb 
around half of the additional carbon humans 
are pumping into the atmosphere, causing its 
acidity to rise. The oceans are already around 
30% more acidic than before the Industrial 
Revolution, impeding shell formation by marine 
organisms and jeopardising coral reefs.
 Aerosol spraying may be able to offset 
warming, but ocean acidification would 
proceed unchecked as carbon concentrations 
rise. There is no known answer to acidification, 
other than crazy schemes to pump alkalis into 

the waters around coral reefs. So what are we 
to do? Sacrifice the oceans?
 Aerosol spraying would also reduce the 
amount of direct solar radiation available 
for plant photosynthesis, and anything 
else which runs on sunlight, like renewable 
energy systems. The effect may be small, 
but many plant systems operate at the 
margin. A high-level aerosol haze would 
whiten the skies in the daytime and impede 
astronomers at night.
 But perhaps the foremost danger of SRM 
is what is known as the ‘moral hazard’: the 
possibility that geoengineering would relieve 
the pressure on nations to cut their carbon 
emissions. Unrestrained growth in emissions 
would accelerate latent warming and thereby 
lock in the need for a spraying programme 
without end.
 The analysts worry about how big a risk 
this is. Those with their feet on the ground 
know it is not a possibility, but a certainty. 
Once the floodgates open, governments and 
industry will seize on SRM as a means of 
getting themselves out of a tricky situation 
while carrying on with business as usual – 
particularly as controlling sunlight is expected 
to be much cheaper than cutting carbon 
emissions. The temptation to shift the 
burden from powerful industries and affluent 
consumers to the faceless victims of aerosol 
spraying will prove too great.
 The build-up of latent warming would 
soon make it impossible to stop regulating 
solar radiation without drastic consequences. 
The ‘rebound effect’ of ending enhanced 

THE PERILS  
OF PLANETARY
TECHNOLOGY
Clive Hamilton makes the case against ‘global dimming’.
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overnance is a word on 
everyone’s lips these days, 
and for good reason. Global 

governance is certainly not getting any easier, 
with destructive financial ripples, inscrutable 
oil prices, surging food costs, and unsettling 
national uprisings. These familiar concerns 
remind us that even long-established 
governance systems, with rich historic 
experience to draw from, are increasingly 
caught unprepared by the rapidly changing 
social, political and technological realities of 
our new century. 
 Now against this backdrop, try to design 
a new international regime that can head 
off dangerous human interference with the 
climate system without exacerbating the 
multitude of other looming calamities which 
are barely being managed already. With 
virtually no historic experience to draw upon, 
forecasts about how climate policies would 
actually impact those tender bits of our global 
society – such as jobs, energy supplies and 
food production – appear at best uncertain. 
And that’s before contesting predictions from 
differing political camps are washed into the 

mix. In this context, the continuing lack of a 
global climate deal, while no less disastrous 
for our planet’s future, is sadly somewhat 
understandable. 
 The sense of dismayed ‘inevitablism’ 
about climate change evoked by such 
thinking has been a key factor in bringing 
the notion of geoengineering into scientific 
and public prominence. Some hope this 
might make the climate challenge more 
manageable, both by limiting the downside 
risks and costs and – just maybe – by 
frightening societies into reducing their 
carbon emissions (because the prospect of 
having to geoengineer our global climate is 
quite scary)...! 
 But as with many well-intentioned notions, 
it raises more questions than it answers, 
including: 

• Who will decide when and how much 
of which type of geoengineering is 
necessary? What happens when not 
everyone agrees?

• If societies do start to feel protected 

against climate risk, will that reduce 
the incentive for them to curb carbon 
emissions – an action which would 
address that risk in the first place?

• How would the climate and social changes 
brought about by geoengineering impact 
other key issues which societies are 
increasingly wrestling with?

 These questions underpin the new 
governance challenge that comes with the 
emergence of geoengineering technologies. 
Part technology management, part climate 
policy and part international affairs, it 
is spiced with all the same complex 
interdependencies alluded to above for 
climate change alone. And there is also 
the added complexity (at least for solar 
geoengineering) that fast unilateral action 
appears plausible and cheap for many 
nations, but could carry with it highly 
uncertain global climatic consequences.
 Attempting to predict how the future will 
unfold is not a good basis for designing a 
governance framework: it can lead to myopic 

THE 
POLITICS 
OF
UNCERTAINTY
Intervening to deliberately change the climate throws up the mother of all 
governance challenges. Jason Blackstock explores how we might meet 
it, and what that would mean for diplomacy and democracy.

thinking about the variety of situations this 
might have to cope with. That said, thinking 
through a spectrum of quasi-plausible future 
scenarios can be a powerful way of getting 
to grips with the complex dynamics that a 
governance system may need to grapple with. 
Take, for example, the hypothetical scenario 
described in a news feature from 2031:

Emergency UN Session Convened

StratoShield Fleet 
Continues Sulphur 
Injections
Even as an emergency session of the UN Security 
Council (UNSC) begins today in New York, the 
20 aircraft currently comprising the so-called 
‘StratoShield Fleet’ are continuing their daily 
sorties into the upper atmosphere. 
 Around 100,000 tonnes of sulphate aerosols 

have now been dispersed during the Fleet’s first 
four months of operation. The UNSC session 
takes place against a background of growing 
consensus among experts that the technology 
is indeed working. The UN’s own specialist 
monitoring group concluded that the coalition 
of 23 countries actively managing the Fleet has 
demonstrated that it can fulfil its stated goal of 
“returning global radiative forcing to 2000 levels 
within three years”.
 The coalition claims that achieving this 
goal will reduce global temperatures to averages 
similar to the ‘00s (in other words, around 
0.7˚C cooler than those of the last five years). 
But critics point out this will only be achieved 
by dramatically increasing the dispersal rate 
of stratospheric aerosols, to between two and 
three million tonnes per year, and that the 
consequences of such cooling will not be all 
positive. After heated public exchanges between 
Chinese, Indian and Russian officials over the past 
month, observers fear that any notable increase in 
the dispersal rate could escalate tensions into an 
economic or even military stand-off.
 The UNSC itself is divided. Seven of the 24 

current members sponsor or support the Fleet’s 
activities, four oppose it, and the remainder are, 
for now, cautiously neutral. Officials from the 
European Union, which called for the session, 
say their main goal is to “promote agreement 
on the major issues at stake” amidst the stream 
of conflicting political and scientific statements 
flowing weekly from national governments, 
scientific bodies and NGOs.
 Backed by supporters of the Fleet’s activities, 
including the 39 countries of the Alliance of 
Small Island States (AOSIS), Brazil and China 
will open the session by recounting several 
widely publicised findings of the IPCC’s Seventh 
Assessment Report. They are expected to focus 
on the economic and social damages now being 
attributed to specific climate change impacts, 
particularly in the least developed countries. 
In particular, they will point to the fact that the 
number of registered climate refugees has now 
topped the two million mark. And they are sure 
to highlight the latest sea level index, which 
is now reading 18cm over the norm – largely 
due, experts say, to increasing losses from the 
Greenland and West Antarctic ice sheets.P
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 Strong opposition is expected from Russia 
and Canada, both heavy backers of the 
multinational Arctic Petroleum Consortium. 
Over the past eight years, the APC has invested 
upwards of $500 billion in developing the far 
north’s energy reserves. However, speculators 
have raised concerns that up to half of these 
investments might become unviable if the 
Fleet’s global cooling effect were to eventually 
cause a resurgence of Arctic sea ice. This 
speculation has already driven oil futures back 
over $300 per barrel.
 It was partly concern over tightening 
global energy supply back in the mid-20s that 
prompted Canada, Russia, India and South 
Africa to walk out of talks on the Arctic cooling 
experiments proposed by the (now defunct) 
International Solar Geoengineering Research 
Collaborative. Today, India and South Africa 
are expected to align with the majority of 
Security Council members who fall publically 
into the ‘sceptical but undecided’ camp. These 
countries are broadly pressing for answers on 
how significantly reducing radiative forcing 
might impact various long-standing concerns, 
while acknowledging the negative impacts 
climate change is already having. Food and 
energy prices will be among the hottest topics. 
But other issues too are expected to surface 
in the discussions, from biodiversity loss to 
immigration pressures, and the fate of climate-
sensitive national infrastructure investments.
  One wildcard at the Council will be the 
United States. Here, embattled President 
Gabriel Hernandez is still attempting to 
negotiate a compromise between the highly 
polarised energy and climate interests, currently 
fighting each other to a standstill in Congress 
and the courts. One senior administration 
official, venting anonymously, told us: “This 
domestic and geopolitical mess would have 
been a hell of a lot easier to manage if we’d 
started seriously curbing carbon emissions in 
the 2010s, rather than late last decade!

 This scenario hardly depicts the sort  
of positive ‘green future’ that we would  
hope for. In fact, those of us thinking 
carefully about how to govern 
geoengineering research and technology 
development rather hope that prudent 
forethought can help avoid similar situations. 
But it highlights important drivers – some of 
which are extremely difficult to predict and 
impossible to control – that will inevitably 
shape how, when and if geoengineering 
evolves from concept to reality.

 The most obvious of these is the 
evolution of climate change itself. If climate 
impacts over the next two decades are 
mild, there is unlikely to be much pressure 
for active deployment of geoengineering. 
If, by contrast, we see increasingly extreme 
weather, along with rapid sea level rise, it will 
surely rise quickly up the political agenda. 
This will particularly be the case if we reach 
one or more ‘climate tipping points’. These 
are hard-to-predict thresholds beyond 
which parts of the climate system undergo 
rapid non-linear change – such as melting 
permafrost releasing vast quantities of 
methane, a highly potent greenhouse gas. 
 We can expect such scenarios would 
have increasingly bad net consequences for 
global societies, but our understanding of 
exactly how and for whom they will be bad 
(and also who might benefit in the short term) 
remains sketchy. Even sketchier are guesses 
about how domestic populations and 
national governments 20 years hence would 
respond to the multitude of pressures such 
events could induce. 
  Nonetheless, whether and which 
countries develop the political will to launch 
a serious geoengineering effort will clearly 
be a core driver of how these technologies 
evolve. One suggestion, unsubtly laced 
throughout the above scenario, is that such 
political calculations are unlikely to be based 
purely on long-term altruism. Important and 
realistic near-term considerations, such as 
jobs, energy prices and the cost of food, 
seem likely to be as dominant in climate-
related decisions two decades from now as 
they are today. Any governance framework 
for deploying geoengineering needs to 
recognise this.
  For both these important drivers – climate 
consequences and political landscapes 
– broad projections into the future are 
possible. But just how complex the reality of 
both (and their interactions) will be cannot 
be fully appreciated until we’re living right in 
the middle of it. A perfect reminder of how 
uncertain even the immediate future can 
be is the recent and unpredicted Tunisian 
revolution – sparked in part by protests over 
rising food prices – and the unprecedented 
political uprisings it ignited in Egypt and 
throughout the region.
 So, accepting inevitable uncertainty 
where it exists, how can prudent 
forethought still help develop a governance 
system for geoengineering that may just 
safeguard us from undesirable futures, 
such as our 2031 scenario?
 First, scientific research can provide 

considerable insight into what geoengineering 
technologies could and could not be useful 
for. Future political decisions about using 
geoengineering will be based largely on 
how useful it is seen in addressing whatever 
climate-derived threats are being felt at 
that time. Building robust, internationally 
accepted scientific knowledge about the 
potential benefits and risks of geoengineering 
technologies is therefore a critical step 
towards ensuring such perceptions are 
grounded in reality. This reduces the risk 
that misguided experiments with our global 
climate could be launched due to either naïve 
optimism or political opportunism winning 
over public opinion.
 At the same time, how that research is 
conducted, and by whom, will be at least 
as important as the knowledge the research 
generates. We are just entering the early 
days of serious geoengineering research and 
technology development. If we can create 
frameworks for global transparency and 
inclusiveness now, it can lay foundations –
normative and institutional – that could make 
it much harder for a subset of nations to 
launch geoengineering actions that disregard 
global welfare. In other words, whatever 
governance system (formal or informal) is 
established for geoengineering research 
in the next few years will set important 
precedents for how the future is governed.
 In this context, building robust traditions 
of transparency and inclusiveness also 

means more than just international 
collaboration between scientists. The best 
foundation for future political cooperation 
on geoengineering is a broad and inclusive 
conversation that includes scientists, 
policymakers and publics around the world. 
 Such a conversation would have two 
important goals. 
 First, to create a shared conception of 
what geoengineering is, what we know about 
it and, crucially, what we do not know, at 
any given time. This will help politicians and 
the public understand the risks and limits of 
geoengineering, and why geoengineering 
does not reduce our need to mitigate global 
carbon emissions. 
 Second, to help policymakers and 
scientists understand how the public 
connects the idea and potential realities 
of geoengineering to their daily lives. This 
is not meant as PR for geoengineering 
technologies. Quite the opposite: it is 
needed to ensure that the individual and 
cultural issues most important to our 
global societies are carefully woven into 
the governance framework for emerging 
geoengineering research.
 Anticipating future challenges is difficult 
in any policy arena, and especially in one 
with technologies that are in the earliest 
days of their exploration and development. 
The approach outlined above can help us 
prepare as best we can. Playing through 
a range of possible future scenarios can 

also help us develop governance systems 
that are as robust as possible against 
undesirable outcomes.
 But in the end, will such prudent 
forethought be enough to make the 
potential benefits of geoengineering 
outweigh the potential risks? Sadly, 
there are no guarantees. Geoengineering 
concepts and research do bring with them 
new risks, and this is certainly a thought 
that rests heavy in my mind when I write or 
speak about this topic.
 However, the risks we already run with 
our global climate system are profound 
and increasing. Human societies and 
natural ecosystems alike could come under 
unprecedented threat from climate change 
this century, and thus far we have collectively 
failed to limit that threat. If geoengineering can 
potentially provide another recourse for future 
generations, then careful exploration of these 
ideas, with appropriate early governance, 
seems to me the best option, on balance.
 Of course, none of this changes the fact 
that limiting the threat of climate change 
through mitigation is still our best option to 
begin with!

Jason Blackstock is Senior Fellow for Energy 
and the Environment, Centre for International 
Governance Innovation (Canada) and Visiting 
Research Scholar, International Institute for 
Applied Systems Analysis (Austria).
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eoengineering could change weather 
patterns, alter our local environment 
or, in worst case scenarios, irreversibly 

damage the ecosystems on which we all depend. 
So before researchers and policy makers go ahead 
with it, shouldn’t we ask the people who would be 
affected by these changes what they think?
 In early 2010 the Natural Environment Research 
Council (NERC) did just that. We ran a public 
dialogue to help us understand what a small, 
broadly representative group of members of the 
public thought about geoengineering, and how 
they reached those views. 
 We found that people did not object to 
geoengineering in principle, but did have specific 
concerns that they would like scientists and others 
to address before attempting to put it into practice. 

 NERC’s public dialogue on geoengineering, 
called ‘Experiment Earth?’, took place over several 
weekends in February and March 2010. We invited 

groups of 30 people, chosen to be representative 
of the local community, to workshops held 
in Birmingham, Cardiff and Cornwall. There, 
they were introduced to nine geoengineering 
technologies, and were given the opportunity 
to talk about them with each other and with 
scientific experts.
 A week later, the participants came back for 
a second workshop. This focused on the ethical 
and social aspects of geoengineering, and gave 
participants time to discuss the implications of the 
technologies for themselves and for other people 
around the world. To ensure that the results of the 
dialogue would be useful to a range of different 
stakeholders we worked with scientists, policy 
makers, NGOs and people from industry to make 
sure we included a range of different viewpoints in 
the discussions.
 The dialogue culminated in a final event in 
Southampton, where some of those who’d taken 
part could discuss the issues that arose at the 
first two workshops with senior people from 
NERC and other stakeholders. We also ran open 
access events at three science centres around 
the UK, along with an online survey. So what did 
we discover? 
 The dialogue participants did not dismiss 
geoengineering as a potential solution to climate 
change. They did, however, have a lot of questions 
which they would like scientists to answer before 
any geoengineering takes place. These include 
the potential side effects of the technologies, their 
controllability and reversibility, when they should be 
deployed, and how they could be regulated fairly. 
 Importantly, participants did not support the 
‘moral hazard’ argument, which suggests that 
geoengineering would undermine support for other 
ways to tackle climate change, such as reducing 

How can the public best be involved in discussions around 
geoengineering? Peter Hurrell of NERC reports on ‘Experiment 
Earth?’ – a dialogue initiative that aims to do just that.

When in doubt, 
talk about it

our CO2 emissions or adapting to changes. As 
one participant at the first Cardiff workshop 
put it: “We should do both – mitigate and use 
geoengineering. People still need to remember 
to cut CO2.” This was illustrated by another 
of the Cardiff participants when talking about 
one of the carbon dioxide removal techniques: 
“[Air capture without mitigation] is like getting a 
rabbit, letting it go, and then catching it again. 
Why not just not let it out in the first place?”
 Participants also felt that we should 
focus our efforts on removing CO2 from 
the atmosphere. The alternative, reflecting 
sunlight back into space via solar radiation 
management (SRM) was seen as a ‘sticking 
plaster’, which did not address the ultimate 
cause of climate change: our CO2 emissions. 
When discussing the nine technologies, 
participants also tended to prefer ideas such 
as afforestation or biochar, as these replicated 
existing ‘natural’ processes. According to one 
person who responded to the online survey, 
we should use “natural processes so [they are] 
less likely to have unintended consequences 
on ecosystems”. Of the generally disliked 
SRM approaches, cloud-whitening was the 
most popular as it was seen as closest to a 
natural process.
 Throughout the workshops there was 
a strong international element to the 
discussions, as participants recognised 
the global nature of the impacts of 
geoengineering and recommended that 
future dialogue includes people from 
around the world. They also saw the need 
for international cooperation to regulate 
geoengineering effectively.
 The public were keen to be involved in 

dialogue and wanted to influence policy, but 
felt they shouldn’t be asked to make decisions 
about whether to support a new area of 
science, particularly when the science was still 
quite uncertain. In general, people wanted to 
be kept informed through the media about any 
future developments in geoengineering: one 
participant asked for “cautious progression, 
with lots of media coverage so we can see 
what’s going on”. 
 Some of the early results from the 
workshops were used at an Engineering 
and Physical Sciences Research Council-
led ‘sandpit’ event in March 2010. At a 
sandpit, a group of researchers spend a 
week together to develop a small number 
of research proposals. The geoengineering 
sandpit resulted in two projects, both of which 
include some level of public engagement. One 
of these will use the data collected during the 
dialogue as a starting point for further public 
discussions, ensuring that it’s an ongoing 
process. This is an important part of any 
dialogue, since public views can shift as the 
wider context, such as media coverage and 
government policy, also changes.
 The dialogue told us a lot about 
communicating complex topics like climate 
science to groups of non-specialists. In 
particular, some participants struggled to 
grasp the scale of climate change, highlighting 
the need for imagery that could communicate 
this on a human scale. The Living With 
Environmental Change (LWEC) partnership is 
currently using these findings to think about 
how climate science is communicated. 
 The dialogues also highlighted the  
fact that most people have little awareness 

of the scientific process. As a result, we 
gave participants the chance to discuss 
with scientists how research works when 
they gathered at the final workshop in 
Southampton. 
 ‘Experiment Earth?’ also had more direct 
personal outcomes. The scientists and other 
experts involved valued the opportunity to 
talk to people about their research, although 
the questions they were asked were often 
challenging. Talking with the public also 
helped them consider how they can better 
communicate their work to those ‘outside the 
loop’. For their part, the public participants 
also enjoyed the process, and many said they 
had learned a lot about geoengineering.
 For NERC, the dialogue has provided 
insights that complement the more usual 
scientific and policy information we use for 
decision-making. It will continue to help us 
think about how we approach geoengineering 
research, and how we communicate the aims 
and outcomes of that research in future. 
 The public brings an extra perspective on 
some of the issues surrounding geoengineering 
that can provide interesting and often 
unexpected insights. If you’re thinking about 
geoengineering research or governance, we 
would urge you to take a closer look at the 
results of ‘Experiment Earth?’. 

Peter Hurrell is Stakeholder Liaison Officer in 
the Knowledge Exchange Group at NERC. For 
more information about the public dialogues, 
including a video filmed at the Birmingham 
workshops, visit: www.nerc.ac.uk/about/
consult/geoengineering.asp

So just what is a public dialogue?

A public dialogue brings together members of 
the public with scientists and policy makers to 
discuss the ethical and social implications of 
newly emerging areas of scientific research. The 
dialogue process gives those involved a chance 
to explore not just what people think about a 
topic, but why they hold those views. Dialogues 
generally work well for complex subjects that 
may be potentially controversial, and about 
which public participants may not know very 
much before attending the dialogue workshops. 
So geoengineering was an ideal subject.
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A $25 
MILLION 
QUESTION
The Virgin Earth Challenge offered a huge cash prize for finding a cure  
to climate change. Alan Knight reports on progress to date, and 
Richard Branson insists that cutting carbon at source remains the priority.

Question: how can $25 million 
be too much money and also 
not enough at the same time?

Answer: when it is a prize for 
a way to remove greenhouse 
gases from the air.

This paradox has been instrumental in 
shaping the Virgin Earth Challenge, right 
from its conception, to our present interest in 
looking at how we can add value to the wider 
debate around carbon negative proposals. 
 The prize was launched on a cold February 
morning in 2007 by Sir Richard Branson, 
Al Gore, James Lovelock, Tim Flannery, Dr. 
James Hansen and Sir Crispin Tickell. Its 
official purpose was simple and clear:
 “$25 million for whoever can 
demonstrate to the judges’ satisfaction a 
commercially viable design which results in 
the removal of anthropogenic, atmospheric 
greenhouse gases.”
 We know that $25 million would be a 
huge contribution to any group’s work in 
this field. One scientist said to me that they 
suspected this sum exceeded the total 
spend on the relevant science to date.

 The amount is also too small. It is a 
crude but not unreasonable assumption 
that the amount of resources (be it trees or 
machines) required to take carbon out of the 
air will roughly parallel the resources that – 
intentionally or not – put the excess carbon 
into the air in the first place. Therefore, if 
the world was to sequester greenhouse 
gases on a scale that makes a material 
contribution to hitting our emissions targets, 
overall investments of several billions would 
probably be required.
 A key requirement for any prize-winner 
was a commercially viable way of taking 
carbon out of the air, and keeping it out. We 
asked: “Could you really build it, and could 
you make money, or at least break even, 
from building it?” But there are clearly other 
considerations too: the wider economic, 
environmental and social impacts must be 
clearly understood if a technology is to be 
properly governed.
 As the Royal Society has shown, some 
carbon sequestration technologies appear 
to come out safer than others, and naturally 
we will be using that type of thinking to 
influence the ideas we support. We do, 
however, feel that all new technologies 
in this field, and most other fields for that 
matter, must address their wider impacts 

if they are to one day work effectively at 
scale. This cannot be achieved without 
sufficient collaboration, understanding 
and communication between people with 
different points of view and different stakes. 
And when it comes to carbon-negative 
technologies, we feel businesses have a 
valid point of view and so need to take part 
in that dialogue.
 So how is the original prize doing? Well, 
it’s time for an official announcement: 

Drumroll…

“…and the winner of the Virgin Earth Prize 
is, at the moment…

…Nobody.”

Disappointing yes, but honest. And honesty 
is one small contribution the Earth Challenge 
can make to this debate. There are a 
handful of top entries, but neither we, nor 
our team of external expert reviewers, had 
enough confidence that a clear one-off 
prize-winning package has emerged. 
 To have a chance at meeting our criteria, 
a proposal would need to be based on 
proven science and engineering, have 
real commercial and scale-up potential 

and be clear as to its environmental 
impacts. It would have to demonstrate that 
stakeholders had been engaged and their 
views taken into account. And it would need 
appropriate governance mechanisms to be 
in place to secure a full ‘license to operate’. 
So what happens now?
 When we consider the potential of any 
‘carbon-negative’ proposals, it seems clear 
to us that scientists should concentrate on 
looking into the science, and governance 
experts on governance. In which case, 
engineers, investors and corporations could 
perhaps best focus on investigating the 
potential for such proposals to both achieve 
scale and be commercially viable.
 This is where the Earth Challenge would 
like to further its efforts.
 As a concept, it clearly has popular 
resonance. Over 10,000 people signed 
up and downloaded the application 
criteria. That turned into over 2,600 formal 
written submissions from over 50 different 
countries. The technical review team was 
both inspired and heartened that so many 
people from so many continents and 
cultures were all putting such large amounts 
of time and creativity into trying to help 
tackle this challenge.
 At some point this year, we 

hope to announce the top negative 
emission technologies that we and our 
experts feel have a serious amount of 
commercial potential, and how we can 
shape the original offer of a $25 million 
prize to leverage some real added value 
to this debate.
 We could simply have divided up the 
prize into smaller grants to move the best 
work forward. But the Earth Challenge was 
never intended to operate as a research 
funder: the focus has always been on 
rewarding commercial viability that results 
from good science. Above all, we want to 
collaborate with other organisations to see 
if carbon-negative proposals would really 
work; and explore whether they can be 
built, regulated and operated commercially. 
The Earth Challenge wants to consider the 
wider issues around these technologies 
when determining commercial potential, 
but we recognise that not everybody will 
do so. It will be up to legislators, policy 
makers and regulators to ensure that good 
governance stops bad ideas from being 
allowed to operate, and certainly from being 
able to make money. And when we say 
‘bad ideas’, we mean those whose negative 
social, environmental or economic impacts 
outweigh the benefits.

 A whole host of other issues, in addition 
to engineering and economics, needs 
consideration. They include: assessing 
the environmental impacts of an activity; 
ensuring stakeholders, including the wider 
public, are engaged; weighing up private 
ownership versus a public good; considering 
carbon balances and lifecycle boundaries; 
and tackling the need for clear verification 
mechanisms and regulatory system. These 
debates matter, but their weighting will 
vary between different carbon-negative 
technologies.
 In this context, we support the 
conclusions of the 2010 report by the 
UK’s House of Commons Science and 
Technology Committee, which declared that 
different carbon-negative proposals should 
be governed differently. So, for example, 
a technology which allows carbon capture 
from biomass used to produce energy (such 
as biochar) should operate under a different 
set of governance systems to one that 
would use minerals to react with CO

2 on 
land or in the sea.
 We recognise that many people fear 
that pursuing the large-scale scrubbing of 
greenhouse gases from the atmosphere 
will inevitably dampen down the pressure 
for strong government and corporate 
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commitments to cutting emissions at 
source. In response, we would argue that 
all of the ideas in the Earth Challenge will 
only ever work as an additional component, 
alongside the continued and unrelenting 
decarbonisation of our human activities. 
 Ultimately, though, we come back to the 
role of business. It is Richard Branson’s firm 
belief that the removal of greenhouse gases 
from the atmosphere is a business worth 
looking into. He and the Earth Challenge 
team empathise with the concerns that will 
inevitably be raised about the intrusion of 
commercial interests into carbon-negative 
ideas. The Challenge was intended to help 
stimulate innovation in the carbon-negative 
arena, but we are not going to pretend 
to act disinterestedly. Virgin is, after all, a 
branded venture capital firm. We think there 
are some great people and ideas that could 
be invested in, and we want to look into this 
potential in more detail.
 Maintaining an emphasis on 
commercial potential reflects the strengths 
of Branson and the Virgin Group, but also 
underlines the need for other organisations 
to be involved. 
 Nobody wants the next steps to be a bad 
attempt at an X-Factor-meets-Dragon’s-Den 
in the world of carbon sequestration. This 
field is too serious and there are too many 
unknowns for us to turn this into theatre, but 

anything we do should clearly inform people 
and allow lots of other voices to be involved 
in a wider discourse.
 As we keep emphasising, we are 
considering the wider issues that may 
determine whether or not a carbon negative 
technology can ultimately help to sustainably 
achieve future CO2 targets. The only way 
to deal with these wider issues, which will 
in our opinion also determine commercial 
viability, is to talk. For everything we do, 
from personal relationships to looking at 
innovative technologies, talking is important. 
We are one voice from the commercial 
sector, and there are many other voices 
out there, commercial and beyond, that 
are currently silent. These are complicated 
issues, and they need tackling through a 
continuous dialogue. 
 We hope that, as a potential 
stakeholder, you want to be part of that 
wider conversation. 
 As one reply to the NERC-funded public 
dialogue [see ‘When in doubt, talk about it’, 
pp18-19] put it: we should not be rushed 
into premature commercialisation, but 
nor should we be rushed into premature 
abandonment.

Alan Knight is Director of the Earth 
Challenge and Independent Advisor to the 
Virgin Group. 

I believe that some 
carbon-negative activities 
could one day have a 
part to play in meeting 
emissions reduction 
targets for a more stable 
global climate system and 
healthier oceans. 

  In 2009, I said in an 
interview that: “If we 
could come up with a 
geoengineering answer 
to this problem, then 
Copenhagen wouldn’t 
be necessary. We could 
carry on driving our cars 
and flying our planes.” 

However, I have come to realise that ways to cut carbon emissions 
in the first place are much more urgently needed. 

 That’s why we are continuing to invest in renewable energy 
and resource efficiency through the Virgin Green Fund, 
and why we support the Carbon War Room in harnessing 
entrepreneurship to achieve market-driven solutions to 
climate change.
 We also want to help the investigation into whether and 
how carbon sequestration proposals can become a useful 
and complementary tool in the battle against climate change. 
The Earth Challenge is looking at this from a commercial 
angle. But it’s important to consider the wider social and 
environmental issues. So, we aren’t going to be rushed into 
this – and we cannot do it alone.
 As with any new technology or policy, positive 
developments can only happen with truthful and balanced 
debates to form collaboration and consensus. We very much 
hope that anyone with an interest in this issue will want to be 
part of that conversation.

Richard Branson is Founder of the Virgin Group.

RICHARD BRANSON 
eoengineering is controversial, as the articles in this issue show. At one extreme there are 
those who feel that, since we have changed the climate by accident, there is good reason to 
try to fix the problem by deliberate action. 

 At the other extreme there are those who argue that we shall never know enough to intervene safely, 
and that to try would be hubris and folly. 
 And in between there is every shade of opinion one can imagine. 
 What is clear is that the solar radiation management methods are the most troublesome, 
for both technical and governance reasons. Carbon dioxide removal, if it can be done safely 
and at reasonable cost, generally excites less concern, although some methods, such as ocean 
fertilisation, are still problematic. 
 And we must remember that geoengineering is being seriously considered now only because it may 
help to reduce the impacts of our past actions: to forgo it may commit the most vulnerable people to 
worse outcomes, ones that could have been avoided…
 Humans have been modifying the planetary environment and its ecosystems for thousands of years, 
since the invention of agriculture, at least, and arguably since we learned to make fishing nets, stone tools 
and fire. We did all that, and started to burn fossil fuels, before we understood all the consequences. 
 Now we have to deal with the world as it is, and as we have in part made it. We can do that using the 
knowledge and skills that we have acquired; we shall inevitably still make some more mistakes, but we 
can at least learn from those of the past. 
 Whether we like it or not, we are now the stewards of the world in which we live. The time when we 
could simply keep our hands off Mother Earth was long ago, and we would hardly go back to that world 
now, even if we could. We should be able to manage Tender Loving Care for Mother Earth, if we try. But 
as this debate shows, it won’t be easy.

John Shepherd is Professorial Research Fellow in Earth System Science at the University of 
Southampton. 

“We have to deal with the world as it is,  
and as we have made it”
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