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Summary of Key Messages 
 The scale of the challenge for achieving 1.5C means that 80% of global integrated assessment 

models use Negative Emissions Technologies (NETs) in their simulations. 

 There are range of different NETs, including bio-energy with carbon capture and storage 
(BECCS), direct air capture (DAC), and solar radiation management (SRM). However none will be 
economically viable at scale in the near future, and raise serious ethical and governance 
questions. 

 There was consensus that strong mitigation actions to reduce emissions in the near term were 
essential in all scenarios, even those which include NETs in future. However some contributors 
felt that debate on NETs diverted attention away from the urgency of these actions. 

 
 

Introduction 
The University of Oxford held a conference in September 2016 in response to the ambitious 
target set by the Paris Agreement in December 2015 to ‘pursue efforts to limit [global] 
temperature increase to 1.5°C’. The ambition of this mitigation objective came as a surprise to 
some in the scientific community, and this conference provided the opportunity for scientists to 
set out practical pathways toward achieving this goal. Technology is at the core of efforts to 
decarbonise the global economy, and will become more critical if we ‘overshoot’ 1.5°C as many 
predict, requiring deployment of Negative Emissions Technologies (NETs). 
 

Blowing the budget 

http://www.cop21paris.org/
http://andrewdking.weebly.com/blog-posts/can-we-limit-global-warming-to-15-c
http://andrewdking.weebly.com/blog-posts/can-we-limit-global-warming-to-15-c
https://www.carbonbrief.org/explainer-10-ways-negative-emissions-could-slow-climate-change
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There was debate in the conference over the size of the 
‘carbon budget’ remaining, and the timeframe in which we 
may reach 1.5°C of warming. Although estimates vary, 
Pierre Friedlingstein from the University of Exeter 
explained that the most conservative models estimate that 
another 20-30 years of emissions at current levels will 
warm the climate from its current state of +1°C since the 
pre-industrial era, to 1.5°C. Damon Matthew’s presentation 
included more pessimistic estimates, giving his talk in front 
of a projection of his countdown clock which indicates a 
timeframe of just under 16 years remaining.  
 
The scale of the challenge was driven home in the first parallel session on mitigation options 
chaired by Prof. Nick Eyre. Prof Alice Bows-Larkin of the Tyndall Centre told the audience how 
the emissions associated with aviation and shipping currently make up 4-5% of the global share, 
and are sectors which have consistently seen growth that outstrips GDP in recent years. With 
even modest growth, she pointed out that these industries would emit 50% of the remaining 
carbon budget for 1.5°C. Monica Zurek from Oxford’s Environmental Change Institute added to 
this gloomy picture by explaining that emissions from the global food system are also on the 
rise, already making up between 25-35% of greenhouse gases (GHGs). With a third of adults 
globally either overweight or obese, over-consumption represents the greatest challenge for 
mitigation efforts. Both these presentations emphasised the limited potential of technology 
options for the scale of mitigation required for 1.5°C. Aircraft and sea vessel fuel efficiency and 
improved agricultural production methods must be supplemented by radical reductions in 
demand, and associated changes in mobility and dietary trends. 
 

A focus on negative emissions 
With the context set by climate scientists and sector specialists, mitigation discussion was 
characterised by radical ideas. Negative Emissions Technologies (NETs) were the subject of 
much attention throughout the conference, with Prof. Pete Smith’s illustrating their importance 
by observing that 80% of the global Integrated Assessment Models apply these extensively to 
achieve 1.5°C, despite technical, economic, social and political uncertainties. The debate which 
followed was focused on questions of desirability, governance, feasibility and equity.  
 
Speaking at the public debate in the Oxford Town Hall which opened the conference, Prof. 
Nakicenovic from the International Institute for Applied Systems Analysis (IIASA) suggested that 
for NETs, the ‘cure may be as dangerous as the disease itself’. He raised questions of 
governance and responsibility, highlighting the potential geopolitical ramifications of a country 
such as North Korea taking unilateral action. Instead, ‘Naki’ described the potential of zero 

http://emps.exeter.ac.uk/mathematics/staff/pf229
https://www.concordia.ca/faculty/damon-matthews.html
https://countdown2degrees.com/
http://www.eci.ox.ac.uk/people/neyre.html
http://www.tyndall.ac.uk/people/Alice-Bows
http://www.eci.ox.ac.uk/people/mzurek.html
https://www.carbonbrief.org/explainer-10-ways-negative-emissions-could-slow-climate-change
https://www.abdn.ac.uk/sbs/people/profiles/pete.smith
http://www.iiasa.ac.at/
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carbon technologies such as NET Power’s Allam Cycle demonstration power plant, and the 
prospect of creating an Asian ‘Super Grid’ by harnessing the solar potential of the Gobi desert. 
 

Feasibility and Acceptability 
However for many speakers, there was concern that carbon neutral technologies would not go 
far enough to deliver safe levels of climate change. The conference heard from Henrik Karlsson 
of Biorecro on Carbon Capture and Storage (CCS), who emphasised that the technology is 
proven at industrial scale. In a provocative but humorous presentation, he showed us 
photographic evidence of the facility at Decatur, Illinois (US), which has already sequestered 1 
million TCO2 reiterating ‘it does exist’. This said, Karlsson highlighted that scaling and financing 
remained significant challenges. Because deployment required real, physical infrastructure - 
“this is not like UBER” - he argued that there is no time for scepticism, but called for evaluation 
and improvement ‘on the go’. 
 
Prof. Stuart Haszeldine added to the case made for CCS, seeking to reassure those concerned 
for the efficacy and safety of long term CO2 storage by pointing to Norway’s Sleipner CO2 
storage project, and by providing evidence that leakages do not have significant negative 
consequences. Like Karlsson, he concluded that the biggest challenge is now to encourage 
private investment, but business needed strong, consistent policy, and he put forward a strong 
case for a mandate on fossil fuel extractors to contribute. Warning of the scale of the task, 
Haszeline pointed out that whereas discussion on realising CCS at scale is often focused on 
electricity, the challenges of decarbonising heat and transport are perhaps even greater. 
 
Stepping in at the conference for Klaus Lackner, Zara L’Heureux described recent work from the 
Center for Negative Carbon Emissions in Arizona to demonstrate the feasibility of Direct Air 
Capture (DAC) for carbon sequestration. Their design uses an anionic exchange resin to absorb 
atmospheric CO2, with aims to roll-out one-ton-per-day storage facilities, each about the size of 
a shipping container. Doubts remain over the cost reduction potential of DAC, with Stuart 
Heszeldine later saying he was ‘totally unconvinced’ about long term pricing. 
 
David Keith from Harvard was the only presenter to address the controversial topic of solar 
radiation management (SRM). He hypothesised that if solar geoengineering were deployed to 
offset half of the growth in anthropogenic radiative forcing to benefit the country with the least 
advantage, it could substantially reduce the aggregated risks of climate change. At this scale of 
deployment, he suggested, the predicted impacts on global precipitation patterns could be 
mitigated. In any case, Keith argued, SRM must only supplement extreme emissions reductions. 
This point was emphasised by Myles Allen, Professor of Geosystem Science at Oxford and co-
organiser of the conference, given the guarantee of continuing natural variability with large 
proportions of GHGs in the atmosphere. Keith concluded that while he could not state that SRM 

https://netpower.com/technology/
https://gobitec.org/
http://biorecro.com/?page=main
https://www.uber.com/
http://www.geos.ed.ac.uk/homes/rsh
http://www.globalccsinstitute.com/projects/sleipner%C2%A0co2-storage-project
http://www.globalccsinstitute.com/projects/sleipner%C2%A0co2-storage-project
http://www.columbia.edu/~zel2106/
https://engineering.asu.edu/cnce/
https://www.carbonbrief.org/explainer-10-ways-negative-emissions-could-slow-climate-change#aircapture
https://www.carbonbrief.org/explainer-10-ways-negative-emissions-could-slow-climate-change#aircapture
http://keith.seas.harvard.edu/
http://www.eci.ox.ac.uk/people/mallen.html
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was required for 1.5°C, there was an onus on the research community to seek the ability to 
implement it in the near term. 
 
Calls for further research into NETs were made by a number of speakers in the conference, with 
Janos Pasztor most bluntly expressing his views on bioenergy with carbon capture and storage 
(BECCS): 
 

“Sometimes I wonder if BECCS is just a fudge factor to make our models reach 1.5°C or 
2°C, or whether it’s a real prospect” 

 
Pasztor argued that while the positive atmosphere at COP21 encouraged policy officials and 
negotiators to focus on an ideal future, there is a need to prepare for a range of scenarios, for 
which we’ll need a variety of options including NETs. 
 
As well as technical questions of the feasibility of NETs, many contributors highlighted the 
importance of governance, equity and social acceptability. On BECCS, both Prof Henry Shue and 
Peter Frumhoff highlighted the uneven regional impacts of a future world with large swathes of 
agricultural land dedicated to providing inputs for energy production. Maarten van Aalst from 
the Red Cross/ Red Crescent pointed to research on the potential impact of SRM on seasonal 
Monsoons, with potentially disproportionate effects on developing countries. Social scientists 
and philosophers have an important role to play in addressing questions of climate justice and 
energy equity. 
 

Difference of Opinion 
The challenge to the research community was perhaps best expressed by Nick Eyre who said 
that the next step for research on NETs is to ‘demonstrate and deliberate’. However, the 
dominance of future technology on the conference agenda was not supported by all attendees. 
Prof Kevin Anderson gathered support on social media for his concern that the attention given 
to NETs was distracting from mitigation efforts. 
 

 
(embed tweet link) 

http://www.un.org/press/en/2015/sga1538.doc.htm
https://www.carbonbrief.org/explainer-10-ways-negative-emissions-could-slow-climate-change#beccs
https://www.carbonbrief.org/explainer-10-ways-negative-emissions-could-slow-climate-change#beccs
http://www.cop21paris.org/
https://www.merton.ox.ac.uk/people/professor-henry-shue
http://www.ucsusa.org/about/staff/staff/peter-frumhoff.html#.V-U_x_ArIps
http://www.climatecentre.org/about-us/our-people
http://www.srmgi.org/files/2016/02/SRMGI.pdf
http://www.srmgi.org/files/2016/02/SRMGI.pdf
http://www.manchester.ac.uk/research/Kevin.anderson/
mailto:%3cblockquote%20class=%22twitter-tweet%22%20data-lang=%22en%22%3e%3cp%20lang=%22en%22%20dir=%22ltr%22%3eWeve%20had%20Offsetting;%20CDM;%20CO2%20trading,%20now%20BECCS/NETS/SRM,%20anything%20but%20actual%20mitigation%20%3ca%20href=%22https://twitter.com/samhampton%22%3e@samhampton%3c/a%3e%20%3ca%20href=%22https://twitter.com/StuartBCapstick%22%3e@StuartBCapstick%3c/a%3e%20%3ca%20href=%22https://twitter.com/piersforster%22%3e@piersforster%3c/a%3e%20%3ca%20href=%22https://twitter.com/1p5deg%22%3e@1p5deg%3c/a%3e%3c/p%3e&mdash;%20Kevin%20Anderson%20(@KevinClimate)%20%3ca%20href=%22https://twitter.com/KevinClimate/status/778915619269992448%22%3eSeptember%2022,%202016%3c/a%3e%3c/blockquote%3e
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Some contributors also felt that the demand side was comparatively neglected in the 
presentations. Nick Eyre highlighted that in the IPCC’s fifth assessment report, mitigation 
efforts on the demand side made up 50% of decarbonisation pathways, with a focus on energy 
efficiency and the electrification of transport and space heating using existing and emerging 
technologies. 
 
Charlie Wilson from the Tyndall Centre at the University of East Anglia reminded us that 
‘technological and social change are entwined and interconnected’, and that the physical and 
economic attributes are most often discussed when evaluating the potential of a technology. 
He proposed that models of future pathways might diversify their embedded assumptions 
about the potential for social, political and institutional transformation, with greater integration 
of technological, economic and social research. 
 
The conference concluded in this vein, with Prof Achim Steiner, having recently joined Oxford 
from the United Nations Environment Programme, challenging those who felt that 1.5°C was 
inevitable to rethink their assumptions. He reminded attendees that the problem of climate 
change will not be solved by technical solutions alone, but will involve unprecedented social 
change. The onus on the research community, in the forthcoming IPCC Special Report and 
beyond, is to map out these transformations in the decades to come:  

"Extraordinary things are possible...1.5°C is doable...we need all hands on deck". 
 

https://www.ipcc.ch/report/ar5/
http://www.tyndall.ac.uk/people/charlie-wilson
http://www.oxfordmartin.ox.ac.uk/news/20160224-new-director
http://www.unep.org/About/executivedirector/steiner/Biography.aspx
http://www.unep.org/About/executivedirector/steiner/Biography.aspx

