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Climate change has long been a topic 
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US Academies call for research agenda on Negative 
Emissions Technologies and Reliable Sequestration
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International Cooperation Efforts  
to Mitigate Climate Change

United Nations Framework Convention on Climate Change (UNFCCC)
This was the first international environmental treaty addressing climate change. It was 

adopted on May 9, 1992, signed by 197 parties, including all United Nations member 

states, and entered into force on March 21, 1994. This treaty set up a framework of 

non-binding limits on greenhouse gas emissions for individual countries, with a goal  

of “preventing dangerous anthropogenic interference with Earth’s climate system.”

Kyoto Protocol
This treaty extends the commitment to reduce greenhouse gas emissions established 

by the UNFCCC and acknowledges the scientific consensus both that global warming 

is occurring and that it is extremely likely that human-made CO2 emissions have been 

a predominant cause. The protocol established binding targets for greenhouse gas 

emissions reductions for industrialized countries based on the treaty’s acknowledgment 

that economically developed nations are both more capable of combating climate 

change and historically responsible for the levels of greenhouse gases in the 

atmosphere at the time. It was adopted on December 11, 1997, and came into 

force on February 16, 2005. The United States signed but never ratified the Kyoto 

Protocol because it lacked political support due to the treaty’s differing requirements 

for emissions reduction for industrialized versus developing countries. The European 

Economic Community (a regional economic organization) and 191 countries eventually 

ratified the treaty, but Canada renounced it and withdrew in December 2012.

Paris Agreement
The Paris Agreement is the latest climate treaty, and its long-term goal is to keep the 

increase in global average temperature this century well below 2°C (above preindustrial 

levels) and to pursue an even more aggressive goal to limit the rise to 1.5°C. The 

agreement requires each nation to determine and report on its own plan to mitigate 

climate change and encourages setting increasingly stringent targets but includes no 

mechanism to force compliance. It was adopted on December 12, 2015, signed by 

195 UNFCCC members, and went into force on November 4, 2016. In June 2017, US 

President Trump announced his intention to withdraw the United States from the Paris 

Agreement. (Under the Agreement, the United States cannot officially withdraw until 

November 2020.)
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Negative Emissions Technologies 
and Reliable Sequestration: A Research 
Agenda
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Development of Negative Emissions Technologies (NETs)

Costal Blue Carbon
Methods that increase carbon storage in living plants or sediments in 

coastal ecosystems. Although this NET has a limited potential to remove 

carbon due to the relatively small coastal landmass, its cost is low or zero 

because it is rolled into existing coastal projects (i.e., coastal adaptation), 

and further research to understand the future impact on carbon uptake 

rates from sea-level rise and other climate impacts is necessary.

Terrestrial Carbon Removal and Sequestration
Methods include afforestation/reforestation, forest management, and 

agricultural soils (changing agricultural practices to enhance carbon 

storage in the soil)—all methods are means to enhance carbon storage 

in terrestrial ecosystems. These NETs are already cost-competitive 

with existing emissions mitigation strategies and are ready for large-

scale deployment, but carbon removal is limited by available land (food 

availability or biodiversity could be impacted if substantial amounts of  

land were repurposed). Research on these NETs should address land 

issues by developing plants or methods that are more efficient in 

sequestering carbon in terrestrial ecosystems.

Biomass Energy with Carbon Capture and Sequestration 
(BECCS)
Method where crops are specifically cultivated to take up CO2 as they grow 

and are then used to produce electricity, liquid fuels, and/or heat. Similar 

to terrestrial methods, this NET is cost-competitive with current emissions 

mitigation strategies, is limited by available land, and requires research 

to address the land constraint. In addition, to qualify as a NET, BECCS 

requires capture and storage of the CO2 generated with consumption of 

the feedstock, likely in the form of geological sequestration.

Direct Air Capture (DAC)
Method uses a filtering process to capture CO2 directly from ambient air 

and then concentrates it and stores it, likely in geological sequestration  

like BECCS. DAC has a very high potential capacity to remove carbon from 

the atmosphere, but it is limited by current high costs (there is no economic 

driving force for DAC), and research is necessary to develop low-cost 

methods. Development of technologies and markets that recycle CO2 may 

be another area where materials research is necessary and could provide a 

cost offset for DAC; however, reuse of the CO2 would ultimately mean it will 

eventually be released back into the atmosphere rather than sequestered.

Carbon Mineralization
Method uses reactive minerals to form chemical bonds with CO2 to 

effectively capture and sequester CO2. This NET has a very high potential 

capacity to remove carbon from the atmosphere, but is limited by lack of 

fundamental understanding of the process and requires research to find 

effective functional materials and economically feasible reaction routes.

Geological Sequestration
Method by which captured CO2 can be injected into geological formations 

for long-term underground storage. This is not a NET, but an option for 

the necessary sequestration component of BECCS, DAC, or other CO2-

capturing technologies.
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Additional Information

IPCC report on climate change
www.ipcc.ch/report/sr15

Academies’ report on NETs and reliable 
sequestration
www.nap.edu/catalog/25259/negative-

emissions-technologies-and-reliable-

sequestration-a-research-agenda
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For the longest time, policymakers 
viewed climate change and emis-
sions reduction technologies as a 
political issue that they and their 
constituents found themselves on one 
side of or another. However, in 2018, 
several key things have changed….
Even if some people in the US do 
not feel that climate change is a 
perilous threat, there is no denying 
that the rest of the world will work 
toward emission reductions, cre-
ating a massive market for NETs. 
Furthermore, many hydrocarbon 

with expertise in gas separation 
technologies, which are key com-
ponents of NETs. Therefore, we are 
at a point in history where they may 
realize it is in their best interest to 
develop and help deploy NETs, as 
it can potentially prolong the safe 
use of hydrocarbons and they may 
generate valuable intellectual prop-
erty and technology position as well. 
Given the desire on one side to sta-
bilize the climate, and the desire 
on the other side to develop [US] 
business, we may now be at a point 
where we can collectively move for-
ward to develop NETs with the goal 
of developing [a US] position of 
technological prominence, keeping 
jobs and infrastructure processing 
hydrocarbon resources, while also 

in recent history has a scenario such 
as this evolved where both political 
sides can come out as winners.
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Jennifer A. Nekuda Malik

Press center during the 21st session of the UN Conference on Climate Change, Paris, France, 
November 30, 2015. Photo credit: Shutterstock.


