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Introduction

Based at Princeton University, the Carbon Mitigation Initiative (CMI) is a university-industry 
partnership sponsored by BP that began in 2000. In 2014, BP renewed CMI’s contract for an 
additional 5 years, carrying the program forward through 2020. 

Administered by the Princeton Environmental Institute, CMI currently includes 14 lead faculty 
and more than 60 Princeton research staff and students. The program addresses the natural and 
industrial processes that determine the rate of accumulation of carbon dioxide and other greenhouse 
gases in the atmosphere and identifies both risks and opportunities posed by the carbon problem. 
Research teams are organized into three groups: science, technology, and integration.

CMI Science focuses on how terrestrial vegetation and the oceans soak up carbon and thereby 
determine the fraction of the carbon dioxide (CO2) emitted into the atmosphere that actually 
stays there. CMI science features close collaboration with Princeton’s neighbor, the Geophysical 
Fluid Dynamics Laboratory (GFDL) of the US Department of Commerce. Together CMI and 
GFDL are improving the understanding of how climate variability and departures from the 
historical frequency of extreme events, such as heat waves, droughts, and hurricanes, impact 
business and society. Another initiative is providing simplified models for understanding the 
movement of ice through narrow straits, which can affect flow and mixing in the ocean. 

CMI Technology explores the integration of intermittent renewable energy (wind and solar) 
into electricity grids, as affected by carbon policy and renewable energy policy—including the 
evolving roles for energy conversion in conjunction with CO2 capture and storage. Capture 
studies include both biological and fossil fuel inputs. Storage studies emphasize leakage 
pathways and also investigate storage in shales. Work also continues that is directed toward 
maximizing energy storage in batteries. 

CMI Integration introduces new conceptual frameworks that are useful for climate change 
policy, including efforts to make emerging statistical analyses of extreme events more accessible; 
improve the risk-assessment framework for the current scientific understanding of sea level 
rise; and expand discussions of climate change mitigation and adaptation from global-scale 
intervention to small-scale urban planning and engineering. In addition, there is new work on 
the limited potential for CO2 reuse after capture and chemical activation. 

Over the course of 2016, CMI continued its extensive engagement with BP executives and staff. 
Princeton hosted multiple BP visitors, and several CMI principal investigators conducted 
town halls and met with senior BP officials in London, Houston, Chicago, and Washington 
DC to provide information about CMI research in climate science and technology and to 
engage in public policy discussions.

During a ceremony held on the Princeton campus in February 2016, Director of Climate 
Change and Sustainability Technology Gardiner Hill presented the 2016 CMI Best Paper 
Award for Posdoctoral Fellows to former fellow Caroline Farrior. Farrior, who worked in 
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the Pacala lab, was awarded for her paper published in the January 2016 issue of Science entitled, 
“Dominance of the Suppressed: Power-law size structure in tropical forests.” Papers are judged for 
their quality and impact on the carbon mitigation community.

The 15th annual meeting of the Carbon Mitigation Initiative (CMI) was held on April 13-14, 2016 
in London. This is the first time in the 16-year history of CMI that the annual meeting was 
held somewhere other than the Princeton University campus. Locating the meeting in London 
facilitated deeper interaction between CMI investigators and European colleagues. Over 60 
people attended to hear presentations and take part in discussions about terrestrial and ocean 
carbon sinks, carbon targets and budgets, carbon dioxide and methane leakage, and post-COP21 
perspectives. 

The London meeting also featured “side events” throughout the week focused on climate policy, 
subsurface storage of CO2, methane leakage, climate variability, and battery technology. Attendees 
included Princeton faculty and students and colleagues from BP, GFDL, five national and 
international universities, and several environmental non-profit organizations and policy think-
tanks.

CMI is pleased to announce two new leaders: Gabriel Vecchi, a new member of the senior faculty 
in geosciences, and Ian Bourg, an assistant professor of civil environmental engineering. Both also 
hold appointments at the Princeton Environmental Institute. Vecchi is an expert in hurricanes, 
and Bourg in clays in soils and geological formations.

As of 2016, CMI has a new Executive Sponsor, Cindy Yeilding, Senior Vice President, BP America. 
 

CMI held its 2016 annual meeting at BP headquarters in London. Photo courtesy of BP.
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CMI Science
 

Research Highlights – At a Glance

Stephen Pacala: Plants lose water and take up carbon through stomates, and the ability to simulate 
their behavior under various conditions is an essential part of global climate models. The Pacala 
group has developed and tested a new hypothesis of stomate regulation that improves upon current 
models in predicting stomate behavior during drought.

Jorge Sarmiento: Modeling studies suggest that the ocean around Antarctica acts as a key sink 
for atmospheric CO2 and heat, thus mitigating global temperature increases caused by rising levels 
of CO2. However, ship-based observations needed to understand the processes behind this uptake 
are scarce in the harsh and remote Southern Ocean, particularly in winter. To combat the data 
shortage, Jorge Sarmiento is directing the first large-scale deployment of robotic floats equipped with 
biogeochemical measurement instruments in this region. The project is enabling unprecedented 
observations of pH, biological productivity, carbon cycling, and phytoplankton dynamics in the 
Southern Ocean and improving our ability to predict its future.

François Morel: The ongoing increase in atmospheric CO2 acidifies the surface ocean. The Morel 
group has documented highly significant effects of ocean acidification on the bioavailability of 
essential trace metals such as iron and zinc, which are known to limit the growth of phytoplankton 
and, hence, the productivity of ecosystems in large areas of the oceans. A newly developed 
electrochemical analytical method is the first to show a quantitative correspondence between metal 

“lability” and rates of biological uptake in natural seawater.

Michael Bender: Ice core studies from the Allan Hills Blue Ice Area in Antarctica have yielded ice 
dating back to 2,000,000 years ago, the oldest ever retrieved. Analysis of ice dating to 1,000,000 years 
ago suggests that links between climate and CO2 are similar to those of more recent glacial cycles.

Howard Stone: Climate changes involve atmospheric motions, ocean flows, and evolution of ice on 
land and in the sea. These dynamics are necessarily interrelated; insights into individual processes 
can help to illuminate poorly understood aspects of global climate dynamics, such as factors 
affecting the maintenance of sea ice cover in the Arctic basin. Sea ice cover can impact fresh water 
fluxes, local ecology and ocean circulation. Over the past year, the Stone group has continued to 
study the physical mechanisms involved in the development of ice bridges in narrow straits and has 
succeeded in providing simple predictors for the conditions required for the bridge formation and 
maintenance. The approach accounts for processes on length scales below those normally resolved 
in climate models. 



CMI Carbon Mitigation Initiative 5

CMI Technology
 

Research Highlights – At a Glance

Michael Celia: In order to have a significant impact on the carbon problem, very large amounts of 
captured CO2 need to be injected underground, with quantities reaching gigatonnes of CO2 per year 
by mid-century. The Celia group has developed models for large-scale injection, including pressure 
responses and associated pressure management schemes, and applied these to realistic injection scenarios 
in the Illinois Basin of North America, with simulated basin-wide injection rates exceeding 200 Mt CO2/
yr. Results indicate that if carbon capture and storage is to be implemented at the scale required to impact 
the carbon problem, such basin-wide analyses will need to be performed and appropriate management of 
pressure developed and implemented.

Ian Bourg: The objective of this initiative is to resolve the physics of soil carbon storage. The carbon 
storage capacity of soils is known to increase significantly with clay content, and in particular with the 
content in swelling clay minerals (smectites), but the cause of this relationship remains unknown. Using 
atomistic-level simulation methodologies, the Bourg group was able to model fully flexible clay particles 
surrounded by water and interacting with dissolved organic compounds. These results will enable more 
accurate Earth System Model predictions of the soil carbon sink and inform practical strategies for 
enhancing this important carbon sink. 

Daniel Steingart: We are studying a fundamental question in battery research – whether apparently 
negative and inevitable physical phenomena in an electrochemical cell, such as corrosion and anisotropic 
growth, can be exploited for benefit. We use various imaging techniques to examine the deposition and 
removal of plate metals during cell operation and in conditions that emulate practical usage patterns.
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CMI Integration
 

Research Highlights – At a Glance

Michael Oppenheimer: Cities are engineered landscapes, and planning and development choices can 
significantly exacerbate or mitigate the impacts of climate and environmental change. The height of 
buildings and their spatial configuration influence the urban form and surface texture, which further 
affect the surface aerodynamic processes, energy use efficiency and emissions. A “smart” engineered 
urban landscape can reduce heat stress, and improve energy efficiency and air quality. 

Robert Williams, Eric Larson, and Thomas Kreutz: Collaborating with analysts at NRG Energy, the 
largest competitive power producer in the US, the Energy Systems Analysis Group (ESAG) launched a 
new initiative in 2016 to model the prospective evolution of high penetrations of intermittent renewable 
electricity supplies (iRES – mainly wind and solar photovoltaic) on US grids. Major challenges must 
be addressed to reach high iRES penetrations cost-effectively. The research seeks to understand and 
articulate the cost and carbon implications to mid-century of deployment of various grid technologies 
interacting with alternative electricity and carbon market redesigns.

Robert Socolow: The widely discussed carbon mitigation strategy, CO2 capture and use, is often touted 
as a way to improve the use of fossil fuel carbon. The idea is to make vehicle fuel by chemically reducing 
the CO2 in the exhaust stream of a fossil fuel power plant, thereby using the carbon extracted with a 
fossil fuel twice—once for power and once for transport. This reasoning is flawed, because the same 
carbon benefit can almost always be achieved more straightforwardly and at lower cost by an alternate 
use of the large amount of low-carbon energy required to make fuel from CO2. Only a high oil price 
and a high price for electric vehicles can create a domain of competitiveness for CO2 capture and use.

To view full report please visit: cmi.princeton.edu/annual_reports/2016/

For more information about CMI visit: cmi.princeton.edu
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