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2021 Initial Idea Development
2021-2022 NRRA Research and MnROAD Construction Development
(Updated Form – March 23, 2021)


Initial Proposal is for NRRA Executive Team to Approve for further development (keep to two pages)









	Research Title: 
	Use of Carbon Dioxide for Sustainable and Resilient Concrete Pavements

	NRRA Team(s):
	Rigid

	Type of Effort:
	Research

	Developed By:
	Bernard Izevbekhai (MnDOT) Eric Dunford / Sean Monkman (Carbon Cure); ILDOT

	Email:
	Bernard.izevbekhai@state.mn.us

	Phone:   
	6513665454



	Research Funding Estimate:
	$150000 (Amount could be higher, depends on funds provided by FHWA). 

	Research Years Expected:
	4 years

	Beneficial Partnerships:
	CarbonCure Technologies: (Fully On-Board) Inventors and manufacturers are supportive of deployment in pavements, will provide the concrete.
FHWA: (Fully On-Board) In discussion stage of research funding commitment. Cemstone: Supplier for the carbon dioxide mineralized and control concrete. Cemstone will deliver the concrete from their Dayton Plant near MnROAD.
MnDOT: Provides the construction money for test cell(s).
ILDOT: Discussed innovation and deployment with FHWA. Co-Initiators  
                with MnDOT on getting federal participation.
Department of Energy: We hope to get this federal agency involved.



	Number of Test Sections:
	Minimum two new 500-foot sections, or elements could be inserted into other new concrete pavement sections. Could explore satellite test sites in NRRA states.

	Instrumentation Effort:
	Moderate (Maturity, Strain, and Joint Movement, Temperature).

	MnROAD Monitoring:
	IRI, FWD, Surface Degradation, Friction, Load Testing, MIRA complementing existing data.



Research Objectives:
	Concrete is the most widely used man-made material in existence. It is second only to water as the most-consumed resource on the planet. In 2016, world cement production generated around 2.2 billion tons of CO2. More than half of that emissions associated with cement manufacturing arise from the calcination process. Together with thermal combustion, 90% of the sector's emissions could be attributed to the production of clinker. It is therefore necessary to explore alternative options for cement and concrete production used in public infrastructure to achieve decarbonization goals. One sustainable process is to sequester CO2 (2) (3) through concrete production to reduce cement content in the concrete without compromising resiliency and durability. Concrete with low cement content will exhibit reduced shrinkage and one that eliminates oxychlorides will definitely be resilient.
            This research will examine through testing, measurements and observation, the performance of concrete made with the CarbonCure CO2 mineralization technology. It will generally entail an evaluation of the sustainability of mineralized concrete when the concrete is used for pavement purposes by collecting information on paved road applications.
Pursuant to these objectives this research will include the following:
•Constructing test sections of paved concrete at the MnDOT testing facility. 
•Testing additional sustainable CO2 utilization technologies under development and deployment. A CO2-beneficiated reclaimed concrete water technology developed by CarbonCure and CO2 mineralized recycled concrete aggregate would offer additional sustainable alternatives for potable mix water and virgin aggregate.
•Performance of paved sections will be assessed against standard concrete durability parameters and other parameters of interest to NRRA.



Pavement Test Cells Needed:
	At least 2 test sections will be built. One control cell will provide reference for evaluation of a mineralized concrete cell and possible another cell with mineralized concrete and reduction of ordinary Portland cement. A schematic is shown below. 
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NRRA Sustainability/Resiliency and or Intelligent Construction:
	Sustainability: This initiative approaches the carbon footprint reduction in 2 ways: Utilization of CO2 captured from post-industrial sources in fresh concrete mixing and reduction of cement usage  without compromising durability.
Resiliency: This is enhanced by the proof of concept of durability by the reduction or elimination of oxychloride formation. That would be a breakthrough if proven because oxychloride is responsible for early degradation of pavement joints.



Cross-cutting Opportunities:
	There are several cross-cutting opportunities for this topic. New test cells dedicated primarily to this topic could incorporate sustainable reinforcing elements from other NRRA initiatives, as well as unique base materials proposed by the Geotech Team. 



Implementation Plan:
	Already Hawaii DOT (4) and City of Chicago DOT have written rheological concrete specifications for the use of mineralized concrete. They have not done any long-term monitoring. This initiative fills that necessary gap by performing long term monitoring in a real-life real-time scenario. It will give users and ipso-facto all member states the imprimatur to deploy Carbon- cure in their agencies towards sustainable and resilient concrete pavements. If demonstrated to be effective for paved road applications, widespread adoption of CO2 mineralized concrete will create opportunity for significant emissions reductions within the NRRA Member States, Nationwide and Internationally. Specification language will be made available to State DOTs at the end of this study. Members will realize a similar benefit from the recently completed Optimized Concrete Mixture Study where the reduction of cementitious content was found to be sustainable to that degree of innovation. This initiative goes far beyond that, as it includes a clear use of CO2 for concrete production. Implementation would involve dissemination of the information in the form of a tech brief and final report posted on the NRRA Team webpage(s), as well as presentations at NRRA and other pavement related conferences.
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