RESPONSE TWO
[bookmark: _GoBack]Greenhouse Gas Emissions Reduction Opportunities for Concrete Pavements
Greenhouse gases are those that absorb and emit radiant gases within the thermal infrared range and can emanate from the building and daily control of pavements. GHGs releases during the process of construction and maintenance of the roadway system. According to the survey conducted by the United State Geological Survey (USGS), it shows that 460 million metric tons of crushed aggregate go into the construction, repairs and maintenance of the U.S pavement network (USGS, 2011). The usage of this road system and materials used to service them has caused a notable increase in GHGs.
GHGs generates throughout the lifecycle of concrete pavements (Santero, 2013). The lifecycle starts with the availing of the raw materials and then manufacturing of the raw materials. Then it advances to construction, operation and maintenance of the pavement and lastly, the waste management and recycling of the used products in the pavement. The central component in most construction is concrete which is the 2nd most used commodity on earth (Hertwich, 2019) and its critical input element is the cement which is responsible for around 6% of all CO2 emitted by mans’ activities according to (Rodrigues and Joekes, 2011)
The GHGs from the concrete pavement can be reduced only by a clear understanding of their impact and contribution to global warming. Acceptance of less carbon to a zero-carbon mode of operation should put into play to achieve a reduction in GHGs. The general construction sector experienced an emission downscale in 2009 of 17% compared to the 1990 report, which is 39% below the 2025 ambitions (Hertwich, 2019). Therefore, concrete pavement can be of much in line with this goal as it offers many opportunities for GHGs reduction. We can look at four approaches applied to concrete pavements.
Embodied emissions are those released at initial stages of construction; this is during manufacturing, processing and construction of paving materials. These emissions releases during the inception of the pavement and its maintenance. They can be reduced through the use of fewer natural resources and exchanging them with lower emission-intensive materials. Moreover, the reduction can be improved through the use of fly ash to replace cement. If you increase fly ash usage from 10% to 30% shows a strategy in emission reduction, the 30% replacement of cement by fly ash is based on the survey by DOT practices (ACPA, 2011).
Albedo is the measure of how much solar that reaches the pavement surface is reflected back and not absorbed. Increment of albedo decreases the climate from urban heat and direct radiative forcing. Use of white aggregate in pavement increases the albedo, which increases reflectivity hence reduction in light demand.
Carbonation is the chemical process in which carbon is sequestered in the concrete. Carbonation in any pavement surface is very minimal and can only penetrate a few centimeters; thus, only a fraction of CO2 releases during calcinations. Carbonation increases when more concrete is crushed, and this happens with long duration of usage of the pavement. Reduction of this occurs through recycling of the concrete aggregates at the end of their lifecycles which carbon sequestration through EOL waste concrete management system. (Doodo et. al, 2009)
Vehicle fuel consumption might be affected by choice of pavement design, materials and maintenance. The fuel used by a vehicle is determined by its interaction with the pavement surface and traffic on it. Many vehicles, travelling on a surface that offers little fuel economy improvement decrease GHGs emissions significantly. Also, the addition of rehabilitation to a surface after ten years decreases fuel consumption by providing limited bumpy rides.
 These measures are some that can help reduce GHGs emissions in concrete pavements. An in-depth analysis shows that these measures reduce both cost and effectiveness while increasing efficiency in pavements construction and maintenance.
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