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INTRODUCTION PaveM Scenario Development

10% - Electricity

GIS Mapping

. The transportation sector constitutes 41% of all GHG emissions in CA - Scenario #3357: Freefall (Do Nothing) A sample of GIS maps Is presented for the MWP scenario at year 2022 for total GHG, and at year 2047 for total GHG
(largest of all sectors); ~170 million metric tons of CO, equivalent (CO,e). 2% Industria - EREREY Scenario #3429: Unlimited $ (repair according to Decision Trees), Optimization objective=“IRI Only” and GHG due to M&C Stage. Also total GHG by districts at year 2047 is presented.
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vehicles operation are the main contributors to transportation- related GHG . : . L SR 2,
e ﬁ e Scenario #3410: Current & projected future funding levels (MWP), Optimization objective="Cracking A : { A
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e To be able to control and manage transportation-related GHG emissions \ Ereefall MWP=Master workplan (actual _ ‘ _
(attributed to construction and traffic), the first and most important step is to 5% Commercial Do Nothing g“gr?(;‘itnanl‘;vperl‘;l)e“ed fluture MWP-IRI (2022) MWP-IRI (2047)
be able to accurately quantifying these emissions. <1% - Not Specified >. | (Worst case scenario) : : N,

» Senate Bill 32 (California Global Warming Solutions Act of 2006) requires o/ b= 4) g””m”ed | o Soend oo *b
CA to reduce statewide GHG emissions to 40% below the 1990 level by '™ Tmperater = f]Sttcase Sced”f‘”o (practical). ptet” - \ P\
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« Utilize and enhance the Caltrans’ pavement management system (PaveM) to evaluate and quantify GHG emissions ‘—35 (IR1~20-60 in/mi) .

attributed to pavements of the State Highway System (SHS) over the next 30 years in the two major stages: c _@IRI=0________ T —  Close to zero GHG with Total GG mICO2-20) Total GHG (mTCO2-EQ)
> Materials and Construction activities (M&C Stage) O feivherm(rg;iig?;de\?;ﬁlceesw s , ’ S=2.000
7 ! >8,000 - 24,000 > =
» Vehicles operation (Use Stage) influenced by rolling resistance (mainly IRI, deflection, and macrotexture). 0.0 e S S S
$ Cost >24.000 - 45,000 T H N . =24 000 - 45.000

« Evaluate effectiveness of pavement performance-based optimization algorithms in PaveM system used for project 0.0
selection as means for controlling future GHG emissions.

« Evaluate effect of pavement repair spending plans on pavement-related GHG emissions quantities, repair costs, and
energy (fuel) savings.

» Ultilize GIS technology in mapping transportation-related GHG emissions quantities in both stages. + Repair cost based on IRI as

the optimization objective is
only a little higher than
based on cracking, but
tremendous amounts of
GHG emissions can be
saved. Projects selection
based on IRI results in lower
GHG than on the basis of
pavement cracking control
due to Use Phase GHG

GHG 115 Stage = 21 2j(gj X tj X 12 X 5280 X Lj);
i being largely affected by IRI.

Calculating GHG Emissions: Use Stage t R .+ GHG emissions for the

W=12’ 9.5 AR freefall (do nothing) scenario
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METHODOLOGY AND BASELINE CALCULATIONS
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Calculating GHG Emissions: M&C Stage e.g. Medium Overlay BN e

g(HMA)=OOO6673 ton COZE/ft3 ® GHG (current, 2018)

= GHG (Freefall)

GHG Emissions Quantity (metric ton CO,-e)

f: converts roughness to GHG emission due to rolling resistance increase rapidly over time. o G“G_;':“""”'EQ’
(note effect of deflection and macrotexture incorporated in IRI). n _ P00 1 2 3 4 5 6 7 8 9 W 4 ;2 B 1 15 16 U W B W N 2 W W s W ¥ BB The annual GHG is much ) TR
C: converts roughness to GHG due to the other resistances. Rolﬁfctgress - Vr?lulmel of SIeCtIfhn Time (fears| glgpheer:dtehdanb\évsh:é] Lunnd:. tﬁ(re? S G488
onstant veniclie Cclass Ieng . X | #3123 >80 - 190
T T o Annual Repair Cost cracking or IRl as the — .
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GHGvehlcleS(IRI) — [(fl X IRI;, + Cl) X Vl] X L]]l + The MWP scenarios are
= Cost (Unlimited, Perf=IRI Only) Identical in the first 12 years
l k j i i - COSt (Unllmlted' Perf:craCking) because Of preseIeCted _
/ j \ \ ...... Cost (MWP, Perf=Cracking) prOJeCtS. Afterwal'ds, the CONCLUSIONS AND RECOMMENDATIONS
M Analysi . 77 CostiMR, PerEiRlont) optimization objective . . .
anagement Ana ysiS  Number of el e @rodynam,c forces 4.0 (cracking vs. IRI) affects « Afirst large-scale study to accurately evaluate pavement-related GHG emission attributed to both M&C Stage and
sections period lanes class — = results (iRI hased Use Stage that and implementing Caltrans’ PaveM system run over ~70,000 pavement segments.
= : 30 optimization leads to lower « The base year (2018) SHS GHG emissions quantity was calculated 99.7 MMTCO,e; which is ~59% of estimated
a - - g GHG thz_;m cracking based statewide total from transportation sector. Hypothetically, producing IRI=0 pavements would drop the SHS Use
o e e rﬁ. 2 rﬁ - l\. ® o0 20 WA ggg\r?éz?rtclaoer%IIGal_tha r?mOK/netﬁ Stage GHG quantity to 96.8 MMTCO.e.
\7 year are due toy rgepair « Several spending plans including Freefall (Do Nothing), Unlimited funding, and MWPs were evaluated and the
- ] g 10 related M&C GHG effects of performance criteria on project selection in relation to GHG were studied.
performed in that year.  Interactive GIS maps have been developed to facilitate the visual presentation of GHG emissions quantities under
O e e e 4 s 1 b 1ottt 1 18 15 a0 ot s a3 ar a5 2 21 s e 30 various spending plans and over each highway segment. Totals per districts were also mapped.
Time (Years) * Project selection based on controlling IRI is equivalent to project selection on basis of minimizing GHG emission.
! Jj=vehicle classes, j=1-5 Only for a small cost increase, SHS pavement repair on the basis of selecting projects that have greater impact on
| - _ - r Total GH nd Fuel Savin mmar - Agency cost due to M&R cost. _ _ ! _ | _
Network I=pavement management segments, i=1, 69,667 GHGr=(c+fxIRI)xVxL 30-year Total G G and ue_ Sa gs_ Su 24}/ dale/e afi toafall ride quality reduces 30-year cumulative GHG a lot greater than when projects are selected to control cracking.
Master Data SIMENE CTMEN RCTTEIS A I ©  GHG saving relative to freefall. . | .
U Current (APC:C, date) GHG due | _ Spending plan  |agency cost|GHG saving| saving in fuel sBillion) - User cost savings in fuel cost due « The M&C Stage related GHG is small compared to Use Stage GHG; and accounted to ~0.5% of total GHG.
to Use Phase = 99.7 MMTCOze | 2 Deterioration ($ Billion) | (MMT) cost ($Billion) to vehicles operating on smoother « Districts 4, 7 & 8 contribute to ~53% of the SHS pavement carbon footprint. This is due to greater traffic and more
» GHG-IRI Ay Sy e 3 component MWP-IRI $52.08 47.08 $22.73 $29.36 pavements. lane miles (higher VMT). The greater number of lane-miles and higher traffic also contribute to more projects
\rr‘e‘;]?g': Z‘l’;sia‘:h ' 2 g MWP-Cracking $52.07 43.05 — s3086 ° et cost is agency cost minus which also increase M&C Stage GHG.
. 5 | | ' ' user savings in fuel cost. . Thi - -
o Average IRl from Eeflaci E/Iverty |Fg.|va(;u? T o % Unlimited-IR] $58.91 46.28 $21.72 $37.19 Selecting grojects oot bagie of This stud%/ carl; he]Icp (tZaI_tr?ns manage pavements in such a way to minimize both the future cost to taxpayer and
etwork Master File data wi = Ideal ¢ avement carbon footprint.
+ 2-axletrucks  APCS for each Ried o deterine Idoal chic. . B =a COMPOET Unlimited-Cracking ~ $57.61 39.33 $18.64 $38.98 “IRI benefits” leads to the greatest P . OO . . . . . .
. 3-axletrucks  segment (fine TS . © : : * No change In traffic was assumed over the analysis period; which can affect predicted GHG. Determining traffic
. for theoretically smoothest = Ereefall $0.00 0.00 NA. $0.00 savings in BOTH fuel cost AND . . . " . : .
- 4-axle trucks ~ segmentation) pavements = 96.8 MMTCO, e Not GHG emissions. It produces the growth factors Is rather complex as it must include predicting future technological improvements to vehicle
* S-axle trucks IR Ideal case (IRI=0) 0 129.01 $61.24 (correlation)  N.A. lowest Net Cost. technology and transportation models; which both depend on (or will influence) governmental policies!
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