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What	  is	  sustainable	  construcEon?	  
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Why	  measure	  it?	  

 	  Verifying	  the	  improvement	  in	  sustainability	  
 	  Planning	  and	  forecasEng	  
 	  CompeEEon	  &	  Rewarding	  

 	  Regulatory	  and	  standards	  compliance	  

Image:	  hPp://school.discoveryeducaEon.com/clipart/clip/tapemsr2.html	  
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How	  to	  measure	  it?	  

 Coupling	  of	  LCA	  and	  LCCA	  
•  LCA:	  a	  technique	  to	  assess	  the	  environmental	  aspects	  and	  
potenEal	  impacts	  associated	  with	  construcEon	  projects	  

•  LCCA:	  a	  financial-‐based	  decision	  making	  tool	  for	  long-‐term	  
assessment	  of	  construcEon	  projects	  that	  can	  be	  used	  to	  
systemaEcally	  determine	  costs	  

 Ra8ng	  system	  
•  LCA,	  LCCA,	  and	  Social	  indicators	  
•  WeighEng	  	  
•  Thresholds	  for	  labeling	  
•  AMOEBA*	  to	  help	  conEnuous	  development	  

*AMOEBA:	  general	  method	  for	  ecosystem	  descripEon	  and	  assessment	  (Dutch)	  
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Target	  Values	  of	  BE2ST-‐in-‐HighwaysTM	  

Green	  
Highway	  

GHG	  Emission	  
	  (20-‐25%	  reduc8on)	  

Water	  consump8on	  
(10%	  reduc8on)	  

Energy	  Use	  
(10%	  reduc8on)	  

Material	  Reuse/Recycling	  
(More	  than	  20%)	  

Hazardous	  Waste	  
	  (20%	  Reduc8on)	  

Life	  Cycle	  Cost	  
(10%	  saving)	  
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Structure	  of	  BE2ST-‐in-‐HighwaysTM	  

	  *	  	  User	  needs,	  laws,	  local	  ordinances,	  and	  quality	  requirement	  
**	  PreservaEon	  of	  historic	  site	  and	  schedule	  requirement	  
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RaEng	  Procedure	  

(1) Assume Pavement 
Configuration 

(2) Structural Modeling 
(Predict Service Life) 

(3) Rehabilitation Strategy 

(4) Performance Simulation 

(5) Score and AMOEBA 

(6) Final Design & Labeling 

Improvement 

Adaptation 

 	  Requirements	  
•  Transparency	  
•  Repeatability	  
•  Considering	  

tradeoffs	  
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The	  BE2ST-‐in-‐HighwayTM	  Soaware	  

 	  A	  standard	  measurement	  tool	  to	  provide	  transparency/repeatability	  in	  ra8ng	  
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Case	  Study	  

Design # Surface type 
Recycled 

material in 
surface 

Thickness of 
surface 
(mm) 

Base type 
Thickness 

of base 
(mm) 

Recycled 
Material in 

base 

F-1 

Reference 

HMA 

No 140 Aggregate 152 No 

F-2 
RAP 

(15%) 
140 Aggregate 152 No 

F-3 No 140 
RPM with 

10% FA 
94 

RPM with 

10% FA 

F-4 
RAP 

(15%) 
140 

RPM with 

10% FA 
94 

RPM with 

10% FA 

R-1 

PCC 

FA 15% 254 Aggregate 152 No 

R-2 FA 30% 254 Aggregate 152 No 

R-3 FA 15% 254 
RPM with 

10% FA 
94 

RPM with 

10% FA 

R-4 FA 30% 254 
RPM with 

10% FA 
94 

RPM with 

10% FA 

 	  Schema8c	  of	  8	  alterna8ve	  pavement	  designs	  for	  the	  Baraboo	  Bypass	  project	  
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Case	  Study	  
 	  IRI	  of	  the	  eight	  alterna8ve	  designs	  predicted	  using	  M-‐EPDG	  
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Case	  Study	  
 	  Global	  warming	  poten8al	  of	  the	  eight	  alterna8ve	  designs	  
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Case	  Study	  
 	  Energy	  consump8on	  for	  the	  eight	  alterna8ve	  designs	  
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Case	  Study	  
 	  Water	  consump8on	  for	  the	  eight	  alterna8ve	  designs	  
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Case	  Study	  
 	  Life	  cycle	  cost	  of	  the	  eight	  alterna8ve	  designs	  
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	  *	  	  GWP:	  Global	  Warming	  PotenEal,	  **	  LCC:	  Life	  Cycle	  Cost,	  
***	  SCC:	  Social	  Cost	  of	  Carbon	  

Design Energy GWP* Recycling Water LCC 
** 

Traffic 
Noise 

Hazard 
Material 

SCC 
*** 

Total 
Score 

F-2 0.2 0.2 2.2 0.3 0.2 1.0 0.3 0.8 29 

F-3 2.0 2.0 4.0 2.0 2.0 1.0 2.0 1.3 91 

F-4 2.0 2.0 4.0 2.0 2.0 1.0 2.0 1.4 91 

R-1 1.0 0.0 0.4 0.0 2.0 0.0 2.0 0 30 

R-2 1.4 0.4 0.7 0.0 2.0 0.0 2 0.1 37 

R-3 2.0 2.0 4.0 1.0 2.0 0.0 2.0 0.7 76 

R-4 2.0 2.0 2.0 2.0 2.0 0.0 2.0 0.9 72 

Case	  Study	  
 	  Points	  obtained	  and	  total	  ra8ng	  score	  
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Case	  Study	  
 	  Final	  screen	  shot	  of	  the	  BE2ST-‐in-‐HighwaysTM	  program	  for	  case	  F-‐4	  
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SMA:	  Stone	  Matrix	  Asphalt	  
OGFC:	  Open	  Graded	  FricEon	  Courses	  	  



Conclusion	  
 Case	  study	  using	  BE2ST-‐in-‐HighwaysTM	  reveals	  

•  Modest	  changes	  only	  to	  a	  pavement	  design	  yield	  significant	  	  

	  	  	  	  	  environmental	  and	  economic	  benefits	  
 43%	  reducEon	  in	  energy	  and	  GWP,	  54%	  reducEon	  in	  LCC	  

•  The	  superior	  material	  proper8es	  of	  some	  recycled	  materials	  

 Reduce	  the	  amount	  of	  material	  consumpEon	  	  

or	  

 Extend	  the	  service	  life	  of	  the	  highway	  structure	  
Thus,	  less	  adverse	  environmental	  impacts	  and	  lower	  life-‐cycle	  cost	  

 BE2ST-‐in-‐HighwaysTM	  supports	  con8nuous	  project	  improvement	  
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QuesEons	  &	  Comments	  !	  
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