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Quantifying the Role of High Performance Green 
Concrete in Green Buildings and Cities with LCA

For

American Coal Ash Association Conference – September 11, 2007

Major Points
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Sustainability of Urban Concrete
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High Performance Green Concrete 
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Durability Testing 
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Fly Ash ASTM C 618

Chemical Tests
Results 
Class F

Results
Class C

ASTM C 618 
Class F (reqd)

ASTM C 618 
Class C (reqd)

Sum of SiO2, Al 2O3, Fe2O3, % 81.63 57.17 70 min 50 min

Calcium Oxide (CaO), % 10.83 27.67

Sulfur Trioxide (SO3), % 0.43 2.18 5.0 max 5.0 max

Total Alkalies (as Na2O), % 1.45 2.27

Available Alkalies (as Na2O), % 0.42 1.56

Physical Tests

Loss on Ignition, % 0.67 0.26 6.0 6.0

Amount retained on No. 325 Sieve, % 23.87 11.84 34 max 34 max

Specific Gravity 2.37 2.67

Moisture Content, % 0.09 0.05 3.0 3.0
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18-month Expansion Limit: 0.10%

Class F ash

Control and Class C ash

Sodium Sulfate Expansion ASTM C 1012Sodium Sulfate Expansion ASTM C 1012Sodium Sulfate Expansion ASTM C 1012Sodium Sulfate Expansion ASTM C 1012

Freeze Thaw ASTM C 666
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LCA/MFA of Urban Concrete
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Urban Concrete Intensity

SOURCE: US CENSUS 2000

Per Capita Urban Cement Consumption Denver

Computed from 2002 Denver-
Aurora MSA; subsectors of 
NAICS 3273
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Whole Building LCA

Site Prep 
including 
demolition

Construction Operation End-of-Life

Energy, Material, Embodied Energy, and Water

Material 
Extraction, 
Processing 
and Transport

Cradle-to-Cradle (C2C)

Cradle-to-Grave (Landfill)

Cradle-to-Gate (Embodied) Assumptions
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Total Building Energy Use

Operations:
85% of Total

Operations:
60% of Total

Source: CSIRO Built Environment – Online Brochure. http://www.dbce. csiro.au/ind-serv/brochures/embodied/embodied.htm

Embodied:
15% of Total

Embodied:
40% of Total

Cement Manufacturing Processes

Direct Emissions from 
Mobile/Fugitive Sources

Direct/Indirect Emissions 
from Stationary  Sources

Process Emissions

Upstream/downstream 
emissions for transport

Source: California Climate Action Registry – Cement Reporting Protocol 
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Emission Factors for Electricity
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Avoidance Due to Fly Ash

Industry Group Sector Name NAICS

Economic 
Value, 
tonne 

USD(Yr)

CPI 
(Yr)

1997 $USD 
Economic 

Input

Total 
Energy, 

MJ/tonne

Total 
MTCO2E/ 

tonne

Management, 
Administrative, 

and Waste 
Services

Waste 
Management 

and 
Remediation 

Services

562
$3.00 
(2006)

201.6 
(2006)

$2.39 -54 -0.018

• EPA WARM model estimates -0.042 MTCO2E 
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Impact Assessment: GHG in CO2e

Wheaton, WY

Mt. Pleasant, TX

Pueblo, Co Underwood, ND

Direct Costs Per Tonne Concrete
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BAU: 0.232 mt CO2e/mt FA20RA50: 0.167 mtCO2e/mt 

Concrete Life Cycle GHG Benefits

Beneficial Uses
Industrial Byproduct 

Category
5 4 3 2 1

1)  Raw Material for Manufacturing a Product X X X X X
2)  Waste Stabilization/Solidification X X X X X
3)  Supplemental Fuel Source/Energy Recovery X X X X X
4)  Landfill Daily Cover/Internal Structures X X X X X
5)  Confined Geotechnical Fill – subbase/subgrade X X X X
6)  Encapsulated Transportation Embankment X X X X
7)  Capped Transportation Embankment X X X
8)  Unconfined Geotechnical Fill X X X
9)  Unbonded Surface Course X X
10) Bonded Surface Course X X
11) Decorative Stone X X
12) Cold Weather Road Abrasive X X
Exempt from notification requirements s. NR 538.12 (3) X

Wisconsin DNR – 538 guidelines 
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Climate Action Plans: Denver, CO
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Denver Per Capita total: 25.3 MTCO2E

Source: Ramaswami, Janson, Hillman, and Reiner

Denver’s GHG Inventory
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Business-as-Usual FA20RA50

1,573,193

303,829

2,097,590 2,097,590

786,596

786,596

786,596

243,064

243,064

MFA of Green Concrete in Denver

Thank You
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