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Background

ALife cycle analysis is a useful tool for comparing the
environmental burdens of products

A Analysis must take into account all materials and their production
characteristics.

A Should report both emissions and energy use from the full range of
cradle to grave activities.

Use and Disposal and
maintenance recycling




Life cycle analysis

AThe range of activities includes several stages

Aacquisition or harvesting of raw materials,
Arefining of the raw materials into workable elements,
Acombination and assembly of these elements into the product,

Aactual consumer use of the product, including maintenance and
repairs, and

Adisposal and recycling of the product at the end of its useful life

AMany consumers are unable to understand the nuances
of each of these stages, and are not in a position to
perform analyses on their own.



D
LCA Tool for vehicles

AWe recognize that a true, full life cycling accounting can
be guite data intensive.

AA simplified tool has been developed that allows rapid
calculation of environmental impacts for one of the largest
consumer purchases made on a regular basis:

The automobile




D
LCA Tool for vehicles

AGoal of current work: provide a tool to allow different
vehicles to be evaluated on an equal footing.

A Emphasis is not on an exact accounting but rather a rapid
comparison tool

A Algorithms developed to give estimates of the emissions and
energy consumption of the vehicle over its lifetime



Implementation

ATool based on a combination of Java code and
GoogleApps databases

A GoogleApps allows for easy update of databases and assumptions
by those not fluent in web applications.
A Databases are broken out by
A Assumptions and constants,
A Emission values,
A Electricity mixes by state, and

A Characteristics of over 400 automobiles

A gasoline, diesel fuel, biodiesel, ethanol, natural gas, electric, and hybrid
engines (stand-alone and plug-ins)



L
Example of LCA Tool

Alntro -
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Select fuel type: All -
Select vehicle category: Al -
Select fuel mix: Default -
Select car: Acura MDX (2007) 3.7 L V6 (gasoling) -
Select assembly location: US-TOTAL ~
Select use location: US-TOTAL ~

[ {Run calculation! I

Done iy
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L
Example of LCA Tool

O]

AResults are

shown in G c x o
separate -
web page LCA Tool Results

Vehicle:
|Type:
|l\f[i]eage:

|Acura MDX (2007) 3.7 L V6
||gaso]iﬂe SUV
|11 city, 23 highway

”Use location:
”Assemhly location:
[Fuel mix:

|US-TOTAL
|US-TOTAL
|Default

Lifetime emissions (Ibs) ” Lifetime energy

CO2eq

S0x

NOx

Hg

MMEBTU

%% total

[Material production

18248)|

72|

32|

0.00034|

114

|Vehicle assembly

8831

35|

16|

0.00016 |

22|

|Fue] production / transport

73199

60 |

69|

0.00024

234

[Vehicle operation - fuel

244341

24|

225

0.00075 |

1431

|Vehic]e maintenance

9624

39|

17)

0.00018|

24

|Vehicle disposal

11982

0.00022|




Example of LCA Tool

AResults are
shown in
separate
web page

Example for
electric vehicle
showing electricity
use values

e e a T

L.CA Tool Results

Vehicle: ||Toyota Camry all-electric hypothetical (2007) hypothetical

”Use location:

|US-TOTAL |

1 |Type:

|electricity Car |Assembly location: [US-TOTAL |

[Mileage: |19 city, 5 highway [Fuel mix: Defautt |
| Lifetime emissions (Ihs) ” Lifetime energy |

CO2eq  SOx NOx Hg MMBTU % total

[Material production | 17265 68| 31| 0.00032 108 | 25|
[Vehicle assembly [ 711 28| 13| 0.00013| 18| 4
[Fuel production / transport | 10264 41| 18| 0.00019| 0 0
Vehicle operation - electricity | 102636 406 182| 0.00190| 256 | 60
|Vehicle maintenance | 7566 30| 14| 0.00014| 19| 4
|Vehicle disposal | 10919 28| 6

20| 0.00020]

000288

e lal




L
Example of LCA Tool

AResults are
shown in
separate
web page

Example for
PHEV showing
electricity and
fuel use values

(@) LCA Tool - Mozilla Firefo [EENFENTEE)
File Edit View History Bookmarks Tools Help
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LCA Tool Results

[Vehicle:  |Theoretical PHEV-20 1.5 L 4 hybrid |Use location: |US-TOTAL |

| [Type: [PHEV-20 gasoline Car |Assembly location: |[US-TOTAL |
[Mileage: |35 city. 51 highway |Fuel mix: Default |

| ‘ Lifetime emissions (lhs) ” Lifetime energy |

CO2eq  SOx  NOx He MMBTU % total

[Material production | 12321 49| 22| 0.00023| 77| 16|
[Vehicle assembly | 5766 23| 10| 0.00011| 14| 3|
[Fuel production / transport | 15621 25| 18| 0.00011 38| g
[Vehicle operation - fuel | 39202 4 36| 0.00012 230 47
|Vehicle operation - electricity | 38766)| 153 69| 0.00072 97| 20
|Vehicle maintenance | 5504 22| 10| 0.00010] 14 3|
[Vehicle disposal | 80| 32| 14| 0.00015| 20| 4]




Assumptions in model

AVehicle lifetime miles reflect recent NHTSA work
A 152,274 lifetime miles for cars and
A 178,824 lifetime miles for pickups and SUVs

AThree fuel classes
A Default
A Low carbon burdens
AHigh carbon burdens




Material acquisition energy

Material MJ / kg Material MJ / kg
Aluminum (recycled) 52 Magnesium (recycled) 19
Aluminum (virgin) 231 Magnesium (virgin) 63
Copper (recycled) 50 Nickel (recycled) 50
Copper (virgin) 125 Nickel (virgin) 100
Fluids 50 Other 50
Glass (float) 13 Plastics (misc) 68
Glass (recycled) 7 Plastics (recycled) 45
Glass (textile) 13 Plastics (virgin) 90
Glass (virgin) 13 Rubber (recycled) 12
Iron (recycled) 37 Rubber (synthetic) 26
Iron (virgin) 37 Rubber (virgin) 40
Lead (recycled) 13 Steel (recycled) 52

Lead (virgin) 25 Steel (virgin) 65



