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Two Cases Will be Demoed through the GREET Excel
Spreadsheet Model

B Hybrid Electric Vehicle (Demo 1)
— Vehicle Selection: HEV
— Material Selection: Lightweight
— Battery Selection: Ni-MH vs. Li-lon

Motive Battery Replacement: O vs. 1 per lifetime

B Fuel Cell Vehicle (Demo 2)

Vehicle Selection: FCV

Material Selection: Conventional

Battery Selection: Li-lon

Stack vs. Battery Size: 70 kW stack/30 kW Li-lon vs. 100 kW stack/no battery
Platinum Allocation Method: Weight-based vs. market-based




Browse the Overview Sheet prior to the Specific
GREET Simulation
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4 - & Software: GREET 2, Wersion 2.7
A Bl = il
31 Color Scheme for the GREET Model M
32 Clear cells are primarily for calculations and secondary assumplions
33
34
| 35 | Yellow cells are key input assumptions that users can change for their own simulations
36
37|
38 Y Cells with red triangle in the upper right corner contain comments. Users are advised to read the comments
| 39 |
40 |
41 Brief Descriptions of GREET 2.7 Worksheets
| 42 | Sheet Description
43 Vehi_lnputs Key input parameters of vehicle and vehicle components that users can specify for GREET simulations.
| 44 | Mat_Inputs Key input parameters of vehicle materials that users can specify for GREET simulations
45 Steel Calculations of energy use and emissions for steel production.
| 46 C.lron Calculations of energy use and emissions for cast iron production.
| 4T | W.Al Calculations of energy Use and emissions for wrought aluminum production
| 48 | C.Al  Calculations of energy use and emissions for cast aluminum production.
| 49 | Lead Calculations of energy use and emissions for lead production.
| 50 | Nickel Calculations of energy use and emissions for nickel production.
| 51| KOH Calculations of energy use and emissions for KIOH production.
| 52 | Cobalt Calculations of energy use and emissions for cobalt oxide production.
| 53 | Copper Calculations of energy use and emissions for copper production.
| 54 Zinc  Calculations of energy use and emissions for zinc production.
| 55 | Magnesium  Calculations of energy use and emissions for magnesium production.
| 56 | S.Acid Calculations of energy use and emissions for sulfuric acid production.
| 57 | Glass Calculations of energy use and emissions for glass production.
| 58 | Plastic  Calculations of energy Use and emissions for plastic production.
| 53 | Rubber Calculations of energy use and emissions for rubber production.
| 60 | Platinum  Calculations of energy use and emissions for platinum production. B
| 61 | Vanadium Calculations of energy use and emissions for vanadium production
| 62 | Zirconium  Calculations of energy use and emissions for zirconium production.
| B3 | Titanium  Calculations of energy use and emissions for titanium production.
| 64 | Chromium  Calculations of energy use and emissions far chromiurm production
| 65 Rare Earth Calculations of energy use and emissions for rare earth production.
| 56 | Manganese Calculations of energy use and emissions for manganese production.
| 67 | FC Materials Calculations of energy use and emissions for fuel cell materials production
| 68 | Mat_Sum  Summary of energy use and emissions results for vehicle materials production (per pound of material).
59 Vehi_Fluids Calculations of energy use and emissions for fluids production, fluids use and fluids disposal.
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Input Weights (Vehicle, Lead-Acid Battery, and
Fluids) in the Veh Inputs Sheet
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1 |Scenario Control Variables and Input Assumption
2 |1. Specification of Total Vehicle Weigh

ICEY: Conventional
Material

5530

ICEY: Lightweight
Material

15870

HEY: Conventional
aterial

2,310

HE": Lightweight
haterial

2,000

FCW: Caonventional
Material

3,020

FCY: Lightweight
Material

2,280

. Vehicle Battery and Fluids Weight, pounds per vehicle
2.1) Battery Weight

ICEY: Conventional ICEY: Lightweight HEY: Conventional HEY": Lightweight FC%: Conventional FCW: Lightweight
| 8 | Material aterial Material Idaterial daterial haterial
O Lead-Acid 360 234 221 14.4 2] 14.4
| 10 | Ii-hH 843 1.3 1100 3.7
11 Li-lan 33.7 20.5 44.0 279
iz
2.2) Fluids Weight
ﬂ Engine Qil Power Steering Fluid Brake Fluid  Transmission Fluid Powertrain Coolant Windshield Fluid Adhesives
| 15 | ICEY 8.5 0.0 2.0 24.0 230 6.0 30.0
| 16 | HEY 8.5 0.0 2.0 1.8 230 6.0 30.0
i 0.0 0.0 2.0 1.8 15.5 5.0 30.0
18|
| 19 |3. Key Input Parameters for Vehicle s: Body, Powertrain System, Transmission System, Chassis, Tracti , Generator, Electronic Controlls
| 20 [3.1) Vehicle Comg ts Weight, | Is (excluding battery, fluids,
ICEY: Conventional ICEY: Lightweight HEY: Conventional HE" Lightweight FC%: Conventional FCW: Lightweight
| 21 | Material Material Material Material Material Material
_2 3201 1853 2632 15863 26832 2140
23

24 |3.2.a) Fuel Cell Stack Size, kW
-1 T

Note: You can change in GREET 2.7 any value but if you
stray to far from the default you may have unrealistic results

32| | 421 |Fuel Cell Auxiliary System: Lightweight Material
v
4 v M\ Overview %y Vehi_Inputs / Mat_Inputs f Steel / C.lron /WAl / C.Al { Lead / Mickel /KOH £ Cobalt / Copper £ Zine £ Magnesium £ S.Acd f Glass / Plast | < || (»||
Ready Calculate UM

Argonne

NATIONAL LABORATORY




Select Key Input Parameters for the Vehicle
Components in the Veh Inputs Sheet
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186 | HEW 8.5 0.0 2.0 1.8 23.0 6.0 30.0 W
i F Y 0.0 0.0 aD ilig 15.5 6.0 30.0
| 19 |3. Key Input Parameters for Vehicle Components: Body, Powertrain System, Transmission System, Chassis, Traction Motor, Generator, Electronic Controlli )
| 20 |3.1) Vehicle Comp ts Weight, p Is (excluding battery, fluids, and fuel) i
ICEY: Conventional ICEY: Lightweight  HEW: Conventional HEY: Lightweight FCW: Conventional FCV: Lightweight
A Material Material Material Material Material Material
2 3201 1853 2632 1863 2832 2140
23]
Alza] Fuel Cell Stack Size, kW
| 25 | 70 Conventional Material
| 26 | 54 Lightweight Material
27|
| 28 [3.2.b) Weight of Fuel Cell Stack and Auxiliary System, pounds
ﬁ 226 Fuel Cell Stack (Fowertrain System): Conventional Material
ﬂ 546 Fuel Cell Auxiliary System: Conventional Material
| 31| 174 Fuel Cell Stack (Pawertrain System): Lightweight Material
| 32 421 Fuel Cell Auxiliary System: Lightweight Material
53]
| 34 |3.3) Vehicle Comy ts Composition, % by wt
ICEY: Conventional ICEY: Lightweight  HEW. Conventional HEY: Lightweight FC%. Conventional FCY: Lightweight
35 Material taterial Material haterial hdaterial hdaterial
| 36 | |Powertrain System 257% 307% 17.0% 216% 0.0% 0.1%
| 37 | |Transmission System B.3% B7% 72% 7E% 2 6% 28%
| 38 | |Chassis (wo battery) 23.9% 23.0% 24.5% 24.5% 23.0% 23.8%
| 39 | [Traction Mator 0.0% 0.0% 2.1% 2.0% 3.8% 3.8%
| 40 | |Generator 0.0% 0.0% 21% 20% 0.0% 0.0%
| 41 | |Electronic Contraller 0.0% 0.0% 1.6% 1.6% 3.4% 3.3%
£ Fuel Cell Auxiliary Systern 0.0% 0.0% 0.0% 0.0% 19.3% 19.7%
ﬂ Eody: including BV, interior, exteric 44.1% 39.6% 45.3% 40.3% 39.9% 35.5%
44
| 45 [3.4) Tire Repl During Lif of Vehicle
45 | | 3
| 48 |4. Key Input Parameters for Batteries
ﬂﬂﬂ Battery Type for Hybrid Electric Vehicles
50 1 1 - Di-hH 1~
H 4 » M [\ Overview % Vehi_Inputs ¢/ Mat_Inputs ¢ Steel 4/ C.lron /w.al /C.al fLead / Nickel /KOH 4 Cobalt / Copper 4 Zine / Magnesium / S.2cd / Glass / Plast | Al = J
Ready Calculate UM

Argonne

NATIONAL LABORATORY




Select Key Input Parameters for Battery and
Fluids in the Veh Inputs Sheet
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| 438 |4. Key Input Parameters for Batteries
ﬂd?ﬂ Battery Type for Hybrid Electric Vehicles
| 50 | 1 1 = Ni-MH
| 51| 2 - Li-lon
52|
id??] Battery Type for Fuel Cell Vehicles |
| 54 | 1 1 - Mi-MH
sl 2 - Li-lon
56 |
| 57 |4.3) Battery Size in Peak Battery Power, kW
| 58 | Mi-hH Li-lon
| 59 | HEW: Caonventional Material 2 23
| B0 | HEY: Lightweight haterial 14 14
| 61| FCW: Conwentional Material 30 30
| B2 | FC: Lightweight Material 19 19
63 |
| 64 |4.4) Battery Repl During Lifeti of Vehicle
| B5 | Lead-Acid Mi-hH Li-lan
| 66 | ICEY 2
|67 | HEW 2 1 1
| 58 | FCov 2 1 1
=
| 70 |4.5) Battery Specific Power Wikg Wilb
71| Mi-hH BO0 272
i Li-lon 1500 550
73|
| 74 |5. Key Input Parameters for Fluids
75 |5.1) Fluids Repl During Lifeti of Vehicle
E Engine Oil Power Steering Fluid Brake Fluid  Transmission Fluid Powertrain Coolant Windshield Fluid Adh
| 77 | 40 o 3 1 3 20 o
75|
| 79 |5.2) Ratio of Waste to Product when Fluids is Disposed
ﬂ Engine Qil FPower Steering Fluid Brake Fluid  Transmission Fluid Powertrain Coolant Wyindshield Fluid Adhesives
ﬁ BE.7 % BE.7 % BE.7 % BE.7 %% BE.7 % 0.0% BE.7 %
Ea F
M 4 » M Overview S Vehi_Inputs / Mat_Inputs ¢ Steel / Clron /w.al /C.Al /Lead / MNickel /KOH 4 Cobalt / Copper ¢ Zinc / Magresium ¢ S.Acid / Glass / Plast | <0 = |_
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Select Key Assumptions for ADR and Vehicle
Lifetime in the Veh Inputs Sheet
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A B [ @ | D | E [ E [ G [ H I |
31 5.7 % BE.7 % 6. 7% BE.7 % BE.7% 0.0% 5.7 % B
82

53 |6. GREET Default Key Assumptions for Vehicle and Vehicle Component Production

ﬂﬁj] Energy Use of Battery Assembly: mmBtu per ton of battery
| 85 | 27.470|Lead-Acid
| 86 | 35.230{ Mi-MH
| 87 | 30.690|Li-lon
B
ﬂﬁl] Energy Use of Vehicle Assembling, Disposal and Recycling: mmBtu per vehicle
| 90 | 0.234| Paint Production =
91| 01958 vehicle Painting
|92 | 3874]vehicle Assembly
| 93 | 1.420] Vehicle Disposal
94

95 |7. Lifetime VMT of a Vehicle, miles

ICEY: Lightweight HEY" Conventional HE"" Lightweight FCY: Conventional FCW: Lightweight
96 ICEY: Conventional Material Material Material Material Material Iaterial
a7 160,000 160,000 160,000 160,000 160,000 160,000
98

99 (8. Ratios of Fuel Economy of Lightweight Material Vehicles Relative to Their Conventional Material Vehicles Counterpart
HEY: Lightweight FCW: Lightweight
100 ICEY: Lightweight Material Material Material

101 133% 119%] 118% |

115 v
M 4 » M} Overview % Vehi_Inputs/ Mat_Inputs / Steel ¢ C.lron /WAl / C.Al / Lead / MNickel /KCOH / Cobalt ¢ Copper / Zinc 4 Magnesium 4 S.Acid / Glass / Plast | Al = |_
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Select Material Composition for Each Vehicle
Component in the Mat_Inputs Sheet
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1 [Scenario Control Variables and Input Assumptions Related to Vehicle Materials q
| 2 |1. Material Composition for Vehicle Components
| 2 |1.1) Material Composition for Each Comp t, % by wt
ICEY: Conventional ICEY: Lightweight HEY: Conventional  HEY: Lightweight FCW: Corwentional  FCW: Lightweight
4 Material Material Material Material Material Material
| 5 | |Body —
i Steel B5.3% 11.1% B5.3% 10.8% B3.3% 10.3%
L Wrought Aluminurm 0.7% 9.1% 0.7% 58.9% 0.7% 8.5%
| 8 | Copper/Brass 1.9% 36% 1.9% 3.5% 1.9% 33%
9 || magnesium 0.04% 0.9% 0.04% 0.9% 0.04% 0.9%
| 10 | Glass 6.5% 7.7% B.5% 7.5% 6.5% 7.2%
L Carbaon Fiber-Reinforced Plastic 0.0% 38.1% 0.0% 39.7% 0.0% 423%
£ Awerage Plastic 18.1% 236% 18.1% 22.9% 18.1% 22.0%
13| | Rubber 0.5% 0.9% 0.5% 0.8% 0.5% 0.8%
14 | | oOthers 4.0% 5.0% 4.0% 5.0% 4.0% 4.7%
| 15 | |Powertrain System
ﬂ Steel 39.5% 54 8% 45 4% 59 6% 1.5% 1.5%
i Stainless Steel 0.0% 3.6% 0.0% 3.2% 0.0% 0.0%
18| | castiron 28.6% 5.3% 24.0% 4.7% 0.0% 0.0%
| 19 | Wrought Alurninurm 0.0% 1.8% 0.0% 2.5% 23.2% 232%
| 20 | | cast Aluminum 17.1% 17.8% 14.4% 15.8% 0.0% 0.0%
| 21| Copper/Brass 2.9% 3.8% 26% 3.2% 0.0% 0.0%
i Average Plastic 9.3% 11.1% 8.4% 9.4% 0.0% 0.0%
& Rubber 2.6% 1.8% 2.2% 1.6% 0.0% 0.0%
A Carbon Fiber-Reinforced Plastic 0.0% 0.0% 0.0% 0.0% B2.7 % B2.7 %
25| | PFsa 0.0% 0.0% 0.0% 0.0% 5.4% 5.4%
| 26 | Carbon Paper 0.0% 0.0% 0.0% 0.0% 5.1% 5.1%
i FTFE 0.0% 0.0% 0.0% 0.0% 1.4% 1.4%
ﬁ Carbon & PFS5A Suspension 0.0% 0.0% 0.0% 0.0% 0.6% 06%
A Flatinurm 0.002% 0.003% 0.002% 0.002% 0.09% 0.09%
| 30 | | Others 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
| 31 | |Transmission System/Gearbox
i Steel 30.0% 30.0% B0.5% B0.5% B0.5% B0.5%
ﬁ Copper 0.0% 0.0% 18.9% 18.9% 18.9% 18.9%
| 34 | | cast lron 30.0% 0.0% 0.0% 0.0% 0.0% 0.0%
35 Wrought Aluminurm 30.0% 30.0% 20.0% 20.0% 20.0% 20.0% W
M 4 > P Overview / vehi_Inputs % Mat_Inputs ¢ Steel / C.Iron / W.Al £ C.Al { Lead / Mickel /KCH £ Cobalt / Copper / Zinc / Magnesium £ S.Acid  Glass / Plasti | < =
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Aggregated Material Composition for Components
Will be Displayed in the Mat Inputs Sheet

B2 Microsoft Excel - greet2_7.xls
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| 70 | Carbon Fiber-Reinforced Plastic 257% 25 7% 0
| 71 | Wrought Aluminum 16.7% 16.7%
2| Copper 9.6% 9.6%
| 73 | Average Plastics 8.7% 8.7%
74| | Rubber 1.5% 1.5%
75 || Mickel 0.5% 0.5%
il Others 0.5% 0.5%
ﬁ
78 [1.2) Vehicle Material Composition Aggregated by Each Component: % by wt
ICEY: Conventional ICEY: Lightweight HEY: Conventional  HEY: Lightweight FCY: Conwventional  FCW: Lightweight
79 Mfaterial Material Material Material faterial Material
ﬂ Steel B61.7% 30.5% B5.2% 30.9% 56.4% 21.4%
| 81 | |stainless Steel 0.0% 1.1% 0.0% 0.7% 0.0% 0.0% L4
| 82 | |castlron MA% 4.2% 6.0% 37% 1.8% 2.6%
| 83 | |Wrought Aluminum 2.2% 6.9% 1.8% 6.3% 5.9% 10.3%
| 84 | [cast Aluminum 4.7% 14.7% 5.1% 14.1% 3.2% 11.2%
| 85 | |CopperBrass 1.9% 32% 4.3% 5.4% 4.8% 55%
| 86 | |Magnesium 0.02% 0.4% 0.02% 0.4% 0.02% 0.3%
| 87 | |Glass 2.9% 3.0% 2.9% 3.0% 2.6% 2.8%
ﬁ Average Plastic 11.2% 14.0% 10.6% 12.6% 10.2% 11.7%
| 89 | |Rubber 2.4% 26% 1.9% 2.0% 1.8% 1.8%
ﬂ Carbon Fiber-Reinforced Plastic 0.0% 18.1% 0.0% 16.0% 10.0% 26.4%
ﬂ Glass Fiber-Reinforced Plastic 0.0% 2.3% 0.0% 2.4% 0.0% 2.3%
| 92 | [Mickel 0.0% 0.0% 0.0% 0.0% 0.1% 0.1%
| 93 | |PFsA 0.0% 0.0% 0.0% 0.0% 0.4% 0.4%
i Carbon Paper 0.0% 0.0% 0.0% 0.0% 0.4% 0.4%
| 95 | |PTFE 0.0% 0.0% 0.0% 0.0% 0.1% 0.1%
ﬂ Carbon & PFSA Suspension 0.0% 0.0% 0.0% 0.0% 0.05% 0.05%
i Platinurm 0.0005% 0.0009% 0.0003% 0.0004 % 0.007 % 0.007 %
ﬁ Others 1.9% 2.2% 2.2% 2.5% 2.2% 2.5%
é
| 1001.3) Material Composition of Tire, % by wt
1101 Rubber Steel
102 BETH 0.0%
103
[1n4|2_Batterv Material Comnosition. % bv wt b
M4 » w D Overview 4 Vehi_Inputs 3 Mat_Inputs ¢ Steel / C.lron /WAl C.Al /Lead £ Mickel fKOH £ Cobalt / Copper £ Zinc { Magnesium £ S.Acid f Glass / Plasti| < | =]
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Aggregated Material Composition for Components
Will be Displayed in the Mat Inputs Sheet

B2 Microsoft Excel - greet2_7.xls
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| 70 | Carbon Fiber-Reinforced Plastic 257% 25 7% 0
| 71 | Wrought Aluminum 16.7% 16.7%
2| Copper 9.6% 9.6%
| 73 | Average Plastics 8.7% 8.7%
74| | Rubber 1.5% 1.5%
75 || Mickel 0.5% 0.5%
il Others 0.5% 0.5%
ﬁ
78 [1.2) Vehicle Material Composition Aggregated by Each Component: % by wt
ICEY: Conventional ICEY: Lightweight HEY: Conventional  HEY: Lightweight FCY: Conwventional  FCW: Lightweight
79 Mfaterial Material Material Material faterial Material
ﬂ Steel B61.7% 30.5% B5.2% 30.9% 56.4% 21.4%
| 81 | |stainless Steel 0.0% 1.1% 0.0% 0.7% 0.0% 0.0% L4
| 82 | |castlron MA% 4.2% 6.0% 37% 1.8% 2.6%
| 83 | |Wrought Aluminum 2.2% 6.9% 1.8% 6.3% 5.9% 10.3%
| 84 | [cast Aluminum 4.7% 14.7% 5.1% 14.1% 3.2% 11.2%
| 85 | |CopperBrass 1.9% 32% 4.3% 5.4% 4.8% 55%
| 86 | |Magnesium 0.02% 0.4% 0.02% 0.4% 0.02% 0.3%
| 87 | |Glass 2.9% 3.0% 2.9% 3.0% 2.6% 2.8%
ﬁ Average Plastic 11.2% 14.0% 10.6% 12.6% 10.2% 11.7%
| 89 | |Rubber 2.4% 26% 1.9% 2.0% 1.8% 1.8%
ﬂ Carbon Fiber-Reinforced Plastic 0.0% 18.1% 0.0% 16.0% 10.0% 26.4%
ﬂ Glass Fiber-Reinforced Plastic 0.0% 2.3% 0.0% 2.4% 0.0% 2.3%
| 92 | [Mickel 0.0% 0.0% 0.0% 0.0% 0.1% 0.1%
| 93 | |PFsA 0.0% 0.0% 0.0% 0.0% 0.4% 0.4%
i Carbon Paper 0.0% 0.0% 0.0% 0.0% 0.4% 0.4%
| 95 | |PTFE 0.0% 0.0% 0.0% 0.0% 0.1% 0.1%
ﬂ Carbon & PFSA Suspension 0.0% 0.0% 0.0% 0.0% 0.05% 0.05%
i Platinurm 0.0005% 0.0009% 0.0003% 0.0004 % 0.007 % 0.007 %
ﬁ Others 1.9% 2.2% 2.2% 2.5% 2.2% 2.5%
é
| 1001.3) Material Composition of Tire, % by wt
1101 Rubber Steel
102 BETH 0.0%
103
[1n4|2_Batterv Material Comnosition. % bv wt b
M4 » w D Overview 4 Vehi_Inputs 3 Mat_Inputs ¢ Steel / C.lron /WAl C.Al /Lead £ Mickel fKOH £ Cobalt / Copper £ Zinc { Magnesium £ S.Acid f Glass / Plasti| < | =]
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Select Material Composition for Battery in the
Mat Inputs Sheet

EZ Microsoft Excel - greet2_7.xls
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104 |2, Battery Material Composition, % by wt g
ICEY: Conventional ICEY: Lightweight HEY: Conventional  HEY: Lightweight FCW: Conventional  FCW: Lightweight

105 Material Material Material Material Material Material
106 | |Lead-Acid
1107 | Plastic: Palypropylene B.1% B.1% B.1% B.1% B.1% B.1%
m Lead 69.0% B9.0% B9.0% B9.0% B9.0% B9.0%
109 | Sulfuric Acid 7.9% 7.9% 7.9% 7.9% 7.9% 7.9%
110 | Fiberglass 21% 21% 2.1% 21% 2.1% 2.1%
ﬂ Water 14.1% 14.1% 14.1% 14.1% 14.1% 14.1%
m Others 0.5% 0.5% 0.5% 0.5% 0.5% 0.5%
113 [NimH
114 | iron 12.0% 12.0% 12.0% 12.0%
115 | Steel 23.7% 23.7% 23.7% 23 7%
ﬁ Aluminum 0.5% 0.5% 0.5% 0.5%
m Copper 3.9% 3.9% 3.9% 3.9%
| 118] Magnesium 1.0% 1.0% 1.0% 1.0%
1119 | Cobalt 1.8% 1.8% 1.8% 1.8% L
ﬁ Mickel 28.2% 28.2% 28.2% 28.2%
1121 Rare Earth Metals B.3% B.3% B.3% B.3%
1122] Awverage Plastic 22.5% 225% 22.58% 22.5%
ﬁ Fubber 0.1% 0.1% 0.1% 0.1%
1124 | |Li-lon
1125 | Lithium Oxide (Li02) 53% 5.3% 5.3% 5.3%
ﬁ Mickel 2.6% 2.6% 2.6% 2.6%
E Cobalt 2.7% 2.7% 27% 2.7%
1 128] Manganese 2.5% 2.5% 2.5% 2.5%
1129 |  Graphite/Carbon 10.5% 10.6% 10.6% 10.6%
@ Binder 2.1% 21% 21% 2.1%
ﬂ Copper 24.5% 24 5% 24.5% 24.5%
1132] Wyrought Aluminurn 18.6% 18.6% 18.6% 18.6%
1133| | Cast Aluminum 10.6% 10.6% 10.6% 10.6%
1134 | Elactralyte 8.7% 87% 8.7% 8.7%
1135 Plastic: Palypropylene 8.1% 8.1% 8.1% 8.1%
| 136 Plastic: Polyethylene 2.9% 29% 2.9% 2.9%
137 | Steel 0.2% 0.2% 0.2% 0.2%
138 Thermal Insulation 0.5% 0.5% 0.5% 0.5% b’
M4 »r M Overview 4 Vehi_Inputs 3 Mat_Inputs ¢ Steel / C.lron /WAl / C.Al /Lead £ Mickel fKOH 4 Cobalt / Copper £ Zinc / Magnesium £ S.Acid / Glass / Plasti| < | 3]

Ready

Calculate
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Select Key Input Parameters for Material Use iIn
the Mat _Inputs Sheet

E3 Microsoft Excel - greet2_7.xls

@J Ele Edit Vew [nsert Format Tools Data Window Help

AR NN FERE = AN <O e - R A A R AsRdl -1

R AR A AR = A= A=Y | : A » WS EE DS
B152 - A DMickel
A B | B | D | [ + [ v [ &
| 145|4. Key Input Parameters for Material Use T
ﬂd.ﬂ Share of Virgin and Recycled Materials Used in Vehicle, % by wt
147 | “irgin Material Recycled Material
1 148| Steel 30.0% 70.0%
| 149| Wyrought Aluminum 89.0% 11.0%
1150 Cast Alurninum 41.0% 59.0%
1151 Lead 27 0% 73.0%
1152 | wickell 56.0% 240%
158
ﬁil.Z] Tons of Intermedi Material Needed per Ton of Final Steel Product
Sheet
Ore Pelletizing & Easic 02 Electric Arc Production &
@ Ore Recovery Sintering  Coke Production Blast Furnace Processing Furnace Ralling Stamping
| 156]| |virgin Steel 5.200 1.860 0.531 1.180 1.420 0.220 1.340 1.000
| 157 | |Recycled Steel 0.030 1.530 1.340 1.000
| 158| |Stainless Steel 1.610 1.340 1.000
159,
@4.3] Tons of Inter li Material Needed per Ton of Final Wrought Aluminum Product
Sheet
Reverb Melt and Al Melting and Froduction &
@ Bauxite Mining Bauxite Refining Alumina Reduction  Scrap Preparation Ingot Cast Casting Ralling Starmping
ﬂ Wirgin Wyrought Aluminum 4.800 1.900 1.000 1.000 1.380 1.000
@ Recycled Wrought Alurminurm 1.060 1.000 1.000 1.380 1.000 3
164
@4.4] Tons of Inter li Material Needed per Ton of Final Cast Aluminum Product
Al Melting and
@ Eauxite Mining Bauxite Refining Alumina Reduction Casting Al Casting Al Recycling
| 167 |cast Aluminum 4.800 1.500 1.000 1.000
| 168| |Recycled Cast Alurninurn 1.000 1.000
169,
| 170/4.5) Tons of Nickel Needed per Ton of Nickel Hydroxide Product
171 0.633
[172]
| 173|4.6) Composition of Fiberglass, % by wt
174 Glass Glass Fiber|
E 0.0% 100.0%
176
17714 7 2\ Sharas of Indivigual Plastic in a Vahicla far Auaraae Plastic Calenlation % hu >3
M4 » M\ Overview ¢ Wehi_lmputs 3Mat_Inputs ¢ Steel / C.lron / W.Al / C.Al ,(Lead £ Nickel /KOH / Cobalt / Copper 4 Zinc 4/ Magresium / S.Acd f Glass 4 Plasti| < | =]
Ready Calculate UM
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Select Key Energy Use Assumptions for
Material Production in the Mat _Inputs Sheet

E3 Microsoft Excel - greet2_7.xls

@._j Ele Edit Vew [nsert Format Tools Data Window Help Type a guestion for help

PN EFEROSSVE SRR 8 T -8 E] S 100%

RN R AR I == =Y | : ard -6 B zu|EEEES 6 0 BN FEepn-5-A-N
B152 - A& NMickel
B | & [ D E [ F [ E [ H [ 0 T v 1T &

| 196|5. GREET Default Key Assumptions for Material Production T
ﬂﬁj] Energy Use of Steel Production: mmBtu per ton of material product
| 198| 0.054| Tacanite Mining
1 199| 1.381|Ore Pelletizing & Sintering
| 200 5.580] Coke Praduction
1201 15,886 Blast Furnace
1202 1627|Basic 02 Pracessing
& 4 240 Electric Arc Furnace (for virgin steel and recycled steel)
1204 | 4.819|Electric Arc Furnace (for stainless steel)
1205 6.108]) Sheet Praduction & Rolling
2086 5 453) Stamping
207
&5.2] Energy Use of Cast Iron Production: mmBtu per ton of material product
1209 1.338]Iron Recycling
210 20884 Iran Casting
211]
ﬂﬁ.:}] Energy Use of Wrought Aluminum Production: mmBtu per ton of material product

1213 0.563|Bauxite Mining

1214 | 9.527|Bauxite Refining: Bayer Process

1215| 55.843|Alumina Reduction: Hall-Heroult Process

216 4.146| Al Melting and Casting

217 | 8.344| Sheet Production & Rolling

218 5.453| Stamping

1219| 0.623|Scrap Preparation (Recycled Al

1220| 9 500|Reverb Melt and Ingot Cast (Recycled Al

221

&5.4] Energy Use of Cast Aluminum Production: mmBtu per ton of material product

1223 0.563|Bauxite Mining B
224 | 9 527|Bauxite Refining: Bayer Process

1225| 55.843|Alumina Reduction: Hall-Heroult Process

| 226 4.146| Al Melting and Casting

227 34 B50) Al Casting (Recycled Al

228 1.450| A1 Recycling (Recycled Al

229

@5.5] Energy Use of Lead Production: mmBtu per ton of lead

231 2 SBDJLead Qre Mining “
4 v M\ Overview 4 Vehi_Imputs Y Mat_Inputs / Steel / Cron /WAl / C.Al fLead / Nickel /KOH £ Cobalt / Copper f Zine £ Magnesium £ S.Acd / Glass / Plasti| < '3l

Ready Calculate
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Select Key Input Parameters in the Vehi Inputs Sheet:
Hybrid Electric Vehicle (Demo 1)

E3 Microsoft Excel - greet2_7.xls

@._j Ele Edit ¥ew [nsert Format Tools Data  Window Help Type a question for help = -
DEHRAIDTE K DBA I BT -SR] 0w -0

i@li}%l“ﬁi%l&l&ldl%ﬁlﬁ@ i aria -8 <|B 7 UIEEE=38$ % TaS;‘?SIiEi?Iv&'A'!

0101 - A 10001 2% ((GA-HL W GAT100 21+ 0. 68777 ({ G4-H4 WG4 100)+0.0351 /100
A B & | D | E | F | G | H | I
46| 8 1
47
4. Key Input Parameters for Batte

| 49 |471) Battery Type for Hybrid Electric Vehicles Sp ecify which motive battery

50 1 1 - Mi-tAH .
<5 et type will be used
| 527 L
i-ﬂﬂ Battery ehicles
| 54 | 1 1 Ni-MH
| 55 | 2 - Li-lan
56|
| 57 |4.3) Battery Size in Peak Battery Power, kW
| 58 | INi-MH Li-lon
| 59 | HEW: Conventional Material 23 23
| B0 | HEW: Lightweight Material 14 14
| B1 | FCW: Carventional Material 30 30
| B2 | FCY: Lightweight Material 19 19
63
| 64 |4.4) Battery Repl During Lifetime of Vehicle

65 Lead-Acid Mi-hH Li-lan )
66 | IcEv 2 Specify number of battery
o e : 1 I replacements during lifetime
69 | of vehicle
| 70 |4.5) Battery Specific Power Wikg Wb
| 71 | Ni-MH 500 272
i Li-lan 1500 530
| 73]
| 74 |5. Key Input Parameters for Fluids

7% |5.1) Fluids Replacements During Lifetime of Vehicle
E Engine Qil Power Steering Fluid Brake Fluid  Transmission Fluid  Powertrain Coolant Windshield Fluid Adhesives
| 77 | 40 0 3 1 3 20 0
| 78]
| 79 |5.2) Ratio of Waste to Product when Fluids is Disposed
ﬂ Engine Qil Power Steeting Fluid Brake Fluid  Transmission Fluid ~ Powertrain Coolant Windshield Fluid Adhesives
ﬂ BE. 7% BE. 7% BE. 7% BE. 7% BE. 7% 0.0% B6.7 % £
M 4 » M} Overview Vehi_Inputs / Mat_Inputs / Steel / Clron /wial /C.Al /Lead / Nickel /KOH / Cobalt / Copper / Zinc f Magnesium / S.acd / Glass / Plasti| < | #]]
Ready Calculate UM
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Select Key Input Parameters in the Vehi Inputs and

Mat Inputs Sheet: Fuel Cell Vehicle (Demo 2)

EJ Microsoft Excel - greet2_7.xls

E] Fle Edt View Insert Format Took Data Window Hep
FQEEHRASED| VD4 %ﬂ'il"lvm'lﬁi'%lﬂ\lﬁ‘l}%% =@
i GEiLl e Ll <10 3| B.Z U

: pridl

EEAS %

Type aquestionforhelp = - & x

EIET

J:REITNT Specify fuel cell stack and Li-

F25 - &

=) | = I D [ 5

i ———— | L]

lon battery power

.2.a) Fuel Cell Stack Size, kW

Conventional Material

126
127 |
| 28 |3.2.b) Weight of Fuel Cell Stack and Auxiliary System. pounds
129 226 Fuel Cell Stack (Powertrain System): Conventional Material
| a0 | 546 Fuel Cell Ausiliary Syster Conventional Material
E 4 Fuel Cell Stack (Powertrain Systern): Lightweight Material
|32 | 4 Fuel Cell Ausiliary Systern: Lightwsight Materisl
33

34 |3.3) Vehicle Components Composition, % by wt

ICEY: Conventional ICEY: Lightweight  HEV: Conventional HEY: Lightwseight FCY: Conventional

a5 Iviaterial Material Iviaterial Material Miaterial Material
|36 | [Powertrain Systern 267% 07% 17.0% 216% 8.0% 8.1
E Transmission System 6.3% B7% 2% 7.8% 26% 2824
| 38 | |Chassis (wo battery) 239% 22.0% 245% 2054 23.0% 2383
| 3 | | Traction Motor 0.0% 0.0% 21% 20% 8% 384}

40| [Generator 00z 00 212 20% 0.0z 0.0:4
E Electroric: Controller 00 00 163% 16% 34% 334
| 42 | |Fuel Cell Auxiliary Systemn 0.0% 0.0% 0.0% 0.0% 193%

43 | |Body: including BIW, interier, exteric 4.1 396% 45.3% 20.3% 39.9%

FC: Lightweight}

Heplacements

ifetime of Yehicle

48 |4. Key Input Parameters for Batteries
4‘,1] Battery Type for Hybrid Electric Vehicles
50 1

| 50| 1 NidbH

151] 2 Lidon

|52

| 53 |42) Battery Type for Fuel Cell Vehicles

| 54 | 1 1 NidbH

155 | 2 Lidon
56

57 [4.3) Baltery Size in Peak Battery Power, kW

B3 Microsoft Excel - greet2_7.xls
e8] ge Bt Wew fuert Format Took Dota wndow Hep

.. ® x
RN NERETE TNk A S AR T TR s ) |
A | i co B I U EBBs % A8 EED-S-A
H & *
B & | [u] | E F | =] H | | o | K =

T A run - witight based eneny allocalion

2« South Afncan mano based

3 MA ming - matket valug based energy alocstion

for Material Producti

Taconite Mining

1,391 ve Pelltizing & Stering

5580 C ke Production
15885 Blast Funace

1E27|Basiz O2 Peoceasing

& 240|Eloctic Arc Fumac (for vegin steol and recycled steel)
i AB19|Electiic Are Fumace (for stsriess steel)
6. 108]Shaer Praduction & Ralling
£ 453 Stamping

Usa of Cast Iron Production: mmBiu per ton of materlal product
o 1.339{Iron Recycling
| 20 654]iron Casting

3} Eneigy Use of Wrought Aluminum Production: mmBiu per lon of material product

58 Mi-hH

59 HEV: Corwertional Material 23

&0 HEV: Lightweight Material s

g1 FCV: Corwentional Material 0

62 FCV: Lightweight Material 1

M4 » N[\ Overview ) Vehi_Inputs / Mat_Inputs A Steel £ Clron £ WAl £ CAl £ Lead £ Mickel /KOH 4 Cobalt 4 Coy Zinc £ M
Ready Calculate

01,553|Baunie Mining
8 537|Bauxite Refring Bayer Process
65 B3| Aduming Reduction. HallHeroull Process

Specify platinum allocation method

Argonne

NATIONAL LABORATORY

4 146} A Melting and Casting

B.348] Shewt Production & Rolling

5.453) Stamping

| 0623} Serap Propasation Recyclod Al

| 9.500|Reverb Meh and Inget Cast (Recycled Al)

5.4) Enorgqy s of Cast

B por ton of material product
0.563|Bauxie Mning
9587 |Baurite Refring. Bayer Process

5 B3| Aluming Reduction: Hall-Heroult Process

W 4 b W\ Overvew / Veh_irpurs ) Mat_inputs / Steel / C.iron /WA { Cal {Lead | tackel {KOH / Gobale  Copper / Zine J Magrestim /{ 5.0ad { Glass / Flast | € ’

Ready Calculate N
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The Vehi Sum Sheet Summarizes the Vehicle-Cycle Results

Demo 1: HEV with Ni-MH battery

B Microsoft Excel - greet?_7.xls E3 Microsoft Excel - greet2 7.xls

@j Fle Edit Wiew Insert Format Tools Data  Window  Help

» Demo 1: HEV with Li-lon battery

@J File Edt “ew Insert Format Tools Data  Window Help

QG HRGdRVE S LBR-F D - B2 XM  NDEEHRNILVESLB S DB 3] R
ST PAIE ) = TR R e v -

F65 A =SUM(BBS:EBS) FB5 g & =SUM(BES:EBS)

A B | ¢ | D E F A B | ¢ D E | F

48 |CO: Urban 254,453 43323 11.785 34 579 404.447 48 |CO: Urban 254,458 43,323 11.785 94,579 404.447
49 |NOx: Urban 811.995 154 617 42071 452 452 1461.135 49 |MOx: Urban 811.995 154 617 A2.071 452 452 1461.135
S0 |PMI0: Urban 141.603 9358 2696 169.932 323570 50 |PMID: Urban 141.603 9.385 26595 1659.932 323570
51 |PM2.8: Urban 53.041 5608 1.578 109.961 180,189 51 |PM2.5: Urban 53.041 5.609 1578 105,961 180.189
52 (20w Urhan 1201.035 344 651 93417 531.009 2X0172 52 |S0x: Urhan 1201.095 344 651 93.417 531.009 XaAT2
22 53
54 11.3) HEV: Conventional Material 54 |1.3) HEV: Conventional Material
) mmBtu or grams per vehicle lifetime 55 mmBtu or grams per vehicle lifetime
56 Components ADR Batteries Fluids Total 56 Components ADR Batteries Fluids Total
o7 |Tatal energy B1.4 127 16.9 107 101.7 57 |Tatal energy B2.5 12.7 80 0.7 945
58 [Fossil fuels f86 11.5 161 106 955 58 |Fossil fuels =R 1.4 51 106 = RE]
59 |Coal 2148 B3 9.6 05 g 59 [Coal 2149 B3 45 05 332
B0 |Matural gas 27AE 47 40 20 383 B0 |Matural gas 28.0 47 25 20 372
£1 |Petroleum 96 04 1.4 5.2 196 61 |Petroleum 87 0.4 1.1 g2 19.4
62 |coz 4 880 B3a 1039 264 1,374,092 BES 420 7 953 451 62 |coz 4 954 533 1,039 264 721,158 Go9 420 7,384 731
B3 |CHY4 5526 1524 1578 1073 13,198 £3 |CcH4 BB 1524 1092 1,073 12 481
B4 |N20 a7 15 19 5 a5 B4 [N20 a5 15 10 5 a7 |
65 [GHGs 5,093 561 1,080,379 1425120 BE5 ,E12| 8,285,2?1L E=rom ASaer L mOODEED s : )I 7 B 281
BE [vOC: Total 1327 2230 136 2321 32504 66 |voc: Total 1,340 2230 B3 29211 32850
B7 [Co: Total 34014 BT 1,085 2R 36 0595 67 |CO: Total 34525 7E7 213 225 35530
B8 [NOw: Total 5555 4,041 1,562 1,146 12 344 B8 [MOx: Tatal 5,590 4041 853 1,146 11,740
B9 |PM10: Total 8261 2261 1,873 431 12 526 69 |PMIO: Total 5411 2,261 1029 431 12,132
70 |Pw2.5: Tatal 2710 871 519 2A0 4,348 70 |PM2.8: Total 2,768 a71 325 260 4,204
71 |30 Total 17 580 H 573 12,100 1,349 36,702 71 |S0x: Tatal 17,905 5573 4 325 1,349 29252
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