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ARTICLE I
STATEMENT OF WORK

As subcontractor to Charles River Associates, Rath & Strong
will help investigate for the Environmental Protection Agency
the potential of developing mobile source emission control tech-
nologies that are effective in meeting the most future emission
standards, but which do not contain materials that: (1) are
critical or strategic, (2) contribute to balance of payment
difficulties, or (3) require undue reliance on potentially
unpredictable foreign sources of supply-

The specific goals which will be met by this project
are to (1) quantify the critical materials used in mobile
source emission control systems, (2) investigate the feasi-
bility of recycling those critical materials, and (3) study
materials that might be used as replacements for certain specific
critical materials.

In order to meet or exceed the goals of this contract,

Rath & Strong shall provide all of the necessary personnel,
facilities, and equipment to perform the following tasks.

Task 1 -- Critical Materials Study

Rath & Strong will gquantify the amounts of potentially
critical materials in current mobile source emission control
systems for automobiles, light trucks, and heavy trucks,
using prior work done by the firm for EPA, JPL, DOT, DOE and
NAS. Rath & Strong will also estimate materials requirements
at the component level for advanced emission systems for trucks,
motorcycles, and diesels, focusing on those components which
use significant amounts of potentially critical materials.

This work will be similar to earlier work done for automobiles
by Rath & Strong, but will be more narrowly focused on material
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requirements. Using the automotive market models of Data
Resources, Inc., Rath & Strong will run future demand
scenarios as a basis for projecting required quantities of

materials.

Task 2 -- Recycling Study

Rath & Strong will provide limited general assistance
to CRA in its study of recycling, such as providing any
literature on the recycling of platinum which Rath & Strong

already has on hand.
Task 3 -- Replacement Study

Rath & Strong will analyze replacement of one material
for another in pollution control equipment to the extent such
substitutions are revealed by and related to the analysis of
material requirements for different emission control systems
in Task 1. Rath & Strong will assist CRA engineers in assessing
various further substitution possibilities, and will provide
general assistance such as guiding CRA to knowledgeable industry

sources of information.

ARTICLE II
DELIVERABLE ITEMS

1. Monthly Progress Reports

During the period of performance of this subcontract,
Rath & Strong will provide monthly progress reports
within eight (8) days cf the preceding month. If
requested, this information will be in writing.



(a) A brief statement of work accomplished.prior to
the state of the current reporting period;

(b) A brief statement of work performed during the
reporting period, regardless of results, including
photographs, graphs, tables or charts as necessary;

(c) Any technical problems, schedule changes, etc.,
that will assist CRA's Project Officer in evaluating
the subcontractor's progress;

(d) All experimental data collected during the reporting
period;

(e) A statement of work to be accomplished in the next
reporting period, and

(£) Status of funds expended for the month, the
cumulative total, and a comparison of projected
and actual costs.

Task 1 Subreport

Within 3 months after the effective date of the
Subcontract, Rath & Strong will submit to CRA a
detailed listing of the guantities of potentially
critical materials required for emission control
systems under various scenarios for the size and
composition of future vehicular production.
Preliminary results will be provided to CRA as they
become available.

Within four months after the effective date of the
subcontract, Rath & Strong will.submit to CRA a
finished draft chapter presenting the above listings
of critical materials, explaining clearly the auto
production scenarios upon which they are based and
any other underlying assumptions.

Task 3 Draft Material

Analysis of replacement possibilities by Rath & Strong
for Task 3, based on the Task 1 analysis, will be
submitted to CRA within eight (8) months after the
effective date of this subcontract. This discussion
will be in draft form suitable for inclusion in a
draft final report.



ARTICLE III

PERIOD OF PERFORMANCE

The period of performance of this contract shall be
eight (8) months from the effective date of this Subcontract,
which shall be concurrent with the effective state date of the

Prime Contract.

ARTICLE IV

This is a cost plus fixed fee completion type contract
as defined in FPR 1-3.405-5(e) (1).
The estimated allowable cost for this contract is
$26,643 and the fixed fee is $2,131. The total estimated cost
ST ——————
plus fixed fee for this contract is $28,774.
m

ARTICLE V
GENERAL PROVISIONS

R & S agrees that all work under this Subcontract is
subject to the terms set forth in the document entitled
"General Provisions" which is attached hereto and made a part
hereof.

In the General Provisions, the terms "Seller" refers to
General Research Corporation and "Buyer" refers to Charles
River Associates Incorporated.

This Subcontract requires the written consent of the
Prime Contract contracting officer prior to the placing of
this Subcontract.



This Subcontract is entered into as of December 10, 1979.

CHARLES RIVER ASSOCIATES INCORPORATED RATH & STRONG, INC.

- /
Harrison S. Campbell E. Robert Barlow
Typed Name Typed Name

Assistant Treasurer
Vice President and Treasurer

Title Title
December 27, 1979
December 10, 1979

Date Date

Written approval of
U.S. Environmental Protection Agency
contracting officer:

e
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Date



Task 1

Rath & Strong Inc. developed a set of scenarios for automobiles and light trucks
that are included with this report. We also included a forecast of the
econometric demand (consensus) and Rath & Strong's projection of the likely mix
or share that was used to project the economic forecast. The first scenario is a
technological projection of the changes in vehicles and emission systems by

company and by year at a constant volume.

These two scenarios were used to generate the critical material demands using
Rath & Strong's computer data base which resides on Data Resources Inc.
computer in Lexington. Each emission system was defined for each vehicle
configuration for several levels of emission standards. The diesel engines were
assumed to be equipped with a monolithic substrate contained in a 409 steel
clamshell particulate trap in which the particulate particles are burned off using
exhaust gas temperatures. The scenarios define the introduction of the 4 - 6 and

8 engines starting in 1980.

The summary of the critical materials is included in this section. Also, we
included the specifications of the emission system configurations used in the

vehicles.

The platinum series summary indicates that a decline in usage is likely due to
reduction in gasoline engine sizes and the introduction of diesel engines which
reduce the use of gasoline engines. Also, it was assumed that noble metals would

not be used on the particulate trap substrate.

The motorcycle usage of a catalytic device will not affect the usage

significantly.

The heavy truck conversion to diesel engines will put a demand on particulate
traps but it will have little or no effect on the critical materials demand. The
gasoline engine will be replaced by diesel engines in all classes over Class 2
trucks.

RATH & STRONG
INCORPORATED



Task 2
Recycling Study

Rath & Strong has some doubts that a cost effective recycling procedure can be
developed. The current strategy of obtaining over 50,000 mile reliability in the
emission systems is probably more cost effective. The replacement costs of a

three-way catalyst will probably reach a $300 to $400 cost to customer.

Task 3
Replacement Study

Rath & Strong has worked on several emissions projects over the last 10 years
and has concluded that a substitute catalyst such as nickel shims or other similar
metal substrate will require a major redesign program in the automobile and light
truck industry. If a platinum (OPEC type) situation shortage occurs, we will be

faced with a major national environmental decision.

RATH & STRONG
INCORPORATED



Company: Chrysler

3 WAY MONO - CLAM SHELL CONVERTER REDUCING OXIDATION (260) CLAMSHELL

Description
Part Material MS WT
Converter Assembly Assembly 26.17
Outer Wrap 4095S 2792 8.00
Shell 409SS 3920 4.00
1/0 Pipes 4095S 3920 2.50
Bed Support 4095S 3920 3.77
Insulation Fiber glass KZ1-6 1.50
Substrates (Cordite O,) Ceramic 5747 3.10
Washcoat AL 203 5835 .10
Ibs. grams
Platinum 5748 1.88
Palladium 5749 .59
Nox Substrate Ceramic 5747 3.10
Washcoat ALZU3 5835 .10
Rhodium (L4) 1936 .09
Ruthenium (L6-V8) 430 .17

RATH & STRONG

INCORPORATED



Company: Ford

3 WAY MONOLITHIC CATALYST 63 CID

Part

Converter Assembly
Shell
Rings (No.)
Inlet Cone
Outlet Cone
Inlet Pipe
Flanges
Mesh
Hardware
Substrates (2) - Ceramic
Washcoat .
02 Substrate
Platinum
Palladium
Nox Substrate
Washcoat
Rhodium (L6, V6 - V8)

Rhodium L4
Washcoat

Description
Material

409SS
409SS
409SS
409SS
409SS
409SS
409SS
Steel
Ceramic

ALZCJ3

~

Ceramic

Al..zlJ3

RATH & STRONG

INCORPORATED

MS

3920
3920
3920
3920
3920
3920
5789

420
5747
5835

5748
5749
5747
5835
1936

1936
5835

WT

20.61
.47
.70
.35
.35
.35
.34
.51
.14
3.10
.10
lbs. grams
1.88
.59

o = N

3.10

.10
.17

.10



Company: GM and AMC

REDUCING 3 WAY PELLETED OXIDATION CATALYST 260 CUBIC INCHES

Description

Part Material MS wWT
Converter Assembly Assembly 26.21
Outer Wrap 409SS 2792 8.00
Shell 409SS 3920 4.00
I/O Pipes 409SS 3920 2.50
Bed Support 409SS 3920 3.77
Insulation Fiber glass KZ1-6 1.50
Pellets (02) Alumina 5835 3.22

Ibs. grams
Platinum 5748 1.88
Palladium 5749 .59

Nox Pellets Alumina 5835 3.22

Rhodium L6-V6-V8 1936 .17

Rhadium L4 1936 .09

RATH & STRONG

INCORPQORATED



Company: Chrysler, Ford, AMC, and GM

02 MONOLITHIC START CATALYST 43 CID
Description
Part Material MS wT
Converter Assembly Assembly 4.880
Shell Rings 409SS 3920 2.000
Mesh 4095S 5789 .250
1/0 Cones 409SS 3920 .750
Washcoat AL?_O3 5835 .10
Hardware Steel 420 .250
Heat Shield Aluminum 6202 1.000
Substrate Ceramic 6077 .530
grams
Platinum 5748 1.08
Palladium 5749 .47

RATH & STRONG

INCORPORATED



Company: Chrysler

02 MONOLITH OXIDATION 63 CID

Description
Part Material MS wWT
Converter Assembly Assembly 22.97
Outer Wrap 409SS 2792 8.00
Shell 40955 3920 4.00
I/O Pipes 409SS 3920 2.50
Bed Support 409SS 3920 3.77
Insulation Fiber glass KZ1-6 1.50
Substrate (Cordite 02) Ceramic 5747 3.10
grams
Wash Coat ALZO3 5835 .10 lbs.
Platinum 5748 1.74
Palladium 5749 744

RATH & STRONG
INCORPORATED



Company: Ford

Part

Converter Assembly
Shell

Ring

Inlet Cone

Outlet Cone

Inlet Pipe

Flanges

Mesh

Hardware

Substrate /Cordite O,
Washcoat

Platinum

Palladium

MONOLITHIC OXIDIZING CATALYST

63 CUBIC INCH SUBSTRATE

Description
Material

Assembly
409SS
409SS
409SS
409SS
409SSs
409SS
409SS
Steel
Ceramic

ALZIJ3

RATH & STRONG
INCORPORATED

MS

3920

- 3920

3920
3920
3920
3920
5789

420
5747
5835

5748
5749

WT

7.900
2.000
1.000
1.000
1.000
1.000
.250
.150
.100
1.300
.10

Grams
1.74
. 744



Company: GM and AMC

PELLETED OXIDATION 260 CUBIC INCHES

Description

Part Material MS WT
Converter Assembly Assembly 26.20
Outer Wrap 409SS 2792 8.00
Shell 409SS 3920 4.00
I/O Pipes 409SS 3920 2.50
Bed Support 409SS 3920 3.77
Insulation Fibre glass KZ1-6 1.50
Pellets Alumina 5835 6.43

Platinum 5748

Palladium 5749

RATH & STRONG
INCORPORATED

grams

1.74
.744



Company:

Vehicles

Cars - USA

Constant
Volume Total

Consensus
Forecast
Total NLA.

Light Trucks
USA

Constant
Volume Total

Consensus
Forecast
Total-N. A

Total USA
Cars & Light
Trucks

Total N.A.
Cars & Light
Trucks

GM

Mat'l

PT
PA

RO,
RU

PT
PA
RO
RU

PT
PA
RO
RU

PT
PA
RO
RU

MS

5748
5749
1936

430

5748
5749
1936

430

5748
5749
1936

430

5748
5749
1936

430

1980

11273400
4823400

5700000

4723000

2733305
1169463

1382000

904000

14006705
5992863

11129021
4761627

1981

10855800
4645800

4890000

2632055
1126403

905000

13487855
5772203

11036729
4723230

CRA
CRITICAL MATERIALS

(in grams.)

1982

8936400
3826800

5500000

2166685
927831

1275000

11103085
4754631

10621773
4548521

1983

8278200
2584200
586200

5900000

2007100
626555
142128

1350000

10285300
3210755
728328

105292848
3286921
745605

1984

7597600
2371800
505800

6050000

1842133
575057
122634

1350000

9439933
2946857
628434

9863810
3079178
656652

1985

7938000
2478000
522000

6150000

1924617
600806
126562

1400000

9862617
3078806
648562

10514368
3282263
69142}

Est.

1986

9525600

2937600
636000

6190000

2309540
720968
154202

1430000

11835140
3694568

790202 *

12734222
3975234
850231

1987

8731890
2725800
564600

7930000

2117079
660887
136891

*
1200000

10848879

3386687
701431

13986199

4366062
904351

1990



Compeny: Ford

Vehicles

Cars - USA

(:onataﬁt
Volume Total

Consensus
fForecast
Total-N.A.

Light Trucks
USA

Constant
Volumé Total

Consensus
Forecast
Total-N.A.

Total USA
Cars & Light
Trucks

Total N.A.
Cars & Light
Trucks

*R & S Forecast

Mat'l

PT
PA
RO

PT
PA
RO

PT
PA
RO

PT
PA
RO

MS

5748
5749
1936

5748
5749
1936

5748
5749
1936

5748
5749
1936

1980

5441920

2320780
0

2090000

1536000

2385071

1017146°

0

916000

715000

7826991
3337926
0

5861130
2499558
0

1981

5133040
2186360
0

1705000

2249696
958232
0

680000

7382736
3144592
0

587560
2494961
0

CRA
CRITICAL MATERIALS

1982

4158000
1298000
286000

1875000

1822358
568884
125347

900000

5980358
1866884
411347

5520790
1723421
379737

(in grams.)

1983

4158000
1288000
270160

1975000

1822358
5608884
118405

1000000

5980358
1866884
388565

5918684
1847631
384558

1984

4033260
1259060
251900

2025000

1767687
551818
110402

1000000

5800747
1810878
362302

5837613
1822324
364596

1985

3991680
1246080
242880

2075000

1749464
546129
106449

1030000

5741144
1792209
349329

5930224
1851234
360834

1986

3991680
1246080
242880

2195000

1749464
546129
106449

1040000

5741144
1792209
349329

6178510
1928741
375941

Est.
1987

3825360
1194160
234960

1690000
*

1676569
523373
102978

600000

*

5501929
1717533
337938

4191423
1308433
257444

19%0



Company:

Vehicles

Cars - USA

Constant
Volume Total

3

Consensus
Forecast
Total-N.A.

. Light Trucks
USA

Constant
Volume Total
Consensus ’
Forecast
Total N.A.

Total USA
Cars & Light
Trucks

Total N.A.
Cars & Light
Trucks

AMC

Mat'l

PT
PA
RO
RU

PT
PA
RO
RU

PT
PA
RO
RU

PT
PA
RO
RU

* = R & S Forecast

MS

5748
5749
1936

430

5748
5749
1936

430

5748
5749
1936

430

5748
5749
1936

430

1980

846000
363000

285000

185000

457137
196147

154000

103000

1303137
559147

854905
366821

1981

846000
363000

170000

457137
196147

85000

1303137
559147

7156941
324789

CRA

CRITICAL MATERIALS

1982

846000
363000

190000

457137
196147

140000

1303137
559147

979579
420316

(in grams.)
1983

877920
328800
20520

225000

474385
177667
11088

150000

1352305
506467
31608

1155158
432631
27000

1984

883380
322960
24020

250000

477335
174512
12979

150000

1360715
497472
36999

1238251
452700
33669

1985

885060
321160
25100

250000

478243
173539
13563

155000

1363303
494699
38663

1254239
455123
35570

1986

799200
286200
24300

260000

431848
154648
13131

160000

1231048
440848
37431

1181806
423214
35934

Est.

1987

763680
273480
23220

*

130000

412655
147775
12547

50000

1176335
421255
35767

482297
172715
14664

1990



Compsny: Chrysler

Vehicles

Cars - USA

Canstant
Volume Total

Consensus
Forecast
TOK&!-N - A .

Light Trucks
USA

Constant
Volume Total

Consensus
Forecast
Total-N.A.

Total USA
Cars & Light
Trucks

Total N.A.
Cars & Light
Trucks

Mat'l MS§

PT 5748
PA 5749
RO 1936
RU 430
PT 5748
PA 5749
RO 1936
RU 430
PT 5748
PA 5749
RO 1936
RU 430
PT 5748
PA 5749
RO 1936
RU 430

1980

2535200
1027000
25200
13420

950000

741000

725868
294046
7215
3842

272000

222000

3261068
1321046
32415
17262

2569892
1041053
25545
13603

1981

2225400
919600
13500

930000

637167
263296
3865

160000

2862567
1182896
17365

2553354
1055120
15489

CRA

CRITICAL MATERIALS

{in grams.)

1982

1710800
536900
53100
60800

990000

489829
153723
15203
17408

200000

2200629
690623
68303
78208

2143002
672538
66514
76160

1983

1466400
460200
70200

1100000

419853
131763
20099

185000

1886253
591963
90299

1983498
622482
94954

1984

1466400
460200
70200

1125000

419853
131763
20099

185000

1886253
591963
90299

2022088
634592
96802

1985

1428800
448400
68400

1150000

409088
128384
19584

195000

1837888
576784
87984

2022880
634840
96840

Est.

1986

1278400
401200
61200

1160000

366026
114870
17523

195000

1664426
516070
78723

1823402
572238

87291

1987

1146800
359900
54900

»*

910000

328347
103045
15719

*

200000

1475147
462945
70619

1339945
420515
64147

1990



COMPARISON

1500 2200 2700 3200 3000 3500 3700
185 MPG 3 cyl 4 cyl 4 cyl 4 cyl 4 cyl V6 V8/V6
Electri V6 cyl V6 cyl V6
ectric G/D G/D G/D G/D G/D G/D G/D
45/55 30/40 25/35 20/25 25/35 20/25 20/25
GM EV S J X AX FX KX CX
FWD FWD FWD FWD FWD FWD FWD
CVT 125 125/440 440 440 440 440
T300
X~-Truck X=Truck
FORD’ o) EXP | e FX Ltd Taurus Versaille Contin,
FWD ®) (o) FWD RWD FWD RWD RWD
o Q|1 .ATO FIOD ATO FIOD FIOD
w Y Topaz
Courier
RWD
CHRYSLER o) o Omni K
K Truck
FWD
AMC (o) Mini LeCar |Maxi LeCar AWD
Jeep
VW o 0 Rabbit Jetta
Pickup Van
FWD FWD
TOYOTA (o) (0] Tercel Corolla
FWD RWD
HONDA Civic Accord
NISSAN 310 FWD
210 RWD
CODES

FWD - Front Wheel Drive

K or X - Design Designation for FWD Cars and Trucks
'125/440 ~ FWD Transmission - GM

ATO - FWD Transmission — Ford
FIOD - RWD - Transmission - Ford




NORTH AMERICAN

PASSENGER CAR MARKET

FORECAST
(X 1000)
CONSENSUS - SURVEY RATH & STRONG
Company’ 1980 1983 1985 1987
% % % %
SOM SOM SOM SOM

‘Ford 1,536 15 1,975 | 16 2,075 17 1,690 13 || Competitive Fleet not Available
GM 4,723 | 47 5,900 | 48 6,150 | 48 7,930 | 61 || Full Fleet and Electric
Chrysler 741 1,100 9 1,150 9 910 7 || Limited to 3 Car Lines
AMC 185 225 2 250 2 130 1 || Selling Renaults
vw 197 425 3 550 4 520 4 || Growing Fleet
Honda - - 125 1 250 2 130 1 || Limited
Domestic Market| 7,382 | 74 9,750 | 79| 10,425 | 82 || 11,310 | 87
Imports 2,549 | 26 2,600 | 21 2275 | 18 1,690 13 || Foreign Imports Lost
Total = NA
Market 9,931 12,350 12,700 13,000

Assuming the Conservation Policy and Price of Gasoline will continue

to limit the imports from Europe and the USA small cars wil! reduce

the Japanese imports.




NORTH AMERICAN
LIGHT TRUCK MARKET

FORECAST
(X 1000)
CONSENSUS - SURVEY RATH & STRONG
Compény 1980 % 1983 1985 1987
SOM SOM SOM SOM

‘FORD 715 29 1,000 30 1,030 32 600 25 RWD
GM 904 37 1,350 40 1,400 44 1,200 51 FWD X - J Trucks
CHRYSLER 222 9 185 6 195 6 200 8 FWD K - L Trucks
AMC 103 160 155 5 50 2 4-Wheel Only
IH (Scout) 10 0 0 0
VW 22 1 35 1 35 1 50 2 || FWD
NISSAN 105 3 110 3 110 3 RWD
Domestic Market 1,976 80 | 2,825 85| 2,925 91 2,210 | 91
import Trucks 500 20 400 15 275 9 150 9
Total Markets 2,476 3,225 3,200 2,360

The light truck will lose volume

to the cars.




FURD PASSEUGER CAR

ACTUAL

1980 1381 1982 1983 1964 1985 1986
FORD 135 130 135 . 125 - - -
T-BIRD — 141 97 110 179 199 185 180
GRANADA 39 151 179 160 2604 12071705 320
FAIRMONT 30 235 190  95/1403 285 280 275
PINTO/ESCORT 179 2971 380 370 360 75 375
EXP  EriexA - 711 169 155 170 180 180
MUSTANG 253 205 149 135 130 125 120
MERCURY 53 51 55 50 - - -
XR7 51 1] 45 80 90 90 85
MONARCH/ COUGAR 32 68 75 70 95ﬁ u5/65§ 130,
ZEPHYR 113 76 55 30/50° 115 110 110
BOBCAT/LYNX 39 1031 140 140 130 140 140
LN-7 - 251 50 50 60 65 65
CAPRI 75 64 45 45 40 40 40
LINCOLN 27 38 35 35 405 35 110/
HARK V1 30 43 40 49 605 50 65/
VERSATLLES/CONT INENTAL I - 402 35 - - -
TOTAL 1,535 1,705 1,875 1,975 2,025 2,075 2,195
1) ERIKA-FYD PINTO/BOBCAT REPLACEMENT
2) TOWH CAR "FOX" VERSAILLES Esconr
3)  TOPAZ-FuD FAIRMONT/ZEPHYR REPLACEMENT BY FORMAL ERIKA 2-DR & 4-DR
) FRESH "FOX" FORD/MERCURY REPLACEMENT
5)  HEY “EQX" LINCOLN/MARK VI
5) TAURUS-FYD  GRAWADA/COUGAR MID-YEAR REPLACEMENT * INCLUDES LUXURY TOPAZ

7)  TAURUS-FUD "FOX" LIMCOLN/MARK REPLACEMENT
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SUMMARY OF PRODUCTION

ASSUMING GENERAL MOTORS (ESTES FORECAST)
85 - 31.0 MPG 90 - 40 MPG 95 - 50 MPG

WITH ELECTRIC VEHICLE (185 MPG CREDIT)

T T T o Ton T T ]
Year | MPG | EV S | TX JX X | FX| AX | BX CX | EX | KX

1985 | 31.0 50 O 9571163 |1439 | 1568|1152 | 325 | 200 | 64 | 154

1990 | 40.0 | 524 | 675|1757 | 941 | 824 | - | 749 50 | 50 | 55 | 75

1995 | 560.0 |1078 |1500|1507 | 655 | 430 ~— | 530 = - = =




AUTOMOTIVE SCENARIO 1980-1995

Introduction

Some of our clients in the tooling industry are confronted with unexpected

windfall business that may create an overoptimistic forecast of their future

capacity requirements.

To meet the need for valid consumption scenarios, we have developed a

methodology to assess the impact of current economical trends, new technology,

and current legislative action relating to the automotive industry. These data

are "what if" scenarios, not necessarily predictions or forecasts.

A-

Methodology

The methodology which we elected to follow, if straightforward at first

sight, looks awesome:

1.

2.

3.

These scenarios optimize diesel engines and full size cars to achieve

maximum profits and machine tool investments.

We created a hypothetical fleet of cars for each manufacturer, year by
year, for the 1980-1995 period which would meet a hypothetical CAFE
standard (between 1985 and 1995), would comply with the 1985 emission

standards, and still generate profits for the manufacturers.
This first phase is referred to as the scenario.

For sake of simplicity and for lack of better knowledge, we kept the
total production of cars to the 1979 level knowing that we could always
modify the outputs by merely changing the production input in the

revised scenario.

We will now cover in detail the assumptions made for each company in

preparing the scenario.

RATH & STRONG
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B.

Scenarioc Assumptions

The scenarios for a passenger car fleet were based on the following

technological assumptions:

l.

4.

5.

Energy conservation would still be the driving force during the eighties

and the nineties for lack of a well-defined energy production policy.

Long before the $2.50 per gallon price level, consumers' demands for

economy cars will override the standards mandated by Congress.

7, V14
EPA would maintain their 1985 standards on HC, CO, and NOxf but
ight-immpose-.2_gprmrparticulate Tegulations unless—eencilsive evidence

ould prove.that partieulates apemet-tarcinggenoy

Technology would solve the emission and particulate standards and the

diesel engine will be a significant percentage of the market.

Diesel fuel oil will be made available by the refineries from crude oil or
synthetic process. The recent publications of both the American
Petroleum Institute and the Society of Automotive Engineers support
this assumption. Briefly stated, the present average production mix for
U. S. refineries is referred to by the ratio of 2.1 parts gasoline to 1 part
distillates. At this ratio, diesel fuel produced by U S. refineries equals
28,600,000 gallons a day. To make larger amounts of diesel fuel, it
would be necessary to expand certain processing units. At a ratio of
0.7, these additions could theoretically require a total of plant
investment $85 million. However, production of distillates would

increase by 75%.

Given the production mix of the scenario the U. S. car population of
1995 could consist of approximately 60% gasoline vehicles and 40%
diesel vehicles. This car population could be fueled by U. S. crude oil
refineries at an economically feasible production level of 0.7 parts

gasoline to 1 part distillate referred to previously.

RATH & STRONG
INCORPORATED



6.

There would be no serious alternative for the internal combustion
engine until 1990. The only serious alternate would be the birth of the

electric or hybrid electric car for cummuting purposes.

Our fundamental assumptions applying to all scenarios were:

1.

2.

4.

5.

6.

CAFE standard will increase by 1.5 mpg per year starting 1986 to reach
35 mpg in 1990 and 42 mpg in 1995.

Emission standards will be met by all engines in the scenario including

diesel engines.

Reconfiguration to FWD with downsizing would lead to a 28% to 39%

fuel economy improvement.

Diesel engines provide an increase of 15% to 20% in fuel economy over

a comparable gas engine.

Turbocharging improves performance without improving or penalizing

fuel economy.

GASAHOL will be used in limited applications--up to 10% by 1995.

C. Scenario Assumptionsfor Sompanies

S )
N
Scenario Assumptions for AMC

a. Renault cars will be weight reduced when U. S. production begins in
1983.

b. Pacer dropped in 1980.

c. 258 and 232 L -6 engines weight reduced in 1980.

\B
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d.

C.

f.

Eagle downsized in 1981.
Produce own 4-cylinder engines in 1983.
Fleet sales in 1985 as follows:
(1) 50% FWD Renault
30% 4WD

20% RWD

(2) 10% 6-cylinder gas engines
90% 4-cylinder gas engines

(3) 15% Turbocharges engines
Fleet sales in 1990 as follows:

(1) 85% FWD
15% 4WD

(2) 35% 4-cylinder diesel engines (Purchased from Renault)

65% 4-cylinder gas engines
(3) 25% Turbocharged engines
Fleet sales in 1995 as follows:

(1) 95% FWD
5% 4WD

(2) 90% 4-cylinder diesel engines
10% 4-cylinder gas engines

(3) 45% Turbacharged engines

RATH & STRONG
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2. Scenario Assumptions for Chrysler

a.

b.

Body Type

Stays in business.

Strategy parallels GM.

(1) AIll cars reconfigured to FWD on K line by 1983.

(2) Introduce commuter car in 1989.

First Year With FWD

80 81 82 83 84

FK MK

* Omni will use K car components beginning in 1985.

c.

d.

e.

Buy VW L-4 engines until 1981.

Import Mitsubishi cars and engines until 1984.

Produce own L-4 engine in 1982. (Mexico) (2.2)
Product L-4 engine. (Trenton, Michigan) (1.8)

Buy Peugeot L-4 diesel engine.

85

LK*
EK
RK

Produce own L-4 diesel engine in 1986 on a transfer line which will

be capable of producing both gasoline and diesel engines.

All cars will be weight reduced when they go to FWD.

RATH & STRONG
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i. Fleet sales for 1985 as follows:
(1) 100% FWD

(2) 75% 4-cylinder gas engines

25% 4-cylinder diesel engines
(3) 20% Turbocharged engines
jo  Fleet sales for 1990 as follows:

(1) 55% 4-cylinder gas engines
45% 4-cylinder diesel engines

(2) 20% Turbocharged engines
k. Fleet sales in 1995 as follows:

(1) 30% 4-cylinder gas engines
70% 4-cylinder diesel engines

(2) 20% Turbocharged engines

3. Scenario Assumptions for Ford

a. Improve CAFE by introducing and expanding the Escort to the car

lines.
First Year With FWD
1980 1981 1982 1983
Body Type HE F Hsp

Fiesta*

RATH & STRONG
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* Fiesta will be dropped as an import in 1981 and will begin production in

the U. S. using Escort components.

b. Proco is cancelled.

c. Import Toyo Kogyo 4-cylinder diesel 2.0L engines, beginning in
1984.

d. Import TC 6-cylinder diesel BMW-STEYR in 1984.

e. Fleet sales in 1985 as follows:

(1) 75% FWD
25% RWD

(2) 65% 4-cylinder gas engines
5% 4-cylinder diesel engines
15% 6-cylinder gas engines

15% 8-cylinder gas engines

(3) 20% Turbocharged engines

f. Fleet sales in 1990 as follows:

(1) 95% FWD
5% RWD

(2) 40% 4-cylinder gas engines
30% 4-cylinder diesel engines

30% 6-cylinder gas engines

(3) 20% Turbocharged engines

RATH & STRONG
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g. Fleet sales in 1995 as follows:
(1) 100% FWD
(2) 50% 4-cylinder gas engines
45% 4-cylinder diesel engines
5% 6-cylinder gas engines

(3) 20% Turbocharged engines

4. Scenario Assumptions for GM

a. Improve CAFE by expanding the X line.

First Year With FWD

80 81 82 83 84 85 86
Body Type X JX AX BX TX YX
CX AspX FX
P EX
KX

(1) Accelerate FWD program so that all cars are FWD by 1986.

(2) Reduce period between downsizing and FWD from seven to

five years.

(3) Introduce a two-seat S Car (commuter) by 1983.

b. 1986 would be the first year with all front-wheel drives.

This, in our opinion, represented the greatest opportunity for GM to

capitalize on engine, transmissions; and FWD commonality.

RATH & STRONG
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c.

d.

€.

An electric vehicle will be introduced in 1985 with an MPG credit
of 185 MPG. The GM forecast is to produce 200,000 EV by 1990.

4-cylinder engines were optimized rather than diesels and 6-

cylinder engines.

CAFE would be 27.5 MPG in 1985, 35.0 MPG in 1990, and 42.5 MPG
in 1995.

Fleet sales in 1985 as follows:

(1) 50% 4-cylinder gas engine (1984-3-cylinder-1.5L-gas engine)
10% 4-cylinder diesel engine (1984-V5-2.7L-diesel engine)
15% 6-cylinder gas engine
20% 6-cylinder diesel engine

5% 8-cylinder diesel engine
(2) 17% Turbocharged engine
Fleet sales for 1990 as follows:
(1) 46% 4-cylinder gas engine - 3 cylinder gas engine
40% 4-cylinder diesel engine
10% Vé6-cylinder diesel engine - V5-cylinder diesel engine
4% Electric Vehicles
(2) 22% Turbocharged engines
Fleet sales in 1995 as follows:
(1) 37% 4-cylinder gas engine - 3-cylinder gas engine
50% 4-cylinder diesel engine
5% Vé6-cylinder diesel engine - V5-cylinder diesel engine

8% Electric Vehicles

(2) 15% Turbocharged engines

RATH & STRONG
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5.

Scenario Assumptions for Honda

a. Cars will be built eventually in the U. S.

b. Produce or buy diesel engines.
c. Fleet sales for 1985 as follows:
(1) 100% FWD
(2) 100% 4-cylinder gas engines
(3) 15% Turbocharged engines
d. Fleet sales in 1990 as follows:

(1) 70% 4-cylinder gas engines
30% 4-cylinder diesel engines

(2) 20% Turbocharged engines
e. Fleet sales in 1995 as follows:

(1) 30% 4-cylinder gas engines
70% 4-cylinder diesel engines

(2) 20% Turbocharged engines

Scenario Assumptions for VW

a. Cars will eventually be U. S. built except engines will be imported.

b. Rabbit will be redesigned in 1984.

c. Bus get diesel engine in 1985.

RATH & STRONG
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d.

e.

Fleet sales in 1985 as follows:

(1) 95% FWD
5% RWD (Bus)

(2) 30% 4-cylinder gas engines
70% 4-cylinder diesel engines

(3) 20% Turbocharged engines

Fleet sales in 1990 as follows:

(1) 100% FWD

(2) 15% 4-cylinder gas engines
85% 4-cylinder diesel engines

(3) 20% Turbocharged engines

Fleet sales in 1995 as follows:

(1) 5% 4-cylinder gas engines
95% 4-cylinder diesel engines

(2) 20% Turbocharged engines

RATH & STRONG
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VEHICLE PRODUCTION SCENARIO
BY ENGINE SIZE
AMC

LAST UPDATE 12-18-80
(UNITS X 1000}

CAFE STANDARDS CAFE PROJECTIONS
20 22 24 26 27 27.5 29 30.5 32 33.5 35 36.5 38 39.5 41 42.5

ENG CID L BD TR DR MPG 79 80 81 82 83 B84 85 86 87 a8 89 90 9t 92 93 94 95
L-4 70 1.1 Rt M F 35 o 0 o o 0 0 1)) 10 25 30 50 55 55 40 25 15 o)
L-4 78 1.3 R2 A F 3t 20 30 40 50 o 0 1)) o 0 1)) (o) o 0 o 0 0 0
L-4 78 1.3 R2 A F 32 0 0o 0 V) 60 60 60 60 60 60 60 50 40 30 25 15 10
L-4 78 1.3 R3 A F 32 (o) 0 ) 0 60 60 60 60 60 60 GO 50 40 30 25 15 10
L-4 19 1.8 R3 A F 24 3 10 50 50 0] 0 o o) o o 0 0o 0 10 o o (0]
L-4 129 2.0 AX A R 26 23 0 0 0 0 0 O 0 0 O 0 0O 0 O 0O (o] 0]
L-4° 121 2.0 H A R 25 31 o) (] (0] 0 o o 0o 0 0 0 (o) ) 0 0 &) o
L-4 15¢ 2.5 E A 4 24 0 o 10 27 (o) o 0] (o) o 0 0 0 0 0) 0 0 (o)
L-4 151 2.5 H A R 25 0 51 51 58 o) o o 0 o0 0] (o) o) o Q (o) 0 o
L-4 140 2.3 E A 4 25 0 0 0 o 27 37 47 27 17 10 o o 0 o G o) 0
L-4 140 2.3 H A R 26 o) 0 0 o 58 58 58 48 18 5 0 0 0] o) 0 0 o
L-4T7 78 1.3 R2 A F 32 0 o o 0 0 10 10 10 15 15 15 15 0 ) o 0 o
L-4T 78 1.3 R3 A F 32 &) o o) o 0 10 10 10 20 20 20 20 o o o 0 o
L-4T 140 2.3 E A 4 25 0) 0 o) (o] 10 10 10 20 20 10 (o) o) o 0 o o o
L-4T 140 2.3 H A R 26 o &) 0 0 (0] 10 10 10 10 5 0 0 o 0 o) o 0
L-4D 70 1.1 Rt M F 44 0 ¢ o) o 0 o o) 0: o 15 20 30 55 80 95 110 127
L-4D 140 2.3 € A 4 34 0 o) 0] 0 0o 0 ) 30 40 30 30 25 15 15 10 10 10
L-4TD 70 1.t Rt M F 44 0 (o) 0 o o 0 0] 0 0o 15 20 30 65 80 95 110 128
L-47D 140 2.3 E A 4 31 (o] o (o) 0 0 0 0 0 o 10 10 10 16 10 10 10 0
L-6 232 3.8 AX A R 23 64 0 0 0 0 0 0 0 o 0 0 o 0 0 0 0
L-6 232 3.8 € A 4 2% 0 (o) 33 25 20 15 10 o o (o) (&) o 0 0o o 0 0
L-6 232 3.8 H A R 23 97 0 (&) 0 0 0 0 0 0] 0 0o 0] 0 0 0 ¢ 0
L-6 232 3.8 H A R 24 0 (0] 30 25 15 0 0 0 o) (0] o 0] 0/ o o o) o)
L-6 232 3.8 P A R 22 38 0 0] 0] o 0 0 0 0 o o (¢] 0 0 0 0 (0]
L-6 258 4.2 E A 4 20 0 74 34 25 20 15 10 0 1) o) 0 0 o 0o 0 0 o]
L-6 258 4.2 H A R 23 o 117 37 25 15 0 0 0 (o) o 0 0 0 0 o 0 0
L-6 258 4.2 P A R 22 o 3 o 0 ) o) 0 (o) 0 0 (o) 0o (o) o) o) 0 &)
v-8 304 5.0 AX A R 16 6 0 o 0 0] (0] 0] 0 (o) 0 0] o) o) o (0] 0 &)
v-8 304 5.0 P A R 16 3 ] o) o ) 0 ) &) o) o 0 0 0] 0 0] o 0

TOTAL: 285 285 285 285 285 285 285 285 285 285 285 285 285 285 285 285 285
AX-SPIRIT
E -EAGLE
H -CONCORD
P -PACER
R{1-COMMUTER CAR
R2-LE CAR

R3-R18



VEHICLE PRODUCTION SCENARIO
BY ENGINE SIZE
CHRYSLER

LAST UPDATE 12-18-80
(UNITS X1000)

CAFE STANDARDS CAFE PROJECTIONS

20 22 24 26 27 27.5 29 30.5 32 33.5 35 36.5 38 39.5 41 42.5

ENG CID L BD TR DR MPG 79 80 81 82 a3 84 85 86 87 1] 89 90 91 92 93 94 95
L-4 86 1.4 LK, A F 37 (] o (o) 0 o 0] o 15 20 25 25 25 35 35 30 25 15
L-4 86 1.4 Mt M F 37 28 28 28 28 28 28 0 o o o o o o o 0 0 (0]
L-4 86 1.4 S A F 40 (] 0 0 o o 0] 0 0 o 0 15 20 40 50 65 55 40
L-4 88 1.6 M1 M F 32 28 28 28 28 28 28 V) o (] o (&) 0 0 0 0 0 (¢
L-4 98 1.6 M2 M R 31 8 8 8 8 8 8 0 0 ] 1)) o) 0 0 0 0 0 0
L-4 98 1.6 M3 M R 319 10 10 10 10 10 10 o o o 0 &) o 0 0 L)) o o
L-4 104 1.7 L A F 27 186 186 70 o o) o 0 0] 0 0] 0 0] 0 0 o 0 ¢
L-4 10 1.8 L A Ff 31 0] o 0 70 70 70 0 0 0 o) (o) 10 o 1)) 0 0 0
L-4 110 t.8 Ltk A F 237 0 o 0 0 0 0 70 50 50 50 40 35 35 35 30 25 15
L-4 135 2.2 FK A F 31 0 0 180 200 200 200 150 100 80 75 60 SO 50 S0 45 40 30
L-4 135 2.2 LK A F 31 0 o o 0 4] 0 20 20 20 20 20 20 20 20 10 10 10
L-4 135 2.2 MK A F 3 0 0 0 o 40 40 50 %0 40 30 25 25 20 20 10 10 10
L-4 135 2.2 RK A F 34 ¢ 0 0 0 40 40 S0 SO 40 30 2S 25 20 20 10 10 10
L-4 156 2.6 M2 A R 25 8 8 8 8 8 8 0 0 0 0 0] o) 1)) 0 0 0 (0]
L-4 156 2.6 M3 A R 25 10 10 10 10 10 10 o 0 (o) 0 (o) 0 (o] 0 0 o o)
L-4 156 2.6 FK A F 27 o) 0 197 200 200 200 150 100 75 60 60 50 25 10 10 10 0
L-4 156 2.6 LK A F 27 0] 0] 0 0] o 0 20 20 20 20 20 20 10 o ¢ 0 o)
L-4 156 2.6 MK A F 27 o 0 0 o 40 40 50 50 40 30 25 25 10 0 1)) o 0
L-4 156 2.6 RK A F 27 0] 0 o o 40 40 50 50 40 30 25 2% 10 0 0 o 0
L-4T 86 1.4 LK A F 37 0 0 o 0 o 0 o o o o 10 15 25 25 25 20 10
L-47 86 1.4 S A F 40 o o o) 0 (o) 0 0 o o 0 10 15 25 35 45 45 45
L-4T 110 t.8 FK A F 36 0 o o 0] o o 20 25 25 30 30 30 35 40 40 35 30
L-4T 110 1.8 LK A F 237 o o 0 o) 0 0 0] o (o) 15 15 20 25 30 30 20 15
L-4T 110 1.8 MK A F 35 0 o 0 0 0 0 15 20 20 20 20 20 25 30 30 20 15
L-4T 110 1t.B RK A F 235 0 0 0 0 18 18 i8 20 20 20 20 20 25 30 30 20 15
L-4T 135 2.2 FK A F 31 0 0 0 o o 0 20 25 25 30 30 30 30 20 20 15 10
L-47 135 2.2 LK A F 31 0 0 0 0 0 0 0 15 20 20 20 20 15 10 0] 0 0
L-4T 135 2.2 MK A F 3 0] ) 0 (o) 0 0 15 20 20 20 20 20 15 10 0 0 0
L-4T 135 2.2 RK A F 31 0 0] 0 0] 0 (¢ 15 20 20 20 20 20 15 10 0 o o)
L-4D 86 1.4 LK A F 50 o) 0] o o 0 o 0 0] o 0 10 15 25 40 S0 70 100
L-40 86 1.4 S A F 52 0 0] 0] o 0 ¢ 0 0] o) o 0 15 25 40 50 70 100
L-4D 116 1.9 FK A F 41 0 0 0 89 150 150 129 75 75 75 65 45 35 20 20 20 20
L-4D 116 1.9 LK A F 4t o 0 0] 0 o o o 15 20 25 25 20 10 0 0 0 0
L-4D 116 1t . 9 MK A F 41 (0] 0 0 0 0 o 15 25 30 30 25 20 10 0 o 0 o)
L-40 116 t.9 RK A F 49 o 0 o) o o o 15 25 30 30 25 20 10 0 o ) 0o
L-4D 135 2.2 FK A F 40 o 0 0 0 o 0 o 25 30 40 40 45 55 55 55 S0 50
L-4D 135 2.2 LK A F 40 o o o o o 0 o 10 20 25 25 30 40 10 45 40 30
L-4D 135 2.2 MK A F 40 o 0 o) o . 0 0 0 10 20 20 25 30 40 40 45 40 30
L-4D 135 2.2 RK A F 40 o o (o) o 0 o 0 10 20 20 25 30 40 40 45 40 30
L-4TD 86 1.4 tK A F 50 0 o o 0 0 0 (8] (0] (0] ) 10 15 25 40 50 70 100
L-4TD 86 1.4 S A F 52 0 0 0 ) ) (0] o 0] 0 O (o) 15 25 40 50 70 100
L-4TD 146 1.9 FK A F 419 0 0 o 0 60 60 60 40 40 10 40 20 10 o 0 (] o
L-4TD 116 1.9 LK A F 4 (0] 0 0 0 0 0 o 10 15 15 10 10 o (o) 0] o 0
L-4Tq 116 1.9 MK A F 41 o) 0 0 0] 0 o o 10 15 15 10 10 0 o 0] 0] 0
! -ATD 116 1.9 RK A F 41 0 0 o 0 0 0. 0 10 15 15 10 10 0 0 0 0 0



L-4TD 135 2.2 FK
L-4TD 135 2.2 LK
L-47TD 135 2.2 MK
L-4TD 135 2.2 RK
L-6 225 3.7 CR
L-6 225 3.7 E
L-6 225 3.7 F
L-6 225 3.7 M
v-8 318 5.0 CR
v-8 318 5.0 E
v-8 318 5.0 F
V-8 318 5.0 M
v-8 318 5.0 Y
v-8 360 5.9 E
C -NEWPORT

E -MAGNUM

F -ASPEN

L -OMNI

M -DIPLOMAT
M1{-CHAMP

M2 - ARROW
M3-SAPPARO

R -NEW YORKER
S -COMMUTER CAR
Y -IMPERIAL

B BB B B B B EE B B B ES

36

36
40

20
20
20
18
18
18
18
19
13

VDIV ARDINTAN Y
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VEHICLE PRODUCTION SCENARIOD
BY ENGINE SIZE
FORD

LAST UPDATE 12-1B-80
(UNITS X1000)

CAFE STANDARDS CAFE PROJECTIONS

20 22 24 26 27 27.5 29 30.5 32 33.5 35 36.5 38 39.5 41 42.5

79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95
o O 29 34 161 185 215 205 195 155 140 100 100 100 100 100 100
0 o O 144 120 150 155 150 135 95 75 75 75 715 715 15 75

58 86 144 o o 0 o o 0o 0 0 o o o 0 o o
o 0O 29 129 273 315 335 325 265 225 225 125 125 125 125 75 25

28 204 229 o o o o o 0 0 o o o o o o o
0 0 0 303 294 276 276 271 146 o o o o o 0o o o
o O 144 144 68 0 o 0 o o o 0 o 0o o o o

109 109 o o o o 0 0 o o o 0 0 0 0 o o

118 173 173 o 0 o 0 o o 0 0 0 o o o o 0
0 0 O 74 75 90 100 110 120 160 175 175 175 175 175 175 175
0 o 0 O 24 35 45 50 65 105 125 125 125 125 125 125 125
0 0 O 87 95 110 115 125 135 175 175 175 175 175 175 175 17§
0 45 86 o o o 0 o o 0 o o 0 o o o o

29 58 115 o o 0 o o 0 0 o o o o 0 o )
0 0 O 120 130 145 145 150 - 150 ) o 0 0 0 0 0 0
0 o 0 o o 0 o 0O' S0 75 89 B85 105 95 85 75 75
o o ) o 0 o o O 75 75 80 70 SO 9 80 70 70
o o o o O 70 55 50 40 25 25 69 69 69 €9 69 69
o 0 o o o o 0 0 o © 20 30 SO 60 70 BO 80
o o 0o o o o 0 o o O 20 30 50 60 70 80 80
o o o o 0 O 15 20 30 SO S0 65 65 65 65 65 65
0 o o 0 ) o 0 O S0 75 75 100 180 230 230 280 330
o o 0 o o 0 0 0 0 100 181 266 266 271 3