Appendix 1

Test Fuel Properties



?@‘& DIXIE SERVICES INCORPORATED
\% POSY OFFCE 8Q% 251 GALEND FARD TEXAS TTST
o

TIZHIR e FACSEALE, 73 BIE 6UR

CERTIFICATE OF ANALYSIS Nurmber: 93770

Clent: The adept Group. Inc.. Date: May 4, 1998
£575 Westwood Boulevard. Suite 200 '
Los Angeles, California 90024

Attention; Alex Spataru
Sampler  Liquified petroleum gas. submitted 4-15-9%

Origin: Aeriform
Marks: Listed below

Cyl. #RC3193, 19,99 % n-Butane., 31.83 X Propylene,
76.18 % Propane '

D 2598 Yapor pressure, 100 °F, (cale.) 149 psig
D 3A24s Suifur <1 ppm
. <0.1 graina/100 ft1
UoP 619 Fluaride 0.1 ppm
D 1837 Volatile tesidue, .
Tewmpesrature @ 95 %X svaporation +1¢.3 ap
D 2158 Residual matter
Residue an evaporation <(.05 =L
Oil stain Pass (C.3 aL)
D 1838 Copper corrosion 1A
D 2713 Moisture Pass
¥olume X
D 2163 Ethane 0.64
Propane 76.12
Propylere 3.71
laobutene 0.18

n-Butane 19.93

Cyl. #5600011. 5.02 % n-Butane, 10.02 X Prapylene.
84.96 %X Propane .

D 2598 Vapor praessure, 100 oF, {(ecalc.) 172 psig

0 32146 Sulfur <1 ppm
<3.1 grains/100 ft?
UOP 619 Fluoride - 0.6 ppm
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Certificute of analysia No. 93770 Page 2
May 4., 1598

D 1837 Yoclatile residue.

Temparature @& %5 % evaporation ~29.0 oF
D 2158 Residyal matter
Residue on evaporatiaon <0.05 mL
01l stain Pass (0.3 mlL)
D 1838 Capper corrosion 1A
D 2713 Moisture Pasa
Volume %
D 2163 Ethane .05
Bropane 85.26
Propylene 9.53
Isobutane 0.24
n-Butane 4.87

Cyl. #£3600902. 1.913 % n-Butane, 3.839 % Propylene.
94.248 X Propans ’

D 2598 Yapor pressure, 100 °F, {calc.) 174 psig

D 3246 Sulfur <1 pom

<0.1! grains/100 ft?d

UOR 619 Fluoeride <D.1 ppm

D 1837 Yolatile residue, 7

Temperature & 95 %X evaporation -38.9 °F
P 2158 Residunl matter : :
Residue on evaporation <0.05 wmL -
0il stain Pass (0.3 ml}
D 1838 Copper corrosion 1A - ‘
D 2713 Moisture Pas3
Volume %

D 2163 Ethane 0.02
Propane 94,08
Propylene 3,73
Iscbutane 0.29
n—-Butane 1,91

Cyl. #PHS2706. 10.01 X n-Butane, 10.02 % Propylene,
79.97 ¥ Propane .

D 2593 Vapar pressure, 100 °F, {cale.) 165 psrg
D J2458 Sulfur <l ppm -

) «<D.1 grains/10¢ fe3
UQP 619 Fluoride 0.9 pum.

B 1837 Volatile residue,
Temperature @ 93 % evapovarion -6.7 °F



Certificarte of Anolysis No.
1998

May 4,

0D 2158

1838
2713

oo

D 2163

D 21598
D 3246

UoP 619
B 1837

D 2158

1828
2713

oo

D 2163

D 2598
D 3246

UoP 619
D 1837

D 2158

§177¢Q

Residunal matter
Residue on evaporation
0oil stain
Copper corrosion
Moisture

Ethane
Prapane
Propylane
Isobutane
n-Butene

<0.05 mL

. Pass (4.3 mb)

1A
Psas

Volume %
0.04
80.02
9.79
a.17
g9.98

Cyl. #5600068. 5.0069 % n-Butane, 15.01 % Propylene,
79.984 X Propane ) '
vepor pressurs, 100 *F, {(calc.,} 174 psig
Sulfur <1 ppm
<0.1 graina/lo0 Tt3
Fluoride 0.2 ppm
Voiatile residue,
Temperature @ 9535 % evaporation -30.Q »F
Residual matter '
Residue on evaporation <0 .05 =L
0Oil stain Pass (0.3 mL)
Copper corrosion 1A
Moisture Pass
Volome %
Ethane 0.0S5
Propane 80.23
Proprylene 14.60
Isobutane 0.15%
n~Butane 4.97
Cyl. #560023%, 1.908 % n-Butane. 3.833 X Propvlene
94 .287 X Propane .
Vapor pressure, 100 °F, {cale.)} 174 psiz
Sulfur <l ppm :
<Q.1 grains/1Q0 ft?
Flaaride 0.1 ppm
Volatile residue. :
Temperature @ 95 X evaporstion ~38.2 &F
Residual matter ' .
Residue an evaporacion <Q,05 wmbL

Oil stain

Paas (0.3 mL]:



Certificate of Analvsis No. $37790

May 4,

D 1838
P 2711

D 2163

JCP/m¥f

1998

Caopper cocrosion

Moisture

Ethane
Propene
Propylene
Iscbutane
n-Butane

Page ¢

la
Pass’

Vojume X
0.02

91.07
3.72
Q.29
1.90

ie Services incorporated.



0CT-19-1998 13:37 SHIPPING CLERKS

fé%i Certificate of Analysis

g

PHILLIPS CHEMICAL COMPANY

A CIVISHIN OF #wiLLIPS PETAOI FTIM FOMPANY

SFEUIAL Y CHEMWCALS
P.0. BOX 988
BORGER, TX 7000§-0s68

Bo6 275 2144 . Yb b

CUSTOMER : AbEYY
BLEND NO.: 24~aA-07-98 REQUISITION: HE835 R/
CYLINDER NO.: CS=-175%712 QUANTITY: 102.86 LBS.
BLEND PRESSURE: 122.027
REQUESTED GRAVIMETRIC
COMPOSTTION COMPOSITION
COMPONENTS L..VoT, & MOL% WTS L.VOLY
PROPANE 8s 84.92 84,17 85.04
N=-BUTANE 5 4.36 5.69 5.00
PROPYLENE 10 10.72 10.14 9.96
TOTAL 100 1U0.00 100.00 100.00

ALL BLENDS ARE REPORTED IV GRAVIMETRIC ANALYELS

WITE CHRRQMATOGRAPHIC VERIFICATIUN.

ECALES CERTIFTED WITH WEIGHTS TRACEABLE 10 N,L.$.T. SUNADARDS.

DCD:7-24-D8

“JOTAL P.26



&5 | Certificate of Analysis

PHILLIPS CHEMICAL COMPANY
ADIVIZION G FULLIPE PETROLEUM COMPANY

SPEC/ALTY CHOMICALS

P.0. 80X BEE

RORGER, TX 73003085

CUSTOMER : ADNRPT
BLEND NO.: 24=-C-7-98 REQUISITION:
CYLINDER NO.: €5-173849 QUANTITY: 102.86 LBS.
BLEND PREBEURE: 128.104
REQUESTED CRAVIMETRIC
COCMPOSITION COMUVELLLION
COMPONENTE L.VOL % MOL3 WTE L.VOlR
PROPANE 77 75.98 76.43 77.08
N=-BUTANX 1.6 1.38 1.83 1.60
PROPYLENE 21.4 22.64 21.74 21.32
TQTAL 1Q0 100.09 1Q4.00 100.00Q
ALL BLENDS ARE REPORTED TN GRAVIMETRIC ANATYSTS
WITH CHROMATOGRAPHIC VERIPICATTON.
SCALEE CERTIFIED WITH WZIGHTS TRACEADLE TO N.I.S.T. STANDARDS.

DGD:7~31~58

LM NN OL 0



Appendix 2

Test Parameters



Test Parameters

Project Number: 219801
Test Cell Number: 1

Test Engineer: Manfred Ochsner, MSCD

Project Engineer:; Tony Brasil, SSD

Tests: 20 FTPs with spectation for HC and Carbonyls double bags for HC
speciation

Fuel: 6 LPG fuels, fueling off-board

Vehicle: Bi-fuel Ford F-150, ETW 5500 Ibs.

LPG Capacity: 30 gallons

Certification: 98 MY, MDV 2, 49 state engine family WEMXT03 4581

CVSs: 350 cfm with heated mixing tee

Baliast: none required

Target Coeft.: a=52.99, b=0, c=0.03855

Coast Down: 16.02 sec. (twin roll dyno)

Horsepower: 15.6 (twin roll dyno)

Prep: double LA 4 cycle

AC Load: 10% added to c-term

Tire Pressure: 33 psi for single roll dyno

Canister Volume: 2.8 liter, purge off-board after each test because on-board purge algorithm
is disabled.

Gasoline Capacity: 25 gallons, drain gasoline tank before first test

Note: LPG must be supplied to engine in liquid form but since bottles feed from the bottom there
should be no problem.
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Test Schedule



Test Schedule

Test # LFueI TTest Date rTest Status wotes

1CH Base Fuel 5/27/98 Invalid Wrong dyno. coefficient
1C2 Base Fuel 5/28/98 Invalid Wrong dyne. coefficient
1C3 Test Fuel 1 5/29/98 Invalid Wrong dyno. coefficient
1C4 Test Fuel 1 6/2/98 Invalid Wrong dyno. coefficient
1C5 Test Fuel 2 6/3/98 Invalid Wrong dyno. coefficient
1C6 Test Fuel 2 6/4/98 Invalid Wrong dyno. coefficient
1C7 Test Fuel 3 6/5/98 Invalid Wrong dyno. coefficient
1C8 Base Fuel 6/16/98 OK

1C9 Base Fuel 6/17/98 OK

I1C10 Test Fuel 1 6/23/98 Abort Power out

1C16 Test Fuel 1 7/1/98 OK

1C11 Test Fuel 2 7/2/98 OK

1C12 Test Fuel 2 7/3/98 OK

1C13 Test Fuel 1 7/7/98 OK

1Cl14 Test Fuel 3 7/14/98 Abort Computer failure

1C14 Test Fuel 3 7/15/98 OK

1C15 Test Fuel 3 7/16/98 OK

1Cl6 Test Fuel 4 7/17/98 Cancelled

1C16 Test Fuel 4 7/24/98 OK

1C17 Test Fuel 4 7/28/98 OK

1C18 Base Fuel 7/30/98 OK

1C19 Base Fuel 7/31/98 Abort

1C19 Base Fuel 8/5/98 oK

1C20 Test Fuel 1* 8/12/98 OK

1C21 Test Fuel 3 8/26/98 OK

1C22 Test Fuel 4 8/27/98 OK

1C23 Test Fuel 5 8/28/98 OK

1C24 Test Fuel 5 9/4/98 OK

1C25 Base Fuel 9/16/98 OK

1C26 Base Fuel 9/23/98 0K

1C27 Test Fuel 5 9/25/98 OK

* From second batch of fuel.




Appendix 4

Emissions Test Results



Emissions Test Results
Ford F-150 Bi-Fuel Pickup

Test Fuel ID Odometer THC CO NOx NMOG Ozone CQO2 Fuel Econ.

Date miles gmi  g/mi  g/mi g/mi g/mi  g/mi mpg
6/16/98 Base 6699 0.057 2.064 0.031 0.036 0.047 540 10.6
6/17/98 Base 6739 0.047 1.714 0.028 0.029 0.037 544 10.6
7/30/98 Base 7197 0.045 1.114 0.055 0.033 0.040 554 104
8/5/98 Base 7278 0.053 2071 0.045 0.034 0.043 564 10.2
9/16/98 Base 7533 0.066 3.105 0.045 0.044 0.073 355 10.3
9/23/98 Base 7572 0.061 2.101 0.034 0.041 0.049 551 10.4

Average 0.055 2.028 0.040 0.035 0.048 551 16.4
7/1/98 Fuel 1 6821 0.047 1.324 0.044 0.032 0.047 556 104
7/7/98 Fuel 1 6936 0.049 2340 0.033 0.026 0.040 561 10.3
8/12/98 Fuel 1 7329 0.054 2.465 0.035 0.045 0.061 554 10.5

Average 0.050 2.043 0.037 0.035 0.050 557 10.4
7/2/98 Fuel 2 6861 0.060 2.002 0.048 0.041 0.062 557 10.4
7/3/98 Fuel 2 6904 0.054 2.148 0.038 0.036 ©6.073 557 10.4

Average 0.057 2.075 0.043 0.038 0.068 557 10.4
7/15/98 Fuel 3 7012 0.045 0.994 0.048 0.030 0.047 556 10.5
7/16/98 Fuel 3 7052 0.060 1.990 0.044 0.040 0.059 556 10.5
8/26/98 Fuel 3 7370 0.051 1.751 0.060 0.035 0.057 566 10.3

Average 0.052 1578 0.051 0.035 0.054 559 10.4
7/24/98 Fuel 4 7116 0.080 3.507 0.044 0053 0.074 556 10.6
7/28/98 Fuel 4 7157 0.064 2603 0.021 0042 0.063 556 10.6
8/27/98 Fuel 4 7411 0.066 2214 0.056 0.047 0.063 553 10.7

Average 0.070 2.775 0.040 0.047 0.067 555 10.6
8/28/98 Fuel 5 7451 0.046 3.014 0.040 0.034 0059 552 10.5
9/4/98 Fuel 5 7492 0.031 1.143 0.066 0.027 0.059 546 10.7
9/25/98 Fuel 5 7613 0.048 2256 0.042 0.039 0.062 548 10.6

Average 0.042 2.138 0.050 0.033 0.060 549 10.6
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