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Emission Testing Services, Inc.

ETS is a services company that provides the facilities, personnel and equipment
for engine development, emissions testing, engine mapping, endurance and
performance testing of internal combustion engines.

Founded to fulfill the need for testing to meet CARB, USEPA, and ECE
standards, as well as engine dynamometer testing for performance, development
and endurance testing of internal combustion engines and component parts. ETS
uses the most modern equipment and approved protocols with highly qualified
and experienced personnel.

ETS is recognized by the California Air Resources Board (CARB) as an
independent test laboratory capable of conducting acceptable testing. ETS 1s
recognized by TUV Rheinland as an independent testing laboratory capable of
performing certification tests for Euro Standards.

Test Results
The results of the program are summarized in Table 1 of this report. The detailed
test data for all tests is provided in the Appendix.

This report consists of six pages including Table No. 1 "Composite Summary of
Results" and 16 pages of computer printout and related data. The project was
conducted under a written agreement which prohibits the use of data or any parts
of the report out of context or without specific advance written approval from
Emission Testing Services, Inc. The test report in its entirety may be duplicated or
used without this restriction.



Introduction

This report summarizes a heavy-duty diesel engine dynamometer test program conducted at
Emission Testing Services, Inc. (ETS) in Costa Mesa, California from January15th through
I8th, 2002. The program was designed to measure and compare exhaust emissions, fuel
consumption and particulate matter before and after installation of the Algae-X model 500 Fuel
Conditioning Device

Test Engine

One test diesel engine was selected by the client and supplied by ETS for this comparative test
program using the SAE J1003 13-mode steady-state test protocol.

Test Engine: 1988 Cummins
NTC 350
855 CI
350 HP @1800 RPM
Engine 1D # 11549038
CPL# 840

Device Description

The Algae-X Model 500 Fuel Conditioning device is a proprietary design purportedly
operating on a magnetic principle. The device was installed in the fuel line in series with the
fuel filter as prescribed in written instructions under supervision of the client.

Test Conditions and Procedures

The test engine was tested under standard conditions as outlined in the SAE J1003 test
protocol. This SAE test procedure is designed and accepted as a procedure that accurately
determines the levels of gaseous emissions, fuel consumption and particulate matter from
heavy-duty diesel engines. Its purpose is to provide a map of an engine’s emissions
characteristics which, through use of the proper weighting factors, can be used as an accurate
measure of that engine’s emission levels under various applications. The test protocol consists
of a prescribed sequence of engine operating conditions on an engine dynamometer with
measurements of fuel consumption, exhaust emissions and particulates during 13 separate
steady-state modes: five (5) modes at rated engine speed; five (5) modes at intermediate rated
speed; and three (3) modes at idle.



Engine Preparation

After completion of three baseline tests to assure the accuracy and repeatability of the baseline
data, the Algae-X device was installed in accordance with the manufacturer’s written
installation instructions. Approximately one hour of run time was placed on the engine with the
device installed prior to conducting the post-installation tests to reach temperature equilibrium.

Test Fuel

The test fuel used for all tests conducted on the subject product was an industry recognized,
certified and controlled D-2 fuel as specified by the California Air Resources Board (CARB).

Test Equipment

¢ SuperFlow Engine Dynamometer.
* Model SF-3100 rated 1500 HP
» (Serial Number 0012A955 T1300A-0035 3013 955 3-24-97)

e SuperFlow Advanced Test Console
* Item number ENG - |

Computerized Data Acquisition, Test Cycle Engine/Dyno control & Emissions

Calculation.

Sensor Box with 16 thermocouple channels, 10 pressure channels, 10 digital

channels.

Advanced Dyno Control & Instrumentation Electronics System with:

e Dual Motorola 68332 32 bit processors, 10mb flash memory,

data recording rates up to 5,000 Hz , live test cell video, 3 @ 17
inch monitors, 2 Hewlett Packard Pentium Computers, 2 Control
Modules, Engine Speed interface, Woodward Throttle
Controllers, SAE J1587/1708 ECM interface allowing
instrumentation system to monitor, record to disk and graph
ECM supplied data along with Dyno sensor data. Multi
frequency analog, volt and serial interfaces built .in. Ethernet
Interface with high speed network support / high speed internet
feed for live data monitoring of tests and live video monitoring
of tests to customers and regulators.

e Sierra Micro Dilution Test Stand System for Particulate Matter
=  Model BG-2 (Serial Number 1040)
Fully computerized Micro-Dilution system used to evaluate any size engine
for particulate emissions. Repeatable values that correlate with full dilution
systems over a wide variety of steady state conditions as defined by ISO
8178-4 or by CARB.



M & C Heated Gas Sample Probe
* Model SP2000-H
(Serial Number 5030/ 9726143)

Milton Roy Nondispersive Infrared CO & CO2 Gas Analyzer
*  Model 3400 (Serial Number N1H4794T)

J.U.M. Engineering Heated Flame Ionization Total Hydrocarbon Analyzer
* Model VE 7 (Serial Number 90150210)

Beckman Chemiluminescence NO / NOx Analyzer
*  Model 951 A (Serial Number 0101595)

Yokogawa Hybrid Recorder
* Model DR 240 (Serial Number 48JB0050)

Sierra Mass Flow Meter
* Model 600-V4-L4-M1 (Serial Number 15646)

A.N.D. Gram Fuel Scale (0.5g to 41Kg)
= Model HP40K (Serial Number 13006043)
*  Model HP40K (Serial Number 3901933)

A.N.D. Particulate Filter Scale (0.0001g to 40g)
*  Model FX40 (Serial Number 5702346)

Rotronic Relative Humidity & Temperature Sensor
* Model HT 225D (Serial Number 26059)
* Model HT 225D (Serial Number 25517)

Sensym NGE Barometric Pressure Measurement
= Model 720 (Serial Number SDX15A2)
Calibrated daily to Airport Flight Information 4 miles from facility.

Technical Heaters, Inc. Heated Sample Lines
*  Model LP212-6-30
*  Model LP212-6-60
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Emission TesTING SERVICES Inc.

Appendix

Prepared Exclusively For:

ALGAE-X International
1661 Estero Blvd. 18-19
Fort Myers Beach, FL 33932

941-463-0607

Telephone:
941-463-7855

Fax:

January 2§, 2002
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WT. FAC Mode

% No
6.67 1
8.00 2
B.00 3
B8.00 4
8.00 5
8.00 6
6.67 7
8.00 8
8.00 g
8.00 10
8.00 11
8.00 12
6.67 13

PARTIC. WT, MG =

EngSpd
RPM

699.8
1326.3
13334
12981
1320.7
1300.6

690.2
18245
1788.7
1821.8
1804.1
1796 9

7032

HC

79.24
66.24
28.40
22.50
2495
31.80
87.01
48.00
26.58
37.81
36.26
93.85
76.66

Algae-X Baseline 1

PART. SAMPLE VOL. STD LITERS =

WTD AVG BHP =
WTD AVG GM/H =
AVG GM/BHPH =

AVG GM/KWH =

EPA STD, GM/BHPH:

OPACITY

1/25/2002 9:38

130.36

4950

038

0.51

13

DynTrq  EngPwr

Ib-ft Hp
37.4 5.0
2486 8.3
2432 61.7
600.3 148 .4
840.0 2116
12144 300.7
385 51
1022.6 3552
766.2 261.0
510.7 177.2
257.7 885
185 6.3
39.0 52
GRAMS/HOUR-———
co KNOX
B2.43 18.89
115.96 50.52
75.41 254 54
95.21 713.04
117.38 134158
164,99 2403.41
93.70 24.91
13763 2281.22
9188 1013.09
134.39 870.09
111.44 386.82
185,07 8561
83.38 21.71
51
166.05

KWH =

11597 756.38
0.89 580
1.19 7.78
155 4

HC FID
ppm

305.64
202.06
99.75
74.44
69.69
71.15
292.55
72.44
63.24
69.22
83.81
226.45
28833

8.30

02
%

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
Q.00

PARTC = 0.030714 MG/SL

cQo2 co NOx
% ppm ppm
1.40 158.19 20.82
1.98 182.05 44.48
386 13175 26255
6.71 15668 71487
7.79 163.14 115660
8.66 18485 1701.32
1.41 156.75 23.86
6.90 103.32 1060.43
6.30 108.75 743.08
550 12239 486.40
399 12815 267.50
220 221892 60.16
1.40 156.01 23.35
FUEL EXHAUST

3720 336865

_ 6570 680415

10880 931989

20180 1102158

27750 1179765

38280 1384875

4290 351693

45480 2703863

26340 1601172

29910 966100

17220 1081202

9240 915031

3810 223119

AVG HUMID =

97 21

19345 1065304

148 40

199.00

25.27
0.19

0.26

01

FUEL RT
GM/MIN

62
109.5
183
336.5
462.5
638
715
758
439
488.5
287
154
63.5

AirMas
scfm

160.8
330.1
4445
5222
556.0

167.7
12831
760.1
4519
5136
437.2
105.9
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Emission TesTing SERVICES Inc.

General Test Information

Date: 01/12/2002
Start Time of test: 3:48 p.m.

End Time of test: 8:11 p.m.

Test number: I3MALGX001

Engine — system combination: _
Cummins, 855 Cl, 4 stroke turbo charged, intercooled diesel engine.

Engine identification number:
*11549038

Number of hours of operation accumulated on engine prior to beginning warm-up
portion of test: 282:00

Fuel identification: EPA #2 Diesel Fuel

Test Cycle: US EPA 13 Mode

/
Manager, Technical Services Mark Adajr l L
;‘? | /
ﬂ’f oA

Signature >/
Date ¢’ [/ 25 / o

Data & Calculations Review Donel R. Olson, Olson Engineering, Inc.
Signature /{%M’g M
Date 0/;./ lcs-‘/aﬂ?_f

2011 B Placentia Ave. Costa Mesa, California 92627
Tel (949) 374-7342 Fax (949) 374-7341 E-matl costamesaa etsusa net
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Emission TesTING SERVICES Inc.

Engine Information

Engine — system combination:

Cummins, 855 CI, 4 stroke turbo charged, intercooled diesel engine.

Engine identification number:
11549038

Number of hours of operation accumulated on engine:
282:00

Rated maximum horsepower and torque speeds:
350 HP (@ 1800 RPM, Torque 1010 LBS,

Maximum horsepower and torgue speeds:
350 HP (@) 1800 RPM, Torque 1010 LBs.

Engine displacement: 855 CI
Governed Speed: 2,100 RPM N/L

Manufacturer’s start-up and warm-up reference:
EPA CFR 40 Standards

Curb-idle RPM: 700 RPM

Fuel consumption at maximum power & torque:
779 Grams per minute

Maximum air flow: 911 SCFM
Air inlet restriction: 20.0” H20 MAX
Exhaust pipe diameter: 5”

Maximum exhaust back pressure: 3.0 HG

Signature: 7//{/&\ L j’i : Date:

Mark Adair
Manager, Technical Services
Emission Testing Services, Inc.

2011 B Placentia Ave Costa Mesa, Cahiformia 92627

€/ /25

fes

Tel (9493 3T4-7342 Fax (949) 374-734 1 F-mml costamesa/a clsisa net
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6.67

PARTIC. WT, MG =

Mode

O~ 0O E W R -

W0~ bWk

10
11
12
13

EngSpd
RPM

703.8
12785
1296.0
13256

1307.4

693.8
1814.1
1787.5
1784.0
1806.5
1788.1

7029

HC

87.33
70.74
30.91
23.03
27.64
30.72
73.95
51.87
34.60
31.80
37.49
91.68
68.20

Algae-X Baseline 2

PART. SAMPLE VOL..STD LITERS =

WTD AVG BHP =
WTD AVG GWH =
AVG GM/BHPH =

AVG GM/KWH =

EPA STD, GM/BHPH:

130.82

49.74

0.38

0.51

1.3

DynTrq EngPwr

1b-ft Hp
3983 53
249 6.1
2287 56.2
6063 153.0
B80S 2253
1211.7 301.7
7.0 0.9
1025.5 354.2
765.7 2606
5141 174.6
256.0 88.0
282 9.5
7.9 11

GRAMS/HOUR———
co KNOX
97.18 24.03
126.67 52.55
79.95 251.80
93.68 735.03
127.54  1552.36
167.36  2567.98
B82.28 21.37
145.46  2350.90
117.99  1280.26
118.43 737.99
114.82 372.86
184.25 87.15
77.25 19.34
14.1
166.32

KWH =

119.03 803.43
091 6.14
1.22 8.24
15.5 4

* instrument error (data not included in averages)

1/25/2002 11:10

coz2 co NOx
% ppm ppm
1.40  158.30 22.69
200 179.21 42.89
3.81 13481  251.15
B8.75 153.40 739.98
7.95 164.45 1253.43
8.53 17597 1722.99
150 159.62 23.82
6.86 104.89 1055.30
630 110.68 747.28
554 12475  487.83
395 13085 256.60
2.33 220.50 61.45
150 158.23 22.80
FUEL EXHAUST

4350 292311

7110 627689

11220 687531

20400 853697

30540 998918

40140 1190705

3930 284584

47100 1874465

33240 1459486

25590 1122796

17180 932285

9780 788005

3720 281925

AVG HUMID =

97 .55 PARTC =
20185 900101

154.28

206.91

HC FID
ppm

287.72
201.18
104.76
75.79
71.63
64.93
288.37
75.18
65.24
68.49
86.03
220.55
280.80

7.68

o2
%

0.00

0.084776 MG/SL

58.92

045 ™

0.60

0.1

FUEL RT
GM/MIN

725
118.5
187
340
508
669
65.5
785
554
428.5

AirMas

138.0
2095
326.4
402.2
467.4
555.3
135.5
882.0

529.6
441.7
375.6
1343
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Emission TesTING SERVICES Inc.

General Test Information

Date: 01/12/2002
Start Time of test: 8:40 p.m.

End Time of test: 10:34 p.m.
Test number: 13MALGX002

Engine — system combination:
Cummins, 855 CI, 4 stroke turbo charged, intercooled diesel engine.

Engine identification number:
*11549038

Number of hours of operation accumulated on engine prior to beginning warm-up
portion of test: 286:23

Fuel identification: EPA #2 Diesel Fuel

Test Cycle: US EPA 13 Mode

Manager, Technical Services Mark Ad/ﬂir
L / 711 Iy & JZ '

Signature
Date €1 / % ‘5/ & Z

Data & Calculations Review Donel R. Olson, Olson Engineering, Inc.
Signature M% W
Date 0/ / Q\b

2011 B Placentia Ave. Costa Mesa. Califormia 92627
Tel (949) §74-7342 Fax (949) 574-7341 E-mail costamesald ctsusa. nel
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Emission TEsTING SERVICES Inc.
Engine Information

Engine — system combination:
Cummins, 855 CI, 4 stroke turbo charged, intercooled diesel engine.

Engine identification number:
11549038

Number of hours of operation accumulated on engine:
286:23

Rated maximum horsepower and torque speeds:
350 HpP @ 1800 RPM, Torque 1010 LBS.

Maximum horsepower and torque speeds:
350 HP @ 1800 RPM, Torque 1010 LBS,

Engine displacement: 855 CI
Governed Speed: . 2,100 rRPM N/L

Manufacturer’s start-up and warm-up reference:
EPA CFR 40 Standards

Curb-idle RPM: 700 RPM

Fuel consumption at maximum power & torque:
779 Grams per minute

Maximum air flow: 911 SCFM
Air inlet restriction: 20.0” H20 MAX
Exhaust pipe diameter: 5"

Maximum exhaust back pressure: 3.0 HG

Signature: //i/[L B ;’}‘) L Date: e f{/ 25/02

Mark Adair
Manager, Technical Services
Emission Testing Services, Inc.

2001 B Placentia Ave. Costa Mesa, Cahiformia 92627
Tel (949) 574-7342 Fax (949) 574-7341 E-matl costamesaa'elsusa net



Mode

1 1
3 2
M 3
A 4
L 5
G 6
X 7
0 8
0 9
3 10
11

12

13

WT. FAC Mode
% No

6.67 1
8.00 2
8.00 3
8.00 4
8.00 5
8.00 <]
6.67 7
8.00 8
8.00 9
8.00 10
8.00 1"
8.00 12
6.67 13

PARTIC. WT, MG =

EngSpd
RPM

691.5
1328.4
12922
12895
1340.2
13120

6923
1812.7
17902
1783.5
1789 4
18125

700.7

HC

67.00
59.81
31.44
23.90
26.48
33.73
83.36
52.85
37.12
33.90
39.55
108.42
77.95

Algae-X Baseline 3

PART. SAMPLE VOL. STD LITERS =

WTD AVG BHP =
WTD AVG GM/H =
AVG GM/BHPH =

AVG GM/KWH =

EPA STD, GM/BHPH:

OPACITY

1/25/2002 9:35

130.60

51.00

038

052

1.3

DynTrq  EngPwr

Ib-t Hp
203 26
249 6.3
2455 60.3
598.0 146.9
886.5 226.3
11973 2991
392 52
1022.4 3528
766.7 261.3
5131 174.3
2576 877
205 71
351 47
GRAMS/HOUR-—----
co KNOX
88.89 22.40
117.32 44.06
91.91 257.35
109.31 668.94
13828 131987
17501 2216.38
103.04 22.58
15434 2178.05
131,83 1252.85
127.35° 699.84
126.63 35392
227.53 62 .69
98.37 21.77
44
166 58

KWH =

131.32 728.77
1.01 558
1.35 7.48
155 4

HC FID
ppm

259.96
22092
100.66
76.26
72.91
75.90
285.04
78.84
67.85
72.71
89.87
269.81
27588

7.68

02 FUELRT
% GM/MIN
0.00 61.5
0.00 87
0.00 197.5
0.00 348.5
0.00 477
0.00 634
0.00 73
0.00 770
0.00 574
0.00 427
0.00 2855
0.00 145
0.00 67.5

PARTC = 0.026414 MG/SL

cOo2 (o8] NOx
% ppm  ppm
140 17158 2517
190 21560  47.23
3.80 146.42 243.60
670 17351 65218
792 18945 113430
860 19590 158270
146 17529 2210
6.93 114.54 1006.01
633 119.98 708.15
552 135.89 459.63
390 14315 240.94
213 28171 4549
1.40 173.21 22.04
FUEL EXHAUST

3690 384619

5220 805462

11850 833978

20010 1036808

28620 883633

38040 995212

4380 277180

46200 1643859

34440 1530185

25620 1223290

17130 1001612

B7V00 B96466

4050 321770

AVG HUMID =

97.38

19746 933612

151.20
202.76

19.04

0.15

0.20

0.1

AirMas
scfm

183.9
386.3
396.8
4903
4127
462.0
131.7
7711
722.0
5781
475.2
4285
153.4
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Emission TesTING SERVICES Inc.

General Test Information

Date: 01/14/2002
Start Time of test: 4:01 p.m.

End Time of test: 6:15 p.m.

Test number: I3MALGX003

Engine — system combination:
Cummins, 855 CI, 4 stroke tur bo charged, intercooled diesel engine.

Engine identification number:
*11549038

Number of hours of operation accumulated on engine prior to beginning warm-up
portion of test: 288:37

Fuel identification: EPA #2 Diesel Fuel

Test Cycle: US EPA 13 Mode

Manager, Technical Services Mark Adaj /L

Signature

Date 5’85/8'2,

Data & Calculations Review Donel R. Olson, Olson Engineering, Inc.

Signature &M @ @é@ﬂ

0/ J/;L\/OZ

Date

2011 B Placenna Ave Costa Mesa. Califormia 92627
Tel (949) 574-7342 Fax (949) 574-734 1 E-mail costamesa etsusa net



