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Abstract/Executive Summary

This project involves the prototype build and engine performance testing of a marine compression-
ignition engine that meets US Environmental Protection Agency (EPA) Tier 3 emissions standards under
40 Code of Federal Regulations (CFR) Part 1042. In particular, it is a goal of this project to manufacture
and certify an engine that meets Tier 3 emissions standards ahead of the January 1, 2014, compliance
deadline.

This task in particular consisted of the necessary certification testing and official submittal preparation for
the 8L250 engine configuration. In particular, this task was focused on the American Bureau of Shipping
(ABS) and EPA compliance submittals. The EPA submittal consisted of emissions certification testing
and verification. The ABS submittal included design reviews and analysis of the modified engine
components.



Introduction/Background

The GE family of inline engines is EPA Tier 2 certified under 40 CFR Part 94. This project seeks to
modify the current inline engine design such that it is capable of meeting the more stringent EPA Tier 3
emissions standards under 40 CFR Part 1042. Given that the EPA guidelines on Tier 3 marine engines
only apply to engines with a rated load of less than 2000 kilowatts, the inline engines in GE’s portfolio
will be subject to the Tier 3 standards starting in January 2014.

Project Objectives / Technical Approach

From the Grant Activities (Scope of Work):
“1.1. The objectives for this work are:

1.1.1. Certify a marine 4-stroke six and eight cylinder engine rebuild kit to American Bureau of
Shipping (ABS) class standards and EPA Tier 3 marine emission standards ahead of the 2014
EPA regulatory deadline.”

This report in particular is in regards to the submittals to EPA and ABS for the purposes of receiving an
EPA Certificate of Conformity and ABS Product Design Assessment.

Tasks

Task 8: 8L250 Certification Testing

From the Grant Activities (Scope of Work):

*2.8. Task Statement: The PERFORMING PARTY will obtain all final product certification and
compliance approvals from the EPA and ABS for release to manufacturing of a Tier 2 certified
8L250 engine family operating at US EPA Tier 3 emissions levels.”

EPA Certification
From the Grant Activities (Scope of Work):

“2.8.1. The PERFORMING PARTY will complete EPA certification testing of the prototype
engine. The PERFORMING PARTY will submit all necessary documentation to the EPA and
respond to all EPA questions as necessary to receive Tier 3 certification for the prototype
engine.”

“2.8.1.1. All EPA certification testing will be completed using the 8L.250 test engine and be
completed in the engine test cells in Erie, Pennsylvania”



Engine testing was completed in the engine test cell in Erie, Pennsylvania during the month of February,
2013. The 8L250 model was submitted for addition to the US EPA certification on March 28, 2013. This
application included all required test data and supplemental documentation. The following ratings were
submitted for EPA compliance approval for the entire engine family, by engine model, engine speed in
revolutions per minute (RPM), and engine horsepower (hp):

e 6L250, 900RPM, 2035 hp
e 6L250, 1000RPM, 2261 hp
e 6L250, 1050RPM, 2374 hp
e 8L250, 900RPM, 2679 hp

To date all open questions from the EPA have been addressed, and official confirmation has been
received from the EPA showing regulatory compliance of the engine family. Shown in Appendix A is the
EPA Certificate of Conformity.

ABS Certification
From the Grant Activities (Scope of Work):

“2.8.2. The PERFORMING PARTY will submit all necessary documentation to the ABS and
respond to all ABS questions as necessary to receive ABS certification for the prototype engine.”

“2.8.2.1. All ABS certification testing will be completed using the 8L250 test engine and be
completed in the engine test cells in Erie, Pennsylvania™

All necessary steps to submit for engine level ABS type approval have been completed. Since the L250
Tier 3 engine has been deemed similar to the L250 Tier 2 engine, a request has been submitted to ABS to
ask for an addition to the existing type approval certificate. ABS has responded to the request for the
6L.250 with the letter shown in Appendix B. ABS has given conditional design approval for the 6L250,
however has asked for a three hour engine test on a production engine during emission testing, with a
surveyor present. Due to production release design status, this test has been planned and will be
completed on the first series production engine for the first commercial order. The product‘s entry will be
in ABS Program Database.

Both the 6L.250 design assessment and the 8L.250 design assessment were conditionally approved. The
8L.250 assessment request was submitted April 8, 2013, and approval received June 3, 2013 (Appendix
D).

System Design Reviews
From the Grant Activities (Scope of Work):

*2.8.3. The PERFORMING PARTY will complete all necessary design review closure and design
tasks to finalize the Tier 3 system component designs per internal practices.”

All necessary design reviews to approve of the compliance submittal have been completed. Per task 7 of
this grant, all engine level performance reviews have been completed. All engine component level



analysis and design reviews have been completed up to a point where all internal requirements have been
met for compliance submittal.

Schedule
From the Grant Activities (Scope of Work):

*2.8.4. Schedule: The PERFORMING PARTY shall complete this task within 20 months of the
signed Notice to Proceed Date as issued by TCEQ.”

The Notice to Proceed Date was signed July 14, 2011. All compliance submittals occurred during the
months of December 2012 for the initial submittal, and March and April 2013 for the final EPA and ABS
submittals.

Deliverables
From the Grant Activities (Scope of Work):

“2.8.5. Deliverables: The PERFORMING PARTY shall submit a report to the TCEQ upon
completion of this task. This report will include but is not limited to copies of the EPA Tier 3 and
ABS certifications approvals.”

The EPA Certificate of Conformity has been received and is shown above in Appendix A.

The 6L.250 design assessment has received a conditional design approval from ABS (Appendix B). To
obtain a complete approval, a three hour surveyed engine test will be required, however due to production
design readiness, this test will not occur until the first production engine is built. The 8L250 design
assessment has also received a conditional design approval from ABS (Appendix D).



Discussion/Observations

Objectives vs. Results

All desired objectives have been met for this portion of the grant objectives.

Critical issues

The only critical issue encountered thus far has been with regard to schedule, due to test lab resource
availability. Constraints on resources resulted in the certification testing not taking place as early as
originally planned.

Technical and commercial viability of the proposed approach

All aspects of this project to date are deemed achievable and technically viable. Some activity is still to
be undertaken to finalize the serial production design of the engine, however this activity is within the
allowances of the noted agencies.

Scope for future work

Future planned work includes the follow through from any questions from ABS regarding the noted
8L.250 submission, and required witnessed engine testing. Additionally, all engineering aspects of this
project will be completed with the expectation of receiving a commercial order.

Commercialization

The newly certified Tier 3 engines can be applied to all vessel newbuilds and repowers (depending on
engine room space) requiring medium speed engines in the 2000 to 2600 hp range not only in the US, but
globally. The commercialization process of the Tier 3 L250 engine has begun in the fourth quarter of
2012. The new brochure, released in 2012, is provided in Appendix C. The brochure was widely
distributed at the International Workboat Show in New Orleans last year. GE Transportation will use its
extensive sales, marketing and distribution network currently in place to support efforts for adoption of
this product in the marine both in the US and globally, as well as any adjacent markets where the
technology could be applied. In the state of Texas specifically, the GE Transportation sales leader
responsible for that region is working closely with Texas ship owners to identify candidate repower and
newbuild vessels into which this engine can be applied. GE Transportation is confident that this engine
will be broadly applicable to the marine workboats in the state of Texas within the power and speed
range. The repower of the old harbor vessels that are currently equipped with the legacy polluting diesel
engines will reduce the Houston-Galveston-Brazoria non-attainment area NO, emission inventory.

There are no known issues with intellectual property rights, nor are there any planned institutional
alliances necessary to implement for the commercialization.



Intellectual Properties/Publications/Presentations

All information provided in this Task Deliverable Report is the property of GE Transportation. It has been
supplied in accordance with the agreed upon terms of the NTRD contract as proof of Task completeness.

Regarding potentially patentable designs, concepts and ideas generated during the engine verification and
certification, several are being evaluated, or are in the application process to acquire patent protection.
TCEQ will be notified when corresponding patent applications issue as patents.

Summary/Conclusions

The elements of this part of the grant activity focused on American Bureau of Shipping and U.S.
Environmental Protection Agency compliance certifications. All tasks specified in this deliverable report
have been completed with the noted exception of the necessary ABS witnessed engine testing. The
remaining scope of this grant activity includes the follow up with ABS.



Contact Information

For further information about this project please contact:

Ed Lu

GE Transportation
814-875-5961
ed.lu@ge.com


mailto:ed.lu@ge.com
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Appendix A: EPA Certificate of Conformity for GE Tier 3 engine family

V0 BT, ; ; — VB0 BT,
L. n UNMITED STATES ENVIRONMENTAL PROTECTION AGENCY R e
: . OFFICE OF TRANSPORTATION AND AR QUALITY ! .
= - WASHINGTON, DC 20460 2 -
£ £
%& : N CERTIFICATE OF CONFORMITY %3\ .::E
W - e 2013 MODEL YEAR W - e
Mamufacturer TRANSPORTATION SYSTEMS BUS. OFS. OF GENERAL ELECTRIC CO.
Engine Family: DGETNLE TEMF
Certificate Mumber: CGET-MCI-13-04
Intended Service: FROPULSION AND AUXIIIARY
Intended Service Fuel- DISTILLATE DIESEL [10465.703{B)]
FEL: NOw N/A THC+NOz: 7.4 PM: 034
Effective Diate: 32871013
Diate Issusd: 32871013

A W TR /"__:TJ -y
¢ - T Cos e —
F A /_.. AP X e o
Eyron T. Bunker, Director
Compliance Dvision

Office of Transportation and Asr Cluality

Prurzuant to Sectien 213 of the Clean Adr Act (42 US.C. § 7347) and 40 CFE. Pan 1042, and subject to the terms and
conditions prescribed o those provisions, this certificate of conformity is hersby issued with respect to the test engines
which have been found to conform o applicable requirements and which represent the following marine engines, by
engine family, more folly described in the documentation required by 40 CFE Part 1042 and produced m the stated model
Fear.

This certificate of conformity covers only thoss new marine Ccompression-iznition engines which conform m all matersal
Tespects o the design specifications that applied to those engines described in the documentation required by 40 CFR Part
1042 and which are produced during the model year stated on this certificate of the said manofacharer, as defined m 440
CFE Fart 1042

It is a term of this cenificate that the manufacrarer shall consent to all inspecdons described m 40 CFR. Pant 1068 and
autherized m a warrant or court arder. Faihare to comply with the requirements of such a warmant or court order may lead
o rewocation or suspension of this cemificats for reasons specified in 40 CFR Part 1042, It is also a term of this certificate
that this certificate may be revoked or suspendsd or rendered void ab initio for other reasons specified in 40 CFE Pant
1042,

Thiz certificate does not cover marine engings seld, offared for sale, introduced, or deliversd for introduction into
commerge in the U5, prier to the effective date of the cenificate.

Thiz certificate of conformity is conditional upon compliance of said manufacturer with the averaging, banking and
trading proviziens of 40 CFR Part 1042, Subpart H. Failure to comply with these provisions may render this cerificate
woid ab mitio.




Appendix B: ABS response to 6L250 design assessment request

actronically pubkshed by ABS Houston.
EL—;'I-'J'-;'ll-'_FJ 978321, daled 18-FEB-2013.

18 February 2013 Project No. 2917738
GE Transportation Task No.: 978321 / EG
2901 East Lake Road

BLDG, 14-350

Erie, PA 16531

Attention: Mr. Jason D. Ozolins

Subject: Type Approval - Product Design Assessment — Revalidation & Revision
Model: 6L250B Tier 3 Engine
Max Ratings: 1517 kW @ 900 RPM
1686 kW (@ 1000 RPM
1770 kW @ 1050 RPM
Drawings as per the Attached List

Gentlemen;

We have your Application for ABS Type Approval dated February 2013 together with the
appropriate enclosures and are pleased to advise that we have completed the Design Assessment
phase of the Type Approval process with the exception of prototype testing, as described below:

The subject plan has been design reviewed in compliance with the ABS Rules for Building and
Classing Steel Vessels, 2013 (the Rules).

Please note that these modifications are considered as significant changes and therefore, we
would require a 3 hour test which shall include 1 hour of operation at 100%, 1 hour of operation
at 110%, and 20 minutes each at 25%, 50%, and 75% of rated power in the presence of our
Surveyor. This testing may be performed when the Tier 3 emission testing is performed.

Upon notification to this office by the attending Surveyor of successfil completion of the above
component testing and submission of satisfactory test reports signed by the ABS Surveyar, the
Certificate of Design Assessment will be issued.

Please contact your local ABS Erie Office at Tel: 814-838-1848, Fax 814-838-1287 to arrange
for the necessary component testing. To find another office, use the directory of ABS offices on
the ABS website at www.eagle.org. You may also speak with the ABS Program Staff at Tel:

281-877-6018, Fax: 281-877-6001 or email type.approvali@eayle.org,

An invoice 1o cover the cost of our design review on the above subject will be forwarded under
separate cover. Please forward your remittance as per instructions on the invojice.

Attached, please find a preliminary copy of the product’s entry into the ABS Program Database

Page 1 of 3
AMERICAS DIVISION g

ABS PLAZA, 16855 NORTHCHASE DRIVE, HOUSTON, TX 77088, USA
TEL: 1-201-077-0000 FAK 126787 745001 Emaik ABS. amoneagle org Website waw sa0ig grg



Elactronically pubkshad by ABS Houslon.
Referance 978321, dated 18-FEB-2013.

18 February 2013 Project No. 2917738
GE Transportation Task No.: 978321/ EG

One (1) copy of the submitted drawings, appropriately stamped to indicate our review, is being
returned electronically through the ABS FTP system.

We appreciate your confidence in ABS Type Approval. If you should have any comments
relative to the scope and conditions of the assessment of your product, or if we can be of any
further assistance, please do not hesitate to contact Elizabeth Gardner at 281-877-6413 or 281-
877-6795 by telefax. Please refer to O2E Task No.. 978321, when responding to this
comespondence,

Very truly yours,

Matthew D. Tremblay
Vice President of Engineering
ABS Americas

By: Dot Mo Sraneds
Prasad Mantravadi
Principal Engineer
Ship Engineering Department

cc.: ABS Erie w/p & inv.

Page 20f 3



Appendix C: GE Tier 3 Engine Brochure
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L250 components — Marine class. Inline design.

piece iron casting
which provides excellent
vibration-dampening characteristics and
long-term stability to minimize line bore
distortion. Further strength and rigidity
are added by bolting main bearing caps
both vertically and horizontally. The lube
oil gallery ond passages are cast or drilled
into the frame to provide lubrication to

all vital engine areas with no pipe or hose
connections within the frame, to help
eliminate leaks or loss of lubrication.

Turbocharger

The L250 uses a new; high-efficiency,
radial flow and water-cooled turbocharger
to achieve EPA Tier 3 emissions without

on duty cycle and application, response
time and fuel efficiency have improved

over the L250 Tier 2 engines and fuel

consumption improved 5% to 6% at
85% of MCR.

Crankshaft and engine drive train

The crankshaft is press-forged, high-
quality alloy steel. Oil passages drilled

in the crankshaft allow cil delivery to
connecting rod bearings and pistons. A
fiywheel with ring gear for the starting
motor is bolted directly to the crankshaft
flange.

piece liners

The stiff, one-piece,
mid-stop liner has an
integral external water
jocket that removes
the possibility of water
leaks. An anti-polishing
ring provides a durable
running surface, improving lube oil
consumption and liner life. The top one-
third of the liner is cooled.

Power assemblies

The L250's power assemblies
are designed to meet the
high-pressure demands of
the engine while adhering to
strict reliability requirements
and an easy-to-maintain
assembly concept. Unitized
cylinder assembly enables
quick change-outs and
increased engine uptime.
Each assembly is mounted
directly to the mainframe
and includes liner assembly,
cylinder head, intake and
exhaust valves, valve linkage
and a high-pressure fuel-injection

pump and nozzle. This design enables
excellent flow paths for combustion,
lower fuel consumption and reduced
emissions. Design improvements will
result in a significant reduction in lube oil
consumption over L250 Tier 2 engines.

15



The exhaust manifold provides
increased transient response and
better efficiency under pulse and
constant pressure operation. Itis
medularized with identical piping and
bellows sections for all of the cylinder
assemblies. The bellows sections
help lower the thermal and vibration-
induced stresses on the exhaust

system.

The L250's combustion air-intake
system includes one intercooler
mounted on the mainframe between
the turbo outlet and air manifold inlet.
This allows for lower fuel consumption,
emissions and exhaust temperatures.
For servicing, the intercooler can be
removed without dismantling other
engine components.

s 1781

- o

T oy

—

Our pistons are ruggedly designed to
accommodate the high-peak firing
pressure requirements of L250 engines.
The pin and skirt components are

also designed to yield better piston
lubrication and guidance as it travels
within the liner.
The design helps
minimize il
consumption and
blow-by as well as
lengthen oil life.

The forged-steel connecting rods are
exceptionally strong and exhibit high
stiffness, which is beneficial during the
engine’s lifetime. Large bearing widths
with optimized oil grooves also help
improve oil-film thickness and pressure,
allowing for optimum performance and
lower friction losses.

Designed for greater efficiency ot
varying speeds and loads, the L250's
electronic fuel injection features

precise fuel control, increased

pressure capability ond refined timing.
Optimization of the cam profile, injection
start, injection volumes and flows, and
control algorithms have produced a
relatively simple system, proven reliable
through extensive validation.

The camshafts on the L250 are made of
sectional carbon steel forgings joined
by dowel-bolted flanges, a design that
simplifies component removal and
replacement. Individual sections of the
camshaft, rather than the entire
comshaft, can be serviced or replaced.

16



L250 EPA Tier 3 inline diesel engine specifications

Engine data
Number of cylinders 6 8
Stroke cycle 4 4
Cylinder arrangement inline inline

__Bore 250 mm (9.84 in) 250 mm (9.84 in)
Stroke 320 mm (12.60in) 320 mm (12.60in)
Compression ratio 15.7 15.7
Power output at 900 rpm
Maximum continuous rating* 1,518 kw (2035 hp) 1,998 kw (2679 hp)
Power output at 1,000 rpm
Maximum continuous rating* 1,687 kw (2261 hp) N/A
Power output at 1,050 rpm
Maximum continuous rating* 1771 kw (2374 hp) N/A
Engine dimensions
Length 5,095 mm (200 in) 5,985 mm (235 in}
Wwidth 2,032 mm (80 in) 2,032 mm (80 in)
Height including sump 2,962 mm (116 in) 2,962 mm (116 in)
Crankshaft center line to sump 940 mm (37 in) 940 mm (37 in)

| Crankshaft center line to mounting feet 308 mm (12 in) 308 mm (12 in)
Exhaust diameter 457 mm (18 in) 457 mm (18 in)
Dry weight 15,909 lﬂg (35,000 Ibs) 19,090 log (42,000 Ibs)

*Moximum continuous rating (MCRI:

Maximum speed and load conditions at which the engine is capable of operating continuously for an unlimited number of
hours per year: between the normal maintenance intervals stated by GE. under standard ambient conditions and with the
maintenance prescribed by GE having been carried out. Engine overload is limited for U.S. EPA Tier 3 (40 CFR Part 1042)
regulations.

Dimensions and weights are approximate and include all engine mounted accessories.

GE Marine

To learn more,

GE, the GE Mondgram, imogination ot work, ecomogination and of other
demarks, ond marks, unkess noted, ore ownad or
Ticensed by General Electric Company or s subsicharies. All ofher brond
romas, product names or trodemorks belong 10 her respectve holders

Copyright © 2012 General Electric Compony. All rights resenad.

o
U
Bt P

GE imagination at work
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Appendix D: ABS response to 8L250 design assessment request

3 Jure 2013 Projecl Mo, I981307
Task Ne.: TIHT33E_2/CH

GE Trensportation

290| East Lake Road

BLOG, 14-330

Erie, "4 16551

Aftention: M. Jason D Qzaling

Subje; Type Approval — Froduct Design Assessment — Revalidation & Revision
Musdel: BT.250B Tioer 3 Engine
Mox Eatings: 2679 HP (1997 KW} @ 900 BPL
Drwings as per the Attached List

Geotlemen:

We have your Application for ABS Type Approval duted | March 2013 together with the
appropoale enclosues and are pleased o adyvise (hal we have compleled the Design Assessmenld
phase of the Type Approval process with the exception of protobype testing, as deseribed below:

The subject plan has been desipn reviewed in complisnce with the ARS Rules for Building and
Classing Sicol Yesscly, 2013 (he Kolea).

We note thar for the EL250B model engins the camshait 12 alizhily modified and the piston and
piston ring desipn i also chunyged which 1s the same s the SL250 engine eumrendly wailing to be
tvpe tested.  We nole that the BLZSOB model wilizes a new orbocharger and Lhat this
ruedification is considered as a significant chanpe and therefore, we would require a 3 hour lest
which shall inelude 1 hour of cpermtion at 100%, | hour of aperation ar 100%, and 20 minutes
each al 25%, 50%, and 73% oftated power in the preacnec of our Surveyor. This weating may be
performed wheen the Tier 3 emission esting is performed.

Upon netfication to this office by the attending Surveyor of sneeeashil campletion of the above
compenent testing and submission of zatisthetory tegt reports signed by the ABS Survevor, the
Crertificatr of Desipn Asseszmant will be issued.

Pleass contact yaur local ABS Ene Office at Tel: B14-838-1848, Fax 814-538-1247 to amangs
T the necessary camponent testing. To fnd another office, use the directory of AHS affices an

the ABS website at wwsw.eaplsorps. You may also speek with the ADS Progrem Stall e Tel:
2818776018, Fax: 281-877-0001 or email typeapprovali@esple orp,

An inviree bo cover the cosl of oor design review on the above subjeet will be forwarded under
separate cover. Please frward yoor remillnce g3 pec insiuslions on the invoics.

Pege | of %
AMERICAS DlYI5I0N
A PLAZA, 10855 HORTHCHASE DRIVE, HOUSTDN TX 77055, LS
TEL: 12818710k FAK: 1-2B1.E77801  Emol ARS-arenTeoghe op winbatie g RRDKLGNT



3 Juna 2013 Project MNa. 2UE1307
GE Transportation Task Mo T100T338 ZEG

Agptached, plaase tind o preliminoy copy of the product’s eatry inte the ABS Propram Database

e (1) copy ol the submitled drawings, appropriztely stamped o imdicate oot seview, is baing
retarned electeanicnlly thraugh the ABS FTP system.

We appreciate your confidenee in ARS Twpe Appooval. 15 yoo shoold have any comments
refativie o the seape and conditions ol the 1ssessment of your prodict, o i we con be of any
furiher agsiglanee, please do not hesitate 1o contaer Elizabeth Gavdner at 281-877-6413 ov 241
E77-57%5 by telefux. Please refer to O2ZE Task Mo T1007338 2, when responding to this
carrespondence,

Very inly yours,

Matthew LY. Tremblay
Vice Preaident of Enpiocering
APRS Americas

=

D

Byoow™
8./ Prasnd Mantrovadi

Principal Engineer
Ship Engineering Department
cc.: ABS Eric wip & inv,

Page 2al 3
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3 June 2013
GE Transporialion
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“Iieley Lrestigr Aggaszinmil el

Project Na. 2981307
Task Mo TIOGTIIE_2T0

Asterlens Englecering o demin

GE TRAMEPDETATION PARTS, LLC

Revigun Mo Drawing Tile
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. Camshatl Sectlon for O Ratation Engline

EL250 T3 Quline Deawing of L230E with Taew
Turba=horger

Turbachrger Mhmunting Adapier

Cantalialt Seetlan for CCW Hoatlon Englne

Turbachomger Turbacharger Crutline Dmwing
. ARG Respuna letjer L jusk o ¥TR121 IO

‘lurbsachorgaer Lheagn Sssozsnsend Certlilcace

Tnpe 3 al'd

21





