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Road freight locomotiveRoad freight locomotive
MaintMaint. space above engine. space above engine Muffler (office deskMuffler (office desk--size volume)size volume)

Component removals             Component removals             Exhaust       Exhaust       Radiated heatRadiated heat

RadiatorsRadiators

Electronics                               Electronics                               
Crew cab       & Power        Alt.       Diesel Engine       CooCrew cab       & Power        Alt.       Diesel Engine       Cooling System      ling System      

Motors                5,000 gal. fuel tank                    MMotors                5,000 gal. fuel tank                    Motorsotors

4400 HP road freight locomotive                           4400 HP road freight locomotive                           
76’ long x 15’3” high x 10’ wide      425,000 76’ long x 15’3” high x 10’ wide      425,000 pdspds. weight  . weight  

(“maxed out” dimensionally & by weight)(“maxed out” dimensionally & by weight)
20+ year asset life20+ year asset life
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N. Am. new locomotives ‘72~’04 (est.)N. Am. new locomotives ‘72~’04 (est.)
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switcher DC-4 axle
DC-6 axle AC-6 axle
passenger

ACAC--6 6 
axleaxle

DCDC--6 axle6 axle

Passenger &Passenger &

CommuterCommuter

DCDC--4 axle4 axle

Yard switchersYard switchers

21,000 locomotives built over 3+ decades   21,000 locomotives built over 3+ decades   
(versus 22 million+ diesel powered trucks)(versus 22 million+ diesel powered trucks)

UP-only acquisitions shown for ’05

EPA 213 CFR 92 
loco. emis. 
regulations

T0   T1      T2T0   T1      T2
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TransconTranscon., Int. & Inter., Int. & Inter--RR operationsRR operations

6060--day GPS route log for one day GPS route log for one 
Union Pacific EPA Tier 0 Union Pacific EPA Tier 0 

locomotive in 2001locomotive in 2001

CP Rail:    
Banff, AB

UP: Cajon Pass, CA

NS: Raleigh, NC
Photo courtesy of 
www.railpictures.net
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Union Pacific RRUnion Pacific RR

Locomotive fleetLocomotive fleet
Total 5,400 highTotal 5,400 high--HP (>3000 HP) & 2,000 lowHP (>3000 HP) & 2,000 low--HP (<3000 HP)HP (<3000 HP)

1800+ new EPA Tier 01800+ new EPA Tier 0--1 road acquired since ‘00 1 road acquired since ‘00 =25% =25% 

700+ engines overhauled to Tier 0 since ‘00 700+ engines overhauled to Tier 0 since ‘00 =  9% =  9% 

315   new Tier 2 on order for 1315   new Tier 2 on order for 1--2Q 20052Q 2005 =  4% =  4% 

MidMid--2005, 2005, 38% of fleet will be EPA Tier 0, 1 or 238% of fleet will be EPA Tier 0, 1 or 2
UP loco acquisitions since January 2000 are equivalent to  UP loco acquisitions since January 2000 are equivalent to  

an exceptional 10 year HHP fleet turnover …  an exceptional 10 year HHP fleet turnover …  versus 20 to    versus 20 to    
30 year asset life.30 year asset life.
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UPRR emissions R&DUPRR emissions R&D
LNG road & switch in ‘90s   ($15M)

4 road units & 2 switch 

6000 HP road units ‘96-’00    ($312M)
142 road units

Diesel particulate filter (DPF) program ($2.5M)
BNSF+UP thru AAR-TTCI at SWRI, for EMD 
non-turbocharged switch engines

New technology switch engines    ($1.0M)

OEM R&D funded thru acquisitions 
Tier 0-1-2 redesigns, GE’s new 
Tier 2 engine, etc.
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Yard switchers
(2) 1200 HP units in LA-Commerce Yard

Maintenance, fueling constraints, safety concerns, high 
cost & low availability

2 each high-HP EMD & GE road units
(2) EMD 3800 HP units (produced ~3300 HP) and (2) GE    
4150 HP units (produced ~ 3600 HP)…Requires more locos

Materials limitations in nozzles, cryo pumps, et al

Never operated outside OEM factories, ~5 hours max. time 

UP LNG project ‘93UP LNG project ‘93--’98’98

Diesel emissions are now converging on LNG because of 
technological improvements. 
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New road technology: New road technology: Tier 2 unitsTier 2 units

315 Tier 2 units under construction (1315 Tier 2 units under construction (1--2Q’05)2Q’05)
4300 HP (EMD) & 4400 HP (GE”  *) 4300 HP (EMD) & 4400 HP (GE”  *) 

* UP is “launch customer” for new GE engine design* UP is “launch customer” for new GE engine design
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New switch technology: New switch technology: HybridsHybrids

UP unit now under construction …    
will be California’s first hybrid 

switching locomotive (for Fresno)

“Hybrid” light“Hybrid” light--medium duty switcher  (1Q’05)medium duty switcher  (1Q’05)
2000 HP batteries recharged by 290 HP EPA 2000 HP batteries recharged by 290 HP EPA offoff--road Tier 2road Tier 2 diesel diesel gen gen set   set   

significantly exceeds EPA locomotive Tier 2 requirements        significantly exceeds EPA locomotive Tier 2 requirements        
without without aftertreatmentaftertreatment
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New switch technology: New switch technology: TruckTruck--enginesengines
1974 EMD 1500 HP 1974 EMD 1500 HP 

yard switcheryard switcher

(2) diesel (2) diesel gen gen setssets

“Truck“Truck--engine” heavyengine” heavy--duty switcher  (2Q’05)duty switcher  (2Q’05)
~1400 HP   powered by (2) EPA ~1400 HP   powered by (2) EPA offoff--road Tier 3road Tier 3 diesel diesel gen gen sets             sets             

projected to exceed EPA locomotive Tier 2 requirements          projected to exceed EPA locomotive Tier 2 requirements          
without without aftertreatmentaftertreatment
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US EPA Loco. Emissions US EPA Loco. Emissions Reg’sReg’s
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Jan 01, 
2000

Jan 01, 
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Jan 01, 
2005 Actual or projected Actual or projected 

performance of some performance of some 
new locos. in ‘05

Nitrogen 
Oxides (NOx)
grams/bhp-hr

new locos. in ‘05

- 56%

1973-1999 pre-Tier 0 engines 
rebuilt (when overhauled) to Tier 

0 after 12-31-1999
All newly-manufactured locomotive engines > 12-31-1999

Original chart courtesy of Roy Primus, GE 
Global Research Center
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HD Diesel Truck v Loco emissionsHD Diesel Truck v Loco emissions

2004 Railroad Envi ronment Conference
Universi ty of Il linois
October 12, 2004
8
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Evolution of Emissions Control
EPA Heavy Duty Truck Regulations

HDD ‘74HDD ‘74

HDD ‘78HDD ‘78

HDD ‘90HDD ‘90HDD ‘91HDD ‘91

HDD ‘04HDD ‘04

Loco ‘00 Tier 0Loco ‘00 Tier 0
Loco ‘02 Tier 1Loco ‘02 Tier 1

Loco ‘05 Tier 2Loco ‘05 Tier 2

Original slide courtesy of Roy Primus, 
GE Global Research Center 
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No charge air cooling, more complex systemNo charge air cooling, more complex system

Large locomotiveLarge locomotive--size designs & technologiessize designs & technologies

MediumMedium--speed design (speed design (higher higher NOxNOx tendencytendency))

Better fuel efficiency (gallons/GTM)Better fuel efficiency (gallons/GTM)

DieselDiesel--electric transmissionselectric transmissions

R&D funded mostly by railroads & suppliersR&D funded mostly by railroads & suppliers

20+ yr. Lifecycle20+ yr. Lifecycle

21,000 ~ 3 decades 21,000 ~ 3 decades 

Auto/Truck v Locomotive Auto/Truck v Locomotive enginesengines

ChargeCharge--air cooling (front air cooling (front radrad.).)

Automotive derivative technologiesAutomotive derivative technologies

HiHi--speed design speed design ((lower lower NOxNOx tendency))

Lower fuel efficiency (gallons/GTM)Lower fuel efficiency (gallons/GTM)

Mechanical transmissionsMechanical transmissions

25+ years federally25+ years federally--funded R&Dfunded R&D

TypTyp. 5 yr. Lifecycle. 5 yr. Lifecycle

22 million produced over 3 decades 

tendency

22 million produced over 3 decades 
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Technology:  Technology:  from idea to use.from idea to use.
Basic discovery & “concept-to-device”

SCR, Nox/PM filters, EGR, VGT, engine designs, etc.

R&D including “field hardening”
Laboratories > Test cells > Test locos > In-service locos

Integration
Loco. reliability, maintainability, onboard space, etc.

Infrastructure
Fuels & fueling system, shops, route (track, yards, 
bridges, tunnels, etc.) and train operations

Practical & affordable … in use
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Locomotive emissions technologiesLocomotive emissions technologies

SCR (urea)SCR (urea)

PM filters (switchers)PM filters (switchers) TruckTruck--engine switcherengine switcher
tegration

tegration

Fuel cellsFuel cells

LNG fuel   LNG fuel

Common rail injectionCommon rail injection Simple hybrid switcherSimple hybrid switcher    

EGR & VGT.EGR & VGT.

PwrPwr. . asmasm. retrofit kits. retrofit kits

RegenRegen. hybrid road loco. hybrid road loco

Tier 2 production loco.Tier 2 production loco.

< Tier 2 locomotive < Tier 2 locomotive 

PM filters (high HP road)PM filters (high HP road)

Tier 0 & 1 Tier 0 & 1 NOxNOx upgradesInupgrades

LimitedLimited--toto--impracticalimpractical

Previously attemptedPreviously attempted

R&D or R&D or engrgengrg. underway. underway

R&D longR&D long--termterm

Test or Prototype stageTest or Prototype stage

In productionIn production

ucture   

ructure   
InIn--Use     

Use     

frastr
Infrast
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RegenRegen. flywheel storage. flywheel storage
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ncept    

R&D    
R&D    
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Loco. Loco. aftertreatmentaftertreatment space space reqm’tsreqm’ts..
“Engine displacement”: “Engine displacement”: total swept volumetotal swept volume

Displacement of a Tier 2 engine (EMD 710                       Displacement of a Tier 2 engine (EMD 710                       
& GE “Evolution”) is & GE “Evolution”) is ~6.7 feet~6.7 feet33

Volume of entire eng. ~ 510 feetVolume of entire eng. ~ 510 feet3 3 

Based on typical applicationsBased on typical applications** ......

NOx aftertreatmentNOx aftertreatment ~ 70~ 70--80 x 80 x swsw. vol.. vol.
Est. Est. NOx NOx requirement ~~ 469requirement ~~ 469--536 feet536 feet3 3 (= 1 entire engine!)(= 1 entire engine!)

PM PM aftertreatment aftertreatment ~    3~    3--4  x 4  x swsw.vol..vol.
Est. PM requirement ~~ 20Est. PM requirement ~~ 20--27 feet27 feet3 3 (= “an office desk”)(= “an office desk”)

* * aftertreatment aftertreatment + “packaging”+ “packaging”
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SCR plus SCR plus oxioxi catalyst on EMD catalyst on EMD engsengs..

SCR scrubber on SCR scrubber on Santa Catalina IslandSanta Catalina Island … EMD stationary engines… EMD stationary engines

(8’x8’x8’ SCR scrubber (8’x8’x8’ SCR scrubber plusplus mixing flue mixing flue plusplus stack stack plusplus urea tank)urea tank)

SCR + SCR + oxi oxi cat package + flues = cat package + flues = 78x swept volume78x swept volume
Photos & text courtesy of Steve Fritz, 
Southwest Research Institute (SWRI)
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Projected SCR on a locomotiveProjected SCR on a locomotive
Nominal 512 cubic feet for SCR scrubber & oxy catalyst          Nominal 512 cubic feet for SCR scrubber & oxy catalyst          
(est. 6’ wide x 4’ high x 21’ long) … 15’ urea mixing stack pipe(est. 6’ wide x 4’ high x 21’ long) … 15’ urea mixing stack pipe

… oxy cat … oxy cat 

750 gallon urea storage volume (12750 gallon urea storage volume (12--15% 15% 
of fuel) … of fuel) … reduces operating range of reduces operating range of 

locomotive by 12locomotive by 12--15%15%

This is not a practical (realistic) locomotive!This is not a practical (realistic) locomotive!



1
0

RRs RRs & locos: & locos: customercustomer infrastructureinfrastructure
There are GT 75 electric There are GT 75 electric 
generating plants in the US generating plants in the US 
with rotary dumpers for with rotary dumpers for 
unloading unit coal trainsunloading unit coal trains..

All of these rotary dumpers All of these rotary dumpers 
have “end plate openings” have “end plate openings” 
shaped to accommodate shaped to accommodate 
locomotives meeting the locomotives meeting the 
AAR clearance diagram!

End plate opening
meets AAR loco. meets AAR loco. 

clearance diagram

End plate opening

clearance diagram

AAR clearance diagram!

Steel end plateSteel end plate

Rotational center point for dumper Rotational center point for dumper 
allows cars to be rotated (dumped) allows cars to be rotated (dumped) 

without being uncoupledwithout being uncoupled
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“Emissions tender”“Emissions tender”
“Tender” car behind locomotive “Tender” car behind locomotive 
containing containing aftertreatment aftertreatment devices and devices and 
suppliessupplies (loco+tender must be matched (loco+tender must be matched 
for movements) for movements) 

Emissions 
Tender

Emissions 
Tender

24” high24” high--temp. exhaust temp. exhaust 
ducting over locomotive ducting over locomotive 
radiatorradiator (still “violates” AAR (still “violates” AAR 
clearance requirements … clearance requirements … 
exhexh. temp. drops greatly). temp. drops greatly)

24” high24” high--temp. temp. flexible exhaust ductingflexible exhaust ducting
between locomotivebetween locomotive--andand--tender moving at uptender moving at up--toto--75 MPH75 MPH ……
designing, building and maintaining such flexible ducting will bdesigning, building and maintaining such flexible ducting will be a e a 
monumental R&D and engineering task in itself!monumental R&D and engineering task in itself!

•• >12 loco. >12 loco. carbodycarbody configurations since ‘95 (i.e., tender interface)configurations since ‘95 (i.e., tender interface)

•• loco movements become highly restricted (reduced asset utilizatloco movements become highly restricted (reduced asset utilization)ion)

•• EngrgEngrg. demands of this approach are not trivial                      . demands of this approach are not trivial                      
and carry major risks of failureand carry major risks of failure
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The “double stack height” fallacyThe “double stack height” fallacy

DoubleDouble--Stack cars are “excess height” Stack cars are “excess height” 
permitted only by special agreement on permitted only by special agreement on 
specific routes … specific routes … locomotives operate locomotives operate 

across the entire continentacross the entire continent
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NOxNOx versus PMversus PM
Very divergent aftertreatment space required

NOx & PM devices ~ 1 entire engine + “office desk”

Restricted from making locos longer, wider or    
higher 

NOx + PM? NOx only?   PM only?
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Loco engine emissions:  Loco engine emissions:  nextnext
Continuing “in engine” R&D will likely 

produce even more reductions in NOx and PM 
than T2

Ongoing discussions with EPA re locomotive 
Tier 3 regulations.

NOx & PM?   NOx only?   PM only?

“Offboard” developments reducing emissions
Loco consist control schemes

Regenerative hybrid loco capturing downhill dynamic 
braking energy

Etc.
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SummarySummary
UP & RR industry commitment to environment

UP massive fleet investment since ‘00

Long history of engine-related R&D (rail industry R&D 
historically self-funded) thru new locomotive acquisitions

UP funding significant R&D for yard switchers

Solid embracement of EPA Tiers 0 and 1 ‘00-’04
UP committed to new EPA Tier 2 technology ‘05

Fleet emissions are declining!

Major technology decisions req’d. re future 
locomotive emissions reductions
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Questions & commentsQuestions & comments

Lanny Lanny A. Schmid                             A. Schmid                             
Director Environmental Director Environmental 
OperationsOperations

Union Pacific Railroad                   Union Pacific Railroad                   
1400 Douglas Street, 1400 Douglas Street, 
STOP 1030                    STOP 1030                    
Omaha, NE  68179Omaha, NE  68179

402402--544544--22622262

laschmidlaschmid@up.com

Michael Michael IdenIden, P.E.                   , P.E.                   
General Director   General Director   
Car & Loco Engineering  Car & Loco Engineering  

Union Pacific Railroad           Union Pacific Railroad           
5050 W. Lake Street                5050 W. Lake Street                
Melrose Park, IL 60160Melrose Park, IL 60160

708708--649649--58995899

meidenmeiden@up.com@up.com
@up.com
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“… difference of opinion leads to inquiry, and “… difference of opinion leads to inquiry, and 
inquiry to truth ... if a nation expects to be inquiry to truth ... if a nation expects to be 
ignorant and free … it expects what never was ignorant and free … it expects what never was 
and never will be.”and never will be.”

Thomas JeffersonThomas Jefferson
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