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- Project Description -
Six Connecticut rail freight operators have submitted proposals under the U.S. Department of Transportation’s, “Transportation Investment Generating Economic Recovery” (TIGER) discretionary grants.  The funding was made available though the American Recovery and Reinvestment Act of 2009.
While this program’s primary criteria is job creation and economic benefits to distressed areas, the projects submitted will also have a significant benefit to reducing Volatile Organic Compounds (VOC) and Nitrogen Oxide (NOx) emissions, as well as green house gas emissions  (CO2).

In general, the U.S. rail freight system carries 14 percent of the nation’s freight by tonnage which accounts for 29 percent of the total ton-miles and 5 percent of freight value.  This translates into 102 million miles that trucks are not traveling on the nation’s highways.
 According to this report, rail freight is fuel efficient and generates less air pollution per ton-mile compared to trucks.
In addition, much of the congestion occurs at bottlenecks on the nation’s interstates.  The congestion results in increased fuel usage, increased travel time and thus increased cost to the consumer.

This project involves the reconstruction and renovation of eleven rail freight lines in the State of Connecticut.  Included in the Improvements are new rails, ties, ballasts, surfacing, replacing bolts, replacing turnouts and tie disposal, as well as highway crossing upgrades, and upgrades to turnouts and alignments. The improvement to these areas are designed to enhance intermodal connections, capitalize on the efficiency of linking rail and truck transportation services, and to improve overall speed and safety along these rail freight corridors.  As a result of these improvements, air quality emissions will also be reduced.  Specific pollutants analyzed in this report include VOC, NOx, and CO2 .

Information on estimated diversions of freight, from truck to rail, was derived from an Air Quality Analysis prepared by the Department of Transportation in May of 2005.
  It was determined that each rail car is the equivalent of four trucks. Estimates of trip length and frequency were provided by the operator of the individual rail freight services.

From the participating railroad freight companies that provided data appropriate for the emission analysis, the following overall benefits can be derived.
1.) Providence and Worcester Railroad (P&W)
· Willimantic Branch (Windham to Plainfield)

· Middletown Branch (Rocky Hill to Hartford)

 2.) Naugatuck Railroad Company

· Torrington Secondary (Waterbury to Torrington)

3.) Central New England Railroad

· Armory Line (South Windsor to CT/MA State Line in Enfield)

· Griffin Industrial Track ( Hartford to Bloomfield)

For each of the railroad companies providing data, the Department prepared a quantitative emission analysis for VOC, NOx and CO2.  The quantitative analyses for these projects are provided on the following pages.  
The Table below summaries the emission reductions for the five lines:
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-- Emission Analysis --
A combined emissions analysis for VOC and NOx can be considered for track improvements that will result in an average higher travel speed for railcars.  An emissions analysis can be run to evaluate the reductions expected for VOC, NOx, and CO2 when additional freight cars will replace the numbers of freight trucks on the roads of Connecticut.  Each new railcar will replace four trucks.

Providence and Worcester Railroad - Willimantic Branch
Emissions Reduction based on additional railcars:
Emission factors for 2012 Heavy Duty Diesel Vehicles in New London County (g/mi):





VOC

NOx

CO2  

Expressway

0.222

7.243
       1415.2

Arterial

0.332

4.422
       1417.0


Local


0.646

5.221
       1416.1


Ramp


0.308

3.909
       1415.2

Truck emission factors used:

· Average of expressway and ramp

· Arterial

Rail emission factors used:  

· Average of arterial and local

Rail trips increased per year = rail trips per day x days per week x weeks per year

Truck trips reduced from roadways per year = rail trips increased x 4
.

Truck expressway emissions (kg/day) =

truck trips reduced x miles per trip x emission factor / days per year / g/kg

Truck arterial emissions (kg/day) =

truck trips reduced x miles per trip x emission factor / days per year / g/kg

Rail emissions (kg/day) =

rail trips increased x miles per trip x emission factor / days per year / g/kg

Net emissions reduction = total truck emissions reduction – rail emissions increased

Rail trips increased
 = 6 trips/day x 6 days/wk x 52 wks/yr = 1,872 trips/yr

Truck trips reduced = 1,872 trips/yr x 4 = 7,488 trips/yr

VOC

Truck emissions (expressway) 


= 7,488 trips/yr x 17.65 mi/trip x 0.265 g/mi / 365 days/yr / 1000 g/kg


= 0.096 kg/day

Truck emissions (arterial)


= 7,488 trips/yr x 11.28 mi/trip x 0.332 g/mi / 365 days/yr / 1000 g/kg


= 0.077 kg/day

Truck emissions (total) = 0.096 kg/day + 0.077 kg/day = 0.173 kg/day

Rail emissions 


= 1,872 trips/yr  x 42.6 mi/trip x 0.489 g/mi / 365 days/yr / 1000 g/kg


= 0.107 kg/day

Net emissions reduction = 0.173 – 0.107 = 0.066 kg/day
NOx

Truck emissions (expressway)


= 7,488 trips/yr x 17.65 mi/trip x 5.576 g/mi / 365 days/yr / 1000 g/kg


= 2.019 kg/day
Truck emissions (arterial)


= 7,488 trips/yr x 11.28 mi/trip x 4.422 g/mi / 365 days/yr / 1000 g/kg


= 1.023 kg/day
Truck emissions (total) = 2.019 kg/day + 1.023 kg/day = 3.042 kg/day

Rail emissions


= 1,872 trips/yr x 42.6 mi/trip x 4.822 g/mi / 365 days/yr / 1000 g/kg


= 1.054 kg/day

Net emissions reduction = 3.042 kg/day – 1.054 kg/day = 1.988 kg/day
CO2
Truck emissions (expressway)


= 7,488 trips/yr x 17.65 mi/trip x 1415.2 g/mi / 365 days/yr / 1000 g/kg


= 512.431 kg/day
Truck emissions (arterial)


= 7,488 trips/yr x 11.28 mi/trip x 1417.0 g/mi / 365 days/yr / 1000 g/kg

= 327.908 kg/day
Truck emissions (total) = 512.431 kg/day + 327.908 kg/day = 840.339 kg/day

Rail emissions


= 1,872 trips/yr x 42.6 mi/trip x 1416.6 g/mi / 365 days/yr / 1000 g/kg


= 309.51 kg/day

Net emissions reduction = 840.339 kg/day – 309.510 kg/day = 530.829 kg/day
Emissions Reduction based on increased speed per railcar:

Combined VOC and NOx emission factors
 for 2012 (g/mi):


Current speed of 10 mph

2.0 g/mi


Upgraded speed of 40 mph
1.4 g/mi

Yearly miles of travel per railcar (mi/yr) =
 trips per day x days per week x weeks per year x miles per trip

Rail emissions (kg/day) = miles per year x emission factor / days per year / g/kg

Net emissions reduction = current speed emissions – upgraded speed emissions

Current yearly miles of travel per railcar


= 1 trip/day x 5 days/wk x 52 wks/yr x 42.6 mi/trip = 11,076 mi/yr

Upgraded yearly miles of travel per railcar


= 1 trip/day x 6 days/wk x 52 wks/yr x 42.6 mi/trip = 13,291 mi/yr

Current speed emissions


= 11,076 mi/yr x 2.0 g/mi / 365 days/yr / 1000 g/kg = 0.061 kg/day

Upgraded speed emissions


= 13,291 mi/yr x 1.4 g/mi / 365 days/yr / 1000 g/kg = 0.051 kg/day

Net emissions reduction = 0.061 kg/day – 0.051 kg/day = 0.010 kg/day
Providence and Worcester Railroad - Middletown Branch
Emissions Reduction based on additional railcars:

Emission factors for 2012 Heavy Duty Diesel Vehicles in Hartford County (g/mi):





VOC

NOx

CO2


Expressway

0.227

7.119
       1415.2

Arterial

0.358

4.422
       1417.0


Local


0.646

5.221
       1416.1


Ramp


0.308

3.909         1415.2

Truck emission factors used:

· Average of expressway and ramp

Rail emission factors used:

· Average of arterial and local

Rail trips increased per year = rail trips per day x days per week x weeks per year

Truck trips reduced from roadways per year = rail trips increased x 4
.

Truck expressway emissions (kg/day) =
truck trips reduced x miles per trip x emission factor / days per year / g/kg

Rail emissions (kg/day) =
rail trips increased x miles per trip x emission factor / days per year / g/kg

Net emissions reduction = total truck emissions reduction – rail emissions increased

Rail trips increased
 = 5 trips/day x 5 days/wk x 52 wks/yr = 1,300 trips/yr

Truck trips reduced = 1,300 trips/yr x 4 = 5,200 trips/yr

VOC

Truck emissions


= 5,200 trips/yr x 7.74 mi/trip x 0.268 g/mi / 365 days/yr / 1000 g/kg


= 0.030 kg/day

Rail emissions


= 1,300 trips/yr x 14.28 mi/trip x 0.502 g/mi / 365 days/yr / 1000 g/kg


= 0.026 kg/day

Net emissions reduction = 0.030 kg/day – 0.026 kg/day = 0.004 kg/day
NOx
Truck emissions


= 5,200 trips/yr x 7.74 mi/trip x 5.514 g/mi / 365 days/yr / 1000 g/kg


= 0.608 kg/day

Rail emission


= 1,300 trips/yr x 14.28 mi/trip x 4.822 g/mi / 365 days/yr / 1000 g/kg


= 0.245 kg/day
Net emissions reduction = 0.608 kg/day – 0.245 kg/day = 0.363 kg/day
CO2
Truck emissions


= 5,200 trips/yr x 7.74 mi/trip x 1415.2 g/mi / 365 days/yr / 1000 g/kg


= 156.052 kg/day

Rail emissions


= 1,300 trips/yr x 14.28 mi/trip x 1416.6 g/mi / 365 days/yr / 1000 g/kg


= 72.049 kg/day

Net emissions reduction = 156.052 kg/day – 72.049 kg/day = 84.003 kg/day
Naugatuck Railroad Company - Torrington Secondary
Emissions Reduction based on additional railcars:

Emission factors for 2012 Heavy Duty Diesel Vehicles in Litchfield County (g/mi):





VOC

NOx

CO2


Expressway

0.221

7.453        1415.2

Arterial

0.287

4.491
      1417.0


Local


0.646

5.221
      1416.1


Ramp


0.308

3.909
      1415.2

Truck emission factors used:

· Average of expressway and ramp

Rail emission factors used:

· Average of arterial and local

Rail trips increased per year = rail trips per day x days per week x weeks per year

Truck trips reduced from roadways per year = rail trips increased x 4
.

Truck expressway emissions (kg/day) =
truck trips reduced x miles per trip x emission factor / days per year / g/kg

Rail emissions (kg/day) =
rail trips increased x miles per trip x emission factor / days per year / g/kg

Net emissions reduction = total truck emissions reduction – rail emissions increased

Rail trips increased
 = 10 trips/day x 3 days/wk x 52 wks/yr = 1,560 trips/yr

Truck trips reduced = 1,560 trips/yr x 4 = 6,240 trips/yr

VOC

Truck emissions


= 6,240 trips/yr x 19.67 mi/trip x 0.265 g/mi / 365 days/yr / 1000 g/kg


= 0.089 kg/day

Rail emissions


= 1,560 trips/yr x 18 mi/trip x 0.467 g/mi / 365 days/yr / 1000 g/kg


= 0.036 kg/day
Net emissions reduction = 0.089 – 0.036 = 0.053 kg/day
NOx
Truck emissions


= 6,240 trips/yr x 19.67 mi/trip x 5.681 g/mi / 365 days/yr / 1000 g/kg


= 1.910 kg/day

Rail emissions


= 1,560 trips/yr x 18 mi/trip x 4.856 g/mi / 365 days/yr / 1000 g/kg


= 0.374 kg/day

Net emissions reduction = 1.910 – 0.374 = 1.536 kg/day
C02
Truck emissions


= 6,240 trips/yr x 19.67 mi/trip x 1415.2 g/mi / 365 days/yr / 1000 g/kg


= 475.898 kg/day

Rail emissions


= 1,560 trips/yr x 18 mi/trip x 1416.6 g/mi / 365 days/yr / 1000 g/kg


= 108.981 kg/day

Net emissions reduction = 475.898 – 108.981 = 366.917 kg/day
Emissions Reduction based on increased speed per railcar:

Combined VOC and NOx emission factors for 2012 (g/mi):


Current speed of 12.5 mph

1.75 g/mi


Upgraded speed of 25 mph
1.5 g/mi

Yearly miles of travel per railcar (mi/yr) =
trips per day x days per week x weeks per year x miles per trip

Rail emissions (kg/day) = miles per year x emission factor / days per year / g/kg

Net emissions reduction = current speed emissions – upgraded speed emissions

Current yearly miles of travel per railcar


= 1 trip/day x 3 days/wk x 52 wks/yr x 18 mi/trip = 2,808 mi/yr

Upgraded yearly miles of travel per railcar


= 1 trip/day x 3 days/wk x 52 wks/yr x 18 mi/trip = 2,808 mi/yr

Current speed emissions


= 2,808 mi/yr x 1.75 g/mi / 365 days/yr / 1000 g/kg = 0.013 kg/day

Upgraded speed emissions


= 2,808 mi/yr x 1.5 g/mi / 365 days/yr / 1000 g/kg = 0.012 kg/day

Net emissions reduction = 0.013 kg/day – 0.012 kg/day = 0.001 kg/day
Central New England Railroad - Armory Line
Emissions Reduction based on additional railcars:

Emission factors for 2015 Heavy Duty Diesel Vehicles in Hartford County (g/mi):





VOC

NOx

CO2

Expressway

0.198

4.560
      1415.2

Arterial

0.314

2.846
      1417.0


Local


0.562

3.349
      1416.1


Ramp


0.268

2.499
      1415.2

Truck emission factors used:

· Average of expressway and ramp

· Arterial

Rail emission factors used:

· Average of arterial and local

Rail trips increased per year = rail trips per day x days per week x weeks per year

Truck trips reduced from roadways per year = rail trips increased x 4
.

Truck expressway emissions (kg/day) =
truck trips reduced x miles per trip x emission factor / days per year / g/kg

Truck arterial emissions (kg/day) =
 truck trips reduced x miles per trip x emission factor / days per year / g/kg

Rail emissions (kg/day) =
rail trips increased x miles per trip x emission factor / days per year / g/kg

Net emissions reduction = total truck emissions reduction – rail emissions increased

Rail trips increased
 = 10 trips/day x 4 days/wk x 52 wks/yr = 2,080 trips/yr

Truck trips reduced = 2,080 trips/yr x 4 = 8,320 trips/yr


65% of truck trips were on expressways


35% of truck trips were on arterials

VOC

Truck emissions (expressway)


= 8,320 trips/yr x 150 mi/trip x 0.65  x 0.233 g/mi / 365 days/yr / 1000 g/kg


= 0.518 kg/day
Truck emissions (arterial)


= 8,320 trips/yr x 150 mi/trip x 0.35 x 0.314 g/mi / 365 days/yr / 1000 g/kg


= 0.376 kg/day
Truck emissions (total)


= 0.518 kg/day + 0.376 kg/day = 0.894 kg/day

Rail = 2,080 trips/yr x 45 mi/trip x 0.438 g/mi / 365 days/yr / 1000 g/kg


= 0.112 kg/day

Net emissions reduction = 0.894 kg/day – 0.112 kg/day = 0.782 kg/day
NOx
Truck emissions (expressway)


= 8,320 trips/day x 150 mi/trip x 0.65 x 3.530 g/mi / 365 day/yr / 1000 g/kg


= 7.845 kg/day

Truck emissions (arterial)


= 8,320 trips/day x 150 mi/trip x 0.35 x 2.846 g/mi / 365 day/yr / 1000 g/kg


= 3.406 kg/day

Truck emissions (total) = 7.845 kg/day + 3.406 kg/day = 11.251 kg/day

Rail emissions


= 2,080 trips/day x 45 mi/trip x 3.098 g/mi / 365 day/yr / 1000 g/kg


= 0.794 kg/day

Net emissions reduction = 11.251 kg/day – 0.794 kg/day = 10.457 kg/day
CO2
Truck emissions (expressway) =
 8,320 trips/day x 150 mi/trip x 0.65 x 1415.2 g/mi / 365 day/yr / 1000 g/kg


= 3,145.234 kg/day

Truck emissions (arterial) =
8,320 trips/day x 150 mi/trip x 0.35 x 1417.0 g/mi / 365 day/yr / 1000 g/kg


= 1,695.741 kg/day

Truck emissions (total) = 3,145.234 kg/day + 1,695.741 kg/day = 4,840.975 kg/day

Rail emissions


= 2,080 trips/day x 45 mi/trip x 1416.6 g/mi / 365 day/yr / 1000 g/kg


= 363.271 kg/day

Net emissions reduction = 4,840.975 kg/day – 363.271 kg/day = 4,477.704 kg/day
Emissions Reduction based on increased speed per railcar:

Combined VOC and NOx emission factors for 2015 (g/mi):


Current speed of 3 mph

2.5 g/mi


Upgraded speed of 25 mph
1.25 g/mi

Yearly miles of travel per railcar (mi/yr) =
trips per day x days per week x weeks per year x miles per trip

Rail emissions (kg/day) = miles per year x emission factor / days per year / g/kg

Net emissions reduction = current speed emissions – upgraded speed emissions

Current yearly miles of travel per railcar


= 1 trip/day x 4 days/wk x 52 wks/yr x 45 mi/trip = 9,360 mi/yr

Upgraded yearly miles of travel per railcar


= 1 trip/day x 4 days/wk x 52 wks/yr x 45 mi/trip = 9,360 mi/yr

Current speed emissions


= 9,360 mi/yr x 2.5 g/mi / 365 days/yr / 1000 g/kg = 0.064 kg/day

Upgraded speed emissions


= 9,360 mi/yr x 1.25 g/mi / 365 days/yr / 1000 g/kg = 0.032 kg/day

Net emissions reduction = 0.064 kg/day – 0.032 kg/day = 0.032 kg/day
Central New England Railroad - Griffin’s Industrial Track
Emissions Reduction based on additional railcars:

Emission factors for 2015 Heavy Duty Diesel Vehicles in Hartford County (g/mi):





VOC

NOx

CO2


Expressway

0.198

4.560        1415.2

Arterial

0.314

2.846
      1417.0


Local


0.562

3.349
      1416.1


Ramp


0.268

2.499
      1415.2

Truck emission factors used:

· Average of expressway and ramp

· Arterial

Rail emission factors used:

· Average of arterial and local

Rail trips increased per year = rail trips per day x days per week x weeks per year

Truck trips reduced from roadways per year = rail trips increased x 4
.

Truck expressway emissions (kg/day) =
 truck trips reduced x miles per trip x emission factor / days per year / g/kg

Truck arterial emissions (kg/day) =
 truck trips reduced x miles per trip x emission factor / days per year / g/kg

Rail emissions (kg/day) =
rail trips increased x miles per trip x emission factor / days per year / g/kg

Net emissions reduction = total truck emissions reduction – rail emissions increased

Rail trips increased
 = 7 trips/day x 5 days/wk x 52 wks/yr = 1,820 trips/yr

Truck trips reduced = 1,820 trips/yr x 4 = 7,280 trips/yr


65% of truck trips were on expressways


35% of truck trips were on arterials

VOC

Truck emissions (expressway) =
7,280 trips/day x 150 mi/trip x 0.65 x 0.233 g/mi / 365 days/yr / 1000 g/kg


= 0.453 kg/day

Truck emissions (arterial) =
 7,280 trips/day x 150 mi/trip x 0.35 x 0.314 g/mi / 365 days/yr / 1000 g/kg


= 0.329 kg/day

Truck emissions (total)


= 0.453 kg/day + 0.329 kg/day = 0.782 kg/day

Rail emissions


= 1,820 trips/day x 40 mi/trip x 0.438 g/mi / 365 days/yr / 1000 g/kg


= 0.087 kg/day

Net emissions reduction = 0.782 kg/day – 0.087 kg/day = 0.695 kg/day
NOx
Truck emissions (expressway) =
7,280 trips/day x 150 mi/trip x 0.65 x 3.530 g/mi / 365 days/yr / 1000 g/kg


= 6.865 kg/day

Truck emissions (arterial) =
 7,280 trips/day x 150 mi/trip x 0.35 x 2.846 g/mi / 365 days/yr / 1000 g/kg


= 2.980 kg/day

Truck emissions (total)


= 6.865 kg/day + 2.980 kg/day = 9.845 kg/day

Rail emissions


= 1,820 trips/day x 40 mi/trip x 3.098 g/mi / 365 days/yr / 1000 g/kg


= 0.618 kg/day

Net emissions reduction


= 9.845 kg/day – 0.618 kg/day = 9.227 kg/day
CO2
Truck emissions (expressway) =
7,280 trips/day x 150 mi/trip x 0.65 x 1415.2 g/mi / 365 days/yr / 1000 g/kg


= 2,752.079 kg/day

Truck emissions (arterial) =
 7,280 trips/day x 150 mi/trip x 0.35 x 1417.0 g/mi / 365 days/yr / 1000 g/kg


= 1,483.774 kg/day

Truck emissions (total)


= 2,752.079 kg/day + 1,483.774 kg/day = 4,235.853 kg/day

Rail emissions


= 1,820 trips/day x 40 mi/trip x 1416.6 g/mi / 365 days/yr / 1000 g/kg


= 282.544 kg/day

Net emissions reduction


= 4,235.853 kg/day – 282.544 kg/day = 3,953.309 kg/day
Emissions Reduction based on increased speed per railcar:

Combined VOC and NOx emission factors for 2015 (g/mi):


Current speed of 6 mph

2.5 g/mi


Upgraded speed of 25 mph
1.5 g/mi

Yearly miles of travel per railcar (mi/yr) =
trips per day x days per week x weeks per year x miles per trip

Rail emissions (kg/day) = miles per year x emission factor / days per year / g/kg

Net emissions reduction = current speed emissions – upgraded speed emissions

Current yearly miles of travel per railcar


= 1 trip/day x 5 days/wk x 52 wks/yr x 40 mi/trip = 10,400 mi/yr

Upgraded yearly miles of travel per railcar


= 1 trip/day x 5 days/wk x 52 wks/yr x 40 mi/trip = 10,400 mi/yr

Current speed emissions


= 10,400 mi/yr x 2.5 g/mi / 365 days/yr / 1000 g/kg = 0.071 kg/day

Upgraded speed emissions


= 10,400 mi/yr x 1.5 g/mi / 365 days/yr / 1000 g/kg = 0.043 kg/day

Net emissions reduction = 0.071 kg/day – 0.043 kg/day = 0.028 kg/day
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