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Total cost ranges due to NOx emissions in p/km:

Conventional Diesel
3.476 – 6.004

Clean Diesel
1.699 – 3.318

CNG
0.569 – 2.054

Hybrid
1.048 – 1.358

Trolleybus (UK grid)
0.279 – 0.354

Trolleybus (renewables)
0

Calculations – Environmental Damage due to PM

CBD cycle range in g/km x cost for type of damage in p/gram
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Environmental Damage Costs to Forests, Crops and Buildings related to NOx and PM Emissions from Transit Vehicles, by Mode

Based on CBD duty cycle

Mode of Propulsion
Cost Range (in p/km)

Conventional Diesel
3.58 – 6.28

‘Clean’ Diesel
1.71 – 3.46

CNG
0.57 – 2.06

Hybrid Diesel/Electric
1.05 – 1.38

Trolleybus (UK grid)
0.28 – 0.36

Trolleybus (renewables)
0

Basic cost data from: N.J. Eyre, E. Ozdemiroglu and P. Steele (1997) in “Fuel location effects on the damage costs of transport emissions”, Journal of Transport Economics and Policy, 31 (1), pp. 5-24.
Calculations – Health Costs due to PM and NOx

CBD cycle range in g/km x health cost for specific emission in pence/gram
A. Particulate Matter related health costs
Conv. Diesel Low
1.3*5.63
7.319

Conv. Diesel High
3.5*5.63
19.705





Clean Diesel Low
0.1*5.63
0.563

Clean Diesel High
1.77*5.63
9.965





CNG Low
0.016*5.63
0.09008

CNG High
0.051*5.63
0.28713





Hybrid Low
0.017*5.63
0.09571

Hybrid High
0.23*5.63
1.2949





Trolleybus (UK grid) Low
0
0               (rural)

Trolleybus (UK grid) High
0.2*0.88
0.176        (rural)

Trolleybus (renwables) Low
0
0

Trolleybus (renwables) High
0
0

B.  Nitrogen Oxide related health costs:

Total NOx cost calculated from NOx direct health effect costs + NOx aerosols + NOx ozone (smog)

Conv. Diesel Low
22*0.18+22*0.31+22*0.14
13.86

Conv. Diesel High
38*0.18+38*0.31+38*0.14
23.94





Clean Diesel Low
10.75*0.18+10.75*0.31+10.75*0.14
6.7725

Clean Diesel High
21*0.18+21*0.31+21*0.14
13.23





CNG Low
3.6*0.18+3.6*0.31+3.6*0.14
2.268

CNG High
13*0.18+13*0.31+13*0.14
8.19





Hybrid Low
6.64*0.18+6.64*0.31+6.64*0.14
4.1832

Hybrid High
8.6*0.18+8.6*0.31+8.6*0.14
5.418





Trolleybus (UK grid) Low
1.98*0.04+1.98*0.31+1.98*0.14
0.9702        (rural)

Trolleybus (UK grid) High
3.12*0.04+3.12*0.31+3.12*0.14
1.5288        (rural)

Trolleybus (renwables) Low
0
0

Trolleybus (renwables) High
0
0

Total health cost ranges due to PM and NOx emissions in pence/km (= A+B)

Conventional Diesel:
21.179 – 43.645

Clean Diesel:
7.3355 – 23.195

CNG:
2.35808 – 8.47713

Hybrid:
4.27891 – 6.7129

Trolleybus (UK grid):
0.9702 – 1.7048

Trolleybus (renewables):
0

Health Care Costs of Transit Vehicle Air Contaminant Emissions by Mode

Based on Emissions Data for CBD Test Cycle, In Pence per Vehicle Km

Particulate Emissions (PM):

Conventional Diesel


7.3 – 19.7

‘Clean’ Diesel

0.5 – 10.0

CNG


0.09-0.3

Hybrid (Diesel/Electric)
0.1 – 1.3

Trolleybus (UK power grid)

0 – 0.2             

Trolleybus (renewables)
0

Nitrogen Oxide Emissions (NOx):

Conventional Diesel


13.9 – 23.9

‘Clean’ Diesel

6.7 – 13.2

CNG


2.3 – 8.2

Hybrid (Diesel/Electric)
4.2 – 5.4

Trolleybus (UK power grid)

1.0 – 1.5          

Trolleybus (renewables)
0

Total of NOx and PM Health Costs:

Conventional Diesel


21.2 – 43.6

‘Clean’ Diesel

7.3 – 23.2

CNG


2.4 – 8.5

Hybrid (Diesel/Electric)
4.3 – 6.7

Trolleybus (UK power grid)

1.0 – 1.7          

Trolleybus (renewables)
0

NOTES:  Figures express a cost range for each item to reflect variations in emissions shown in test data.  Since vehicle tests may not always reflect performance or vehicle condition as found in real world conditions, actual costs are likely somewhere in the middle of each range.

These figures only represent health costs related to NOx and particulate matter.  There are many other constituents of transportation emissions that have health costs associated with them, thus this information is only a partial representation of total health costs.  Information available is not complete enough to allow a calculation of the costs associated with other pollutants.

There are many different models for estimating health costs related to pollution.  Some California studies cite figures much higher than these, at $75,000 per tonne of HC, PM, NOx and VOC. The health cost calculations above were derived from pence/gram costings established for Great Britain by N.J. Eyre, E. Ozdemiroglu and P. Steele (1997) in “Fuel location effects on the damage costs of transport emissions”, Journal of Transport Economics and Policy, 31 (1), pp. 5-24.  These calculations are based on vehicle emission test data as provided by Northeast Advanced Vehicle Consortium, U.S. Office of Transportation Technologies, U.S. Environmental Protection Association, BC TransLink, Edmonton Transit System, EPCOR, San Francisco Municipal Railway.  

Global Warming Costs related to CO2 Emissions from Transit Vehicle Types
Based on CBD duty cycle

Calculated at 0.0004 pence/gram of CO2*
Mode of Propulsion
CO2 Emissions Range  (CBD duty cycle)
Cost Range

‘Clean’ Diesel
1,550 - 2,200 g/km  (mean = 1,875)
0.62 – 0.88 p/km (mean = 0.75)

CNG
1,551 – 1,896  (mean = 1,723.5)
0.62 – 0.76 (mean = 0.689)

Hybrid Diesel/Electric
1,386 – 1,881 (mean = 1,633.5)
0.554 – 0.752 (mean = 0.653)

Trolleybus (UK grid)
1,453 – 1,731  (mean = 1,592)
0.58 – 0.69 (mean = 0.64)

Trolleybus (renewables)
0
0

*See: N.J. Eyre, E. Ozdemiroglu and P. Steele (1997) in “Fuel location effects on the damage costs of transport emissions”, Journal of Transport Economics and Policy, 31 (1), pp. 5-24.

Diesel and CNG data sourced from the U.S. Office of Transportation Technologies, hybrid data from Hybrid Electric Drive Heavy Duty Vehicle Testing Project—Final Emissions Report, Northeast Advanced Vehicle Consortium, West Virginia University, February 2000.  Figures for trolleybus derived from UK grid estimates at a power consumption rate of 3.0 kWh/km.

NOTE that other greenhouse gas emissions such as NOx, CH4, CO and VOC have not been included here as data was not sufficient to perform these calculations.
Global Warming Costs related to CO2 Emissions from Transit Vehicle Types

Based on NYC duty cycle

Calculated at 0.0004 pence/gram of CO2*
Mode of Propulsion
CO2 Emissions Range (NYC Duty Cycle)
Cost Range

‘Clean’ Diesel
4,469 - 4,563 g/km
1.79 – 1.83 p/km

CNG
3,594 – 4,125
1.44 – 1.65

Hybrid Diesel/Electric
2,500 – 3,438
1.00 – 1.38

Trolleybus (UK grid)
1,744 – 2,189
0.70 – 0.88

Trolleybus (renewables)
0
0

*See: N.J. Eyre, E. Ozdemiroglu and P. Steele (1997) in “Fuel location effects on the damage costs of transport emissions”, Journal of Transport Economics and Policy, 31 (1), pp. 5-24.

NOTE that other greenhouse gas emissions such as NOx, CH4, CO and VOC have not been included here as data was not sufficient to perform these calculations.

Calculations – Total Calculable* Average Environmental and Health Costs (from Available Data) for Transit Vehicle Modes

based on CBD cycle test data, in pence per km of operation (figures represent the mean derived from a range)
Mode
Health Costs
Environmental Costs
Global Warming due to CO2 only
Total Calculable Average Costs

Conventional Diesel
32.4
4.93
0.75
38.08

‘Clean’ Diesel
15.27
2.59
0.75
18.61

CNG
5.45
1.32
0.69
7.46

Hybrid Diesel/Electric
5.5
1.22
0.65
7.37

Trolleybus (UK grid)
1.35
0.32
0.64
2.31

Trolleybus (renewables)
0
0
0
0

*”Calculable” refers to the fact that the figures only include those costs for which figures are available in the research literature.  For some emissions, no health and environmental cost figures have yet been established.  In other words, there are, in fact, additional costs, in particular in association with the in-street emissions of internal combustion vehicles, that cannot be represented here.  Complete greenhouse gas emissions data is also not available for all modes; only the most significant greenhouse contributor, carbon dioxide (CO2) is represented.

Data Sources:  N.J. Eyre, E. Ozdemiroglu and P. Steele (1997) in “Fuel location effects on the damage costs of transport emissions”, Journal of Transport Economics and Policy, 31 (1), pp. 5-24; Hybrid Electric Drive Heavy Duty Vehicle Testing Project—Final Emissions Report, Northeast Advanced Vehicle Consortium, West Virginia University, February 2000; and vehicle emissions test data provided by Northeast Advanced Vehicle Consortium, U.S. Office of Transportation Technologies, U.S. Environmental Protection Association, BC TransLink, Edmonton Transit System, EPCOR, San Francisco Municipal Railway.

Calculations – Cost of Environmental Damage due to NOx


CBD cycle range in g/km x cost for type of damage in p/gram
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