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Objective

Measure ard compare the mass emissions (carloon
monoxide, axades of rutxogen, hydrocartons, and
partculate mattear) and energy efficiency of four types
of buses: anvertional diesel, aonvernticonal diesel with
partculate tap, compressed natural gas, and hylrid-
eledric trangit buses




Methodology

eManage chassis dynamometer-lased tesirng ac the
Califarmna Truck Tesdng Service

¢ Oversee teding using converioonal droving cycle test
prococals: the Cerntral Business Digmact (CBD) and
New York Bus (NY Bus) Cycles, which have been
used extensively 1n previous research

e Compare the results to those from daher large
advanced technology bus testing projeds

eDesign a SF gpecific tes, aonduct reliminary tesing
on this cycle, and compare to the results from cther

cycles




Dynamometer Testing




CBD Cycle
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NY Bus Cycle
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Preliminary SF Three Route Cycle
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SF Three Route Cycle

Characteristic Value
Frequent stops/starts time (s) 586
distance (mi) 0.99
avg V (mph) 6.08
avg V w/o idle (mph) 8.20
number of stops 4
vehicles per hour 55
Long upgrade (17%) time (S) 167
distance (mi) 0.27
avg V (mph) 5.84
avg V w/o idle (mph) 7.43
number of stops 2
vehicles per hour 74
Low downgrade (3-5%) time (s) 138
distance (mi) 0.33
avg V (mph) 8.76
avg V w/o idle (mph) 11.07
number of stops 2
vehicles per hour 41




Comparison of Cycles

Parameter CBD NY Bus SF 3-Route
time (sec) 574 600 1473
idle (%) 18 58 21
max speed (mph) 20 31 27
average speed (mph) 12.6 3.69 6.79
max accel (mph/s) 1.93 4.43 3.6
max decel (mph/s) -3.73 -3.35 -1.75
total distance (mi) 2 0.61 2.78




Phase 1 Uncertainties

¢ Typical varation between tests

® Represertativeness of test procedure
® Passenger lcad

¢ Correcion for SOC

¢ SF' driving cycle Inconsistency

¢ Sulfur irterference with trap

¢ Testing complexaty




Variation
“There are no absolutes when referring to bus emissions”
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MUNI Preliminary Results v. Other Studies

1) Hybrid and CNG buses offered substantially
reduced emissions compared to conventional
diesel buses

2) CNG buses demonstrated the lowest NOx
emissions followed by the hybrid buses, and then
the diesel buses with traps

3) PM emission of CNG, hybrid, and diesel buses
with traps were comparable and often below the
detectable limits

4) Diesel buses exhibited the best fuel economy of
any bus; hybrid buses had superior fuel economy
during demanding cycles

5) CNG buses had the highest CO emissions of
any bus




PM
¢ The detectable limit far PM 1s aporaxd mately 0.05
grams per mile

eOn the CBD Cycdle, theCNG, hylrd, and diesel bus
with trap each had very low PM emissions inthe 0.05
range

ePM levels were similarly low farthe SF Cycle

eOn the NY Bus Cycle, PM emissions of the three
buses were again very smilar

o As expected PM far all kuses was higher on the NY
Bus Cyclethan onthe CBD Cycle




PM

Bus

NY Bus PM

9212 Neoplan CNG 0.093

9211 Neoplan CNG

0.102

9201 Orion Hybrid | 0.097

10.136

9202 Orion Hybrid

8045 NABIDiesel Trap 0.096
8044 NABIDiesel Trap 0.079

8043NABIDiesel | | 10.340
8042 NABIDiesel ‘ ‘ 0.300
0.00 0.10 0.20 0.30 0.40
grams/mi

CBD PM
9212Neoplan CNG [] 0.028
9211 Neoplan CNG 7:| 0.035
9201 Orion Hybrid [ 71 0.089
®» 9202 Orion Hybrid 0.054
: .
@ 4044 NABIDiesel Trap [0] 0.027
8045 NABIDiesel Trap | 0.044
8042 NABIDiesel | ] 0.158
8043 NABIDiesel :ﬁ] 0.108
0.00 0.10 0.20 0.30 0.40
grams/mi
SF3R PM
9212 Neopln CNG2 [ 1] 0.032
9211 Neoplan CNG2 | 0.038
” 9201 Orion Hybrid 1 |1 0,015
: 4
@ 9202 Orion Hybrid 1 [ ]0.017
8045 NABIDiesel Trap2 | 0.000
8044 NABIDieselTrap2 [ 0.072
0.00 0.10 0.20 0.30 0.40
grams/mi

Note: possible effects of sulfur in fuel




NOXx

e The CNG buses demonstrated the lowest NOx
emissions followed by the hylorid buses

eOn the CBD and NY Bus Cycles, the NOx emissions
from the diesel buses ard the diesel buses with trap
are expeded to be similar because the trap does ot
remove a siguficant amourit of NOx

oWe observed that the convertional diesel buses had
lower NOx emissions than the hylorid buses; however,
this is likely atedaong anomaly




NOXx
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HC and CO

¢ CNG buses had by farthe highest (0 emissions of
any bus. Cther buses, ircluding the diesel, oduced
very low CO emissions

¢ Tn many areas, CO emissions are nct a large concerm
any longer and the emissions oortrbution of diesel
vehicles 1n general is small

¢ Emissions of methane and non-methane are beirg
analyzed

eMany cof the HC emissians were withinthe detection
limits of the Insrumerts




Fuel Economy

o As expedted, fuel economy was poorest farthe CNG
bus and est far the converntional diesel vehicle

e F'uel economy was much beter onthe CBD Cycle
than on themore demanding NY Bus and SF Cycle

¢ Although the diesel bus with trap had superiar fuel
economy, the CNG, hybrd, and diesel trap buses
extilited much less difference 1n fuel economy on the
SF Cycle than on the dher test cycles




Fuel Economy

¢ Fuel economy from the diesel bus and the diesel bus

with trap were expected to e aimilar since properly
operatng traps do nct affect fuel economy

¢ The resultsof the SF Cycle are consistert with this
expectatian. However, the buses with traps were
more than 20 % less efficiert than the convertomal
buses onthe NY Bus Cycle




Fuel Economy

CBD Fuel Economy
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9211 Neoplan CNG
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]3.85

9202 Orion Hybrid

Bus
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]4.30
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NY Bus Fuel Economy

9212 Neoplan CNG | 1.20
9211 Neoplan CNG 1.19
9201 Orion Hybrid | 12.15
® 9202 Orion Hybrid 1.50
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SF3R Fuel Economy
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NOx on San Francisco Routes

Route 1: Pedestrian, frequent stops
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Route 3: Low grade, downhill
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Fuel Economy on San Francisco Routes

Route 1: Pedestrian, frequent stops Route 3: Low grade, downhill
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Conclusions
Preliminary tesing on canventional daving cycles
¢ The hytorid, CNG, and diesel buses with traps offered
greatly reduced emissians compared to convertional
diesel buses
e The CNG buses demonstraced the lowest NOx

emissions followed by the hylorid buses, and the diesel
buses with ttaps

e PM emissian of CNG, hylrid, and diesel buses were
s1 milar and often at the detectable lmits




Conclusions
e Diesel buses had the best fuel economy

¢ Hybrid buses had better fuel economy than CNG
buses during demanding cycles

¢ CNG buses had by the highest CO emissions of any
bus and Inferiar fuel economy

¢ These results were consistert with previous research




Conclusions

eMany cof these results will likely hald true far San
Francisco as a whole, however, prelminary evidence
suggests that differences 1n emissions and fuel
economy etween bus types may be less far San
Francisco than on the edablished cycles

¢ For localized operations, especially those on grade,
we artdcipate greatly Increased emissions and
differert reladonships bet ween the luses

¢ A San Francisco-specific daving cycle 1s being
developed to determine emissians for buses in San
Francisco




Conclusions

e There is a significart level of uncertairty in this these
prelimnary results

¢ Testing 1ssues that need to ke addressed 1n the next
round 1nclude consigternt use of low sulfur fuel, fmal
design of the hyld bus, contxalled and
represarntative passenger load, and developmernt of a
represartaove daving cycle




