K7/

C.T.I. — Creative Technologies Israel Ltd. "2 PRIw> £3'351550 25UKRP — OR.W.0

49 Dagan St. 49 127 'm
93856 Jerusalem 93856 o
Israel izl

SIMULATION OF HYBRID ELECTRIC BUSES

SECOND REPORT

submitted by
Professor Arie Lavie
CTI, Ltd.
Jerusalem, Israel
and
Professor Herbert Fox
New York Institute of Technology
Old Westbury, NY

to

Jerusalem Transportation Master Plan

February 2008

Tel.: 972-26452086, Fax: 972-2-6452489, E-mail: arlavie@zahav.net.il



L7/

C.T.I. — Creative Technologies Israel Ltd. "2 PRIw> £3'351550 25UKRP — OR.W.0

49 Dagan St. 49 127 'm
93856 Jerusalem 93856 o
Israel izl

1. EXECUTIVE SUMMARY

The Israel Ministry of Transportation (IMOT) will be introducing new hybrid electric buses onto
various routes in Jerusalem and Haifa. Such purchases are being considered because of the need
to conserve diesel fuel, because the hybrids produce significantly less air pollution and because
these buses may offer savings in maintenance costs.

The purpose of the current project is to assist in that purchase by the simulation of various
hybrids in order to choose an optimal one for operations in Israel. The simulation will be based
on code which has been validated to compare well with tested vehicles. It will permit a variety
of duty cycles to be employed so that various operations can be compared. In Section 2, below,
we review the software that has been used and some results that have been obtained there. In
Section 3 we look at the different duty/driving cycles used in this study and suggest how they
may be effectively employed.

In this project and in conjunction with the IMOT, we have been be assessing four of the many
possible hybrid electric buses available. These are all 60 ft, articulated vehicles:

# NABI 60 LFW (diesel)

# New Flyer DE60LF (hybrid)

# New Flyer DE60LF-BRT (hybrid)

# Wrightbus StreetCar RTV (hybrid)

This first was chosen so that a comparison of results with straight diesel could be obtained. The
others were selected as typical of those available for purchase and for use in Isracl. We worked
with staff at the Jerusalem Transportation Master Plan to be sure that these are the best choices.

We should emphasize that many of the largest bus operators in the United States have now
settled on the hybrid, both standard and articulated, as the vehicle of choice for the next ten to
twelve years in order to meet increasingly stringent environmental emission regulations. These
have come about because of the major performance improvements that have been seen in their
simulation and subsequent testing over a long period. Much of this work has been documented
before and is available in the literature. Typical of the reports are those in References 1, 2 and 3'.
Some new results are just becoming available from recent testing in Westchester County, New
York, and Seattle King County Metro Transit. The bus operators there have decided to deploy
hybrid buses based on extensive testing of vehicles over the last years.These results, cited in Ref.
4 and 5, are under review by the Counties and are available publicly. Needless to say, the results
confirm all earlier studies and indicate that even in the Counties duty cycle, with its many hills
and difficult route structures, hybrid performance is excellent.

! All references are provided at the end of this report.
-
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Following are presented executive summary evaluated and simulated results in this second report
of typical hybrid BRT fuel economy (mpg-miles per gallon) improvement, emissions reduction
(carbon dioxide CO2, carbon monoxide CO, nitrogen oxides NOx, particulate matter PM, and
hydrocarbon HC) which are analyzed in next sections. Following it is also presented the formula
how to convert the fuel economy improvement versus reduction in fuel consumption. The hybrid
bus presented hereby are New Flyer buses and the conventional bus is the NABI diesel bus. The
results obtained for the Manhattan, Orange County Transit Authorities (OCTA) and Central
Business District (CBD) duty cycles are results obtained from chassis dynamometer test results,
and the results for the Jerusalem duty cycle were evaluated from simulation as explained in next
section, including definition of the Jerusalem duty cycle.

Fuel Economy of Buses on Various Duty Cycles:

Manhattan | OCTA | CBD Jerusalem

Conventional Bus Fuel Economy (mpg) 1.46 2.15 2.19 2.34

Hybrid Bus Fuel Economy (mpg) 2.56 3.24 3.25 3.26

Fuel Economy (mpg) % Increase w/Hybrid Bus 74.6% 50.6% | 48.3% 39.3%

Average Values for Emission Results of Buses on Specified Duty Cycles

Manhattan OCTA CBD Jerusalem
Diesel | Hybrid | Diesel | Hybrid | Diesel | Hybrid | Diesel | Hybrid
NOx . 29.58 18.12 18.91 13.51 19.67 14.44 14.74 12.11
(gram/mile)
PM
. 0.380 0.003 0.050 0.024 0.101 0.003 0.187 0.108
(gram/mile)
CcO
. 3.13ns 2.81ns 2.29 1.55 1.77 1.55 1.66 1.07
(gram/mile)
HC
. 0.04ns 0.05ns 0.03ns 0.03ns 0.12 0.03 0.13 0.07
(gram/mile)
€O . 6714 3771 4579 3001 4587 2991 3446 2614
(gram/mile)

ns — not statistically significant

Regarding the Wright bus Street Car RTV hybrid bus there are presented in the next section the
preliminary Chassis Dynamometer test measurements according to MILLBROOK duty cycle.
The achieved fuel economy was 5.59 mpg and the emissions results were quite good (see results
there). However it is not possible for us to simulate the Street Car bus for the Jerusalem cycle
-3-
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due to lack of final information.

Following is the formula how to convert the fuel economy improvement (mpg) in % of hybrid
bus versus diesel one, to fuel consumption (gal/100 miles) improvement in %.

X= % improvement in MPG

Y = equivalent % reduction in fuel consumption measured in gal/100 miles (or liter/100 km)
neg y = just a multiplier by -1 to avoid negatives on the graph

X y negy Equal

% Fuel % Fuel

Economy Consumption

Improvement Reduction

40 -28.6% 0.29 5

For the Jerusalem duty cycle the 40% fuel economy improvement presented above is converted
to 30 % fuel consumption reduction.

As per indication following is presented the fleet summary statistics in Seattle of hybrid BRT
regarding the reduction of consumed fuel cost, operating cost and maintenance cost. Important
point to be emphasized is that the total operating cost of hybrid buses fleet is lower by 15% than
the operating cost of diesel buses fleet.

Although this is not the final bus simulation report, and this report is not aiming to recommend to
purchase any one of the tested/evaluated buses, it can presently be said that the hybrid buses with
compare to equivalent diesel buses have benefits: about 40% fuel economy improvement, about
50% emission reduction, about 30% CO2 (Greenhouse effect) reduction, about 15% operational
cost reduction. Although these benefits are not necessarily cost effective in price with compare to
diesel buses, they certainly provide a very good environmental option for hybrid BRT (bus rapid
transit) with compare to LRT (light rail transit) where the price of the infrastructure is much
more higher.

-4-
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King County Metro (Seattle, WA) Fleet Summary Statistics
Evaluation Pericd Cnly

Fleet Cperations and Economics

Diesel Hybrid Hybrid
Ryerson Atlantic South
Mumnier of Vehicles 10 10 :
Perod Used for Fus! Analysis A45—306) 4056—306] 405—3200
Tota! Mumber of Months in Pericd 12 12
Fuel Analysis Base Flest Mileage 250,587 302,048 7
Period Used for Mamnienance Op Analysis 4105—306| 405—3M08] 405308
Tota! Mumiber of Months in Pericd 12 12 12
Maintenancs Analysis Baze Fleet Misage 353 TEE 371,548 127
Average Monthly Mieage per Vehics 2848 3,088
Fleet Fusl Usags in Gal 130 DRE 114,054
Representative Fleet MPGE 250 317 A5

Hyorid compared to Diesel

Awerage Fuel Cost as Repored 1.88 1.88
per Gal 02|  perGal D2 per Ga

Average Fuel Cost per Energy Equiva’ent 188 1.88 1
Fuel Cost per Mile 0781 0.824 [1.528
Murnber of Tata Rioad Calls &0 75 E
MERC All Road Calls 5.EBE 4,254 -
Murnoer of Propu'sion System Road Calls 28 35 5
MEBRC Propulsion System Road Ca's 12,180 10,618 b
Tota! Scheduled Repair Cost per Mile 0154 0.140 0.118
Tita! Unscheduled Repair cost per Mile 0308 0.204 0.283
Tiota! Kaintenance Cost per Mile 0452 0.424 0
Total Operating Cost per Mile 1.252 1.068 0.939
Maintenance Costs

Diesel Hybrid Hybrid

Ryerson Atlantic South
Fleet Milzage 153, TRBE 371,548 43733
Tota! Parts Cost 32,555.04 36,310.88] 3818155
Tota! Labor Hows 28154 25142
Average Labor Cost 130,770,00] 125,707.50

(@ 550.00 per hour)

Tota! Maintenance Cost 163,325.04| 163,027.38| 175527.55
Total Maintenance Cost per Mile 0462 0.444 1
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2. SOFTWARE THAT HAS BEEN USED

Over the years, two software packages have been developed and tested to be used in the sorts of
simulations to be undertaken in the current work. The first, called ADVISOR, was one which
the project team used several years ago in our original simulations for hybrid vehicles in Israel.
While this package is still available, a better and more useful one has been in developed in
parallel and subjected to better and more accurate validation. This software, PSAT (Powertrain
System Analysis Toolkit), running under the standard simulation packages of MATLAB, is the
one chosen for this project.

Argonne National Laboratory of the United States Department of Energy (USDOE) undertook a
collaborative effort to develop the Powertrain System Analysis Toolkit © (PSAT) under the
direction of and with contributions from Ford, General Motors, and DaimlerChrysler. PSAT is
sponsored by USDOE. After a thorough assessment, DOE selected PSAT as its primary vehicle
simulation tool to support FreedomCAR and Fuels Partnership activities. PSAT has been used
for numerous studies to assist DOE in identifying future research directions regarding HEVs as
well as Plug-in HEVs. In addition, PSAT received an R&D 100 Award in 2004, ranking it
among the 100 best newly available products and technologies from around the world. PSAT is
currently used by more than 300 researchers worldwide in more than 60 companies and
universities.

PSAT is a "forward-looking" model that simulates fuel economy and performance, especially
emissions, in a realistic manner, taking into account transient behavior and control system
characteristics. It can simulate an unrivaled number of predefined configurations (conventional,
electric, fuel cell, series hybrid, parallel hybrid, and power split hybrid). Because of its forward
architecture, PSAT component interactions are "real world."

This capability, when combined with the engineering, development, and testing resources at
Argonne, substantially enhances USDOE's ability to assess the potential of advanced automotive
technologies and streamline the development process for promising technologies. Moreover,
PSAT has provided significant benefits to industry vehicle designers and university researchers
as evidenced by their growing use of PSAT for both production-oriented and research design
activities.

Within PSAT we can study, at least, the following:

> Fuel economy. See below for some results developed by PSAT for hybrid automobiles.
> Performance. In this regard all emissions are accounted for so that comparison to
regulations can be undertaken and clear comparison of differences is afforded.
> Component sizing. Should the IMOT decide to modify the vehicles being offered, PSAT
-6-
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provides the tools to assess appropriate changes.

> Gradeability. Clearly, and especially within the Jerusalem environment, gradeability is a
critical feature; PSAT permits looks at effects of grades and their impact on performance.

> Parametric studies. As we compare the various buses we will be able to make valid
performance comparisons between them.

> Drivetrain configurations. For hybrids, PSAT permits a wide variety of configurations

for simulation: standard diesel, series, single shaft parallel, double shaft parallel, power
split parallel. In addition the PSAT library contains many of the typical bus components
that will facilitate our use of the software.

> Drive and build drive cycles. There are, of course, standard drive cycles built into PSAT.
Should these not prove acceptable, it is relatively easy to create our own that more meets
the Israeli requirements.

> Design tools. While we will not need this capability, in the vehicles design process
PSAT permits optimizing components, control strategies and so on.

While we do not wish to overburden this preliminary report with results from other studies, it is

instructive to see some data from other hybrid simulations. These, provided by the PSAT

developers, and shown in Exhibits 1 and 2, below, present fuel economy and state-of-charge for

both the Toyota Prius and the Honda Insight under a variety of driving cycles.

Clearly these results are excellent. While there are no comparable results on emissions available,

we should understand that when fuel consumption is predicted accurately, then given the

relatively straightforward conversion to the combustion process, even with tailpipe captures,

emissions are generally accurately modeled as well.

-7-
Tel.: 972-26452086, Fax: 972-2-6452489, E-mail: arlavie@zahav.net.il



4

C.T.I. — Creative Technologies Israel Ltd. "2 PRIw> £3'351550 25UKRP — OR.W.0

49 Dagan St. 49 127 'm
93856 Jerusalem 93856 ooy
Israel X
Exhibit 1
Toyota Prius Results

Exhibit 2
Honda Insight Results

3. DUTY CYCLES THAT HAS BEEN USED

In many countries world-wide, there is a growing interest in the use of alternative fueled buses.
This is especially true in those cities where environmental issues are coming to the fore and
where there are older and historic buildings adversely affected by emissions. The purpose of our
overarching project is to assess the status of alternative fuel technologies to see which are
applicable, in general, to the Israeli market and, in particular, to the major cities in Israel.

Our goal is to look at the current status of the results from testing of existing fleets of alternative
fueled vehicles now on-going in the United States to assess outcomes and see if the vehicles can
effectively be employed in Israel. In particular we are studying the following issues:

-8-
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# environmental benefits (emissions of particulates, NOy, CO/CO,, unburned

hydrocarbons)

economic benefits

ability to integrate new systems into existing fleets

maintainability of the new systems

fuel availability, as applicable

safety issues - maintenance and personnel

passenger comfort and desirability (for example, low floor vs. high floor vehicles)
duty cycle consequences

vehicle cost factors

potential return on investment

H= H FH H H H S H H

Technologies we assess are those that have had rigorous evaluations so that a real data base can
be developed for use in Israel. In addition we will need to evaluate these technologies in the
Israeli environment and duty cycles so that adequate prediction of performance can be obtained.
Clearly, the best way to do so, short of purchasing vehicles, is through simulation.

In this effort we take the point of view of the naive user. This is one who comes to ADVISOR
and wishes to apply it directly without burrowing into the details of MatLab files or the
simulation itself. That is, we wish to simply apply ADVISOR to current experimental results,
evaluate the results and then see if they can be used to predict performance directly or just
predict trends qualitatively.

The source of test data for this effort comes from a detailed experimental effort to measure bus
performance and emissions. The Northeast Advanced Vehicle Consortium initiated the testing
of hybrid-electric buses to demonstrate the energy efficiency and emission performance of “State
of the Art” hybrid-electric heavy-duty vehicles with respect to late model conventional diesel
heavy-duty vehicles and alternative fuel CNG buses. An independent team of engineers and
scientists facilitated the evaluation consisting of personnel from M.J. Bradley & Associates and
West Virginia University. Project participants included transit operators from Boston,
Massachusetts and New York City who own and operate the buses. Several original equipment
bus manufacturers, engine manufacturers and hybrid drive system manufacturers were on hand
to assure that the testing was uniformly conducted and reviewed.

Emissions measured over a variety of driving cycles included: nitrogen oxides, carbon
monoxide, carbon dioxide, organic compounds and particulate matter. Fuel economy for each
vehicle was also determined.
For the study presented here, two buses were simulated to compare to the data from Ref 1.
9.
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Exhibit 1 summarizes the basic characteristics of these buses:

Exhibit 1
Forty-foot buses tested

Bus OEM Bus Chassis Drive Engine / After-

Model year treatment
Nova BUS RTS 3 speed DDC Series 50/ | Oxidation

1998 catalyst
Orion VI LMCS hybrid DDC Series 30/ | NETT

1997 & 1998 particulate filter

trap

The testing encompassed several different bus cycles. Those relevant to our study are shown in
Exhibits 2 and 3 and discussed briefly below.

The central business district (CBD), which appeared as the Society of Automotive Engineers
(SAE) recommended practice J1376, is commonly used to evaluate transit buses; it is included as
one the many driving cycles available from within ADVISOR. The CBD cycle (see Exhibit 2) is
typically used to evaluate transit buses and is made up of 14 identical sections containing an
acceleration to 20 mph, a cruise at 20 mph, braking to a stop, then dwell. The total cycle covers
2.0 miles over 600 seconds. While the CBD cycle is repeatable from a driver in the loop
standpoint, it has several drawbacks. The acceleration rate is fixed which tends to favor buses
with five speed transmissions and larger engines. The cycle is dominated by the 20-mph cruise,
which penalizes buses that are not geared for optimum efficiency at that particular speed. The
deceleration from 20-mph is twice as fast as the acceleration to 20-mph, 4.5 seconds versus 9
seconds, which is not typical of actual in-use driving. The average speed for the CBD cycle is
12.6 mph, generally faster than that observed by most transit operations.

As a consequence and despite its adoption by the SAE, this test cycle often does not seem to
accurately reflect actual service routes in many transit districts. Therefore, additional cycles (as
following described) were used in this study for which experimental results are available.

-10-
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Exhibit 2: CBD Bus Cycle
Exhibit 3: NY Composite Bus Cycle

Central Business District Cycle
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The New York City Composite cycle, also available with ADVISOR, (see Exhibit 3) comprises
acceleration and deceleration rates over a wider range of variation than the CBD. The NY
Composite cycle represents a mix of inner city and urban transit bus use that allows for the bus to
reach and sustain greater speeds. The average speed of the NY Composite cycle is 8.8 mph. It
may be noted that it is an extremely difficult cycle for both the driver and the bus itself to follow
accurately due to the large number of rapid speed changes (indeed we found that as well in the
ADVISOR results). Buses that are powerful enough to follow the cycle are penalized by
following a difficult cycle while less powerful buses effectively cheat the cycle, getting better
fuel economy as a result. In any case most transit operators would suggest that actual operations
(and thereby performance) likely lies between the Composite and the CBD. For design purposes,
then, these are useful for our validation, and by extension, for our prediction study.

Following are described additional duty cycles used in this study to comply with experimental
data provided by bus transit companies operating hybrid buses mainly in USA.

OCTA (Orange County Transit Authority) Test Cycle

The OCTA bus cycle is derived from real bus operating data and reflects a

wide variety of accelerations, decelerations and cruise operations. In this way the
cycle more closely imitates the variety of operation found during real bus use. Use
of the OCTA cycle is in keeping with the trend of employing real world cycles that
closely mimic real vehicle operation for emissions factor development. Figure 4
graphically represents one OCTA cycle.
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Figure 4. Orange County Transit Authority Cycle
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Manhattan Test Cycle

The recommended lower speed operation cycle is the Manhattan Cycle,

which is representative of transit bus operation in city service. The Manhattan
Cycle (Figure 5) was developed by West Virginia University from data logged from
buses in operation in New York City.

Speed (mph)

) ,,,h,; [ATHILTTRIN

0 200 400 600 800 1000 1200
Time (seconds)

Figure 5. Manhattan Cycle

Two additional cycles were used in the test project; these were the
Braunschweig and the ADME-RATP Parisian bus cycle which are illustrated in the
Figures below.

According to the Dieselnet website the Braunschweig City Driving Cycle

cycle was developed at the Technical University of Braunschweig. It is a transient
driving schedule simulating urban bus driving with frequent stops. The ADME-
RATP Paris cycle was developed by the Environment and Security Department of
the Parisian Public Transport together with INRETS. The objective of the Paris
effort was to develop a cycle representative of real world driving conditions in
Paris.
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Now we turn to the application of ADVISOR. Perhaps the easiest way to see our input data
(again from the point of view of the naive user) is to look at ADVISOR displays directly. Note
that we use three configurations for comparative purposes. The first (Exhibit 4) is used to
predict fuel consumption for the standard diesel. Unfortunately the engine map from ADVISOR
does not provide emissions data. We developed a second, with a scaled up engine, to use for the
emissions validations (Exhibit 5). The last is a hybrid electric (Exhibit 6). All employed
catalytic converters with appropriate power train controls. Note also that each case was run for
four complete cycles.

Results are shown in Exhibits 7 and 8, for the standard diesel and the hybrid, respectively. Note
that each exhibit displays the data separately for the CBD cycle and for the New York Composite
cycle. For performance and emissions, inspection of these results suggests the following:

# Fuel economy is well modeled. Comparative results indicate about a 10% difference
between ADVISOR and the experiments.

# For the standard diesel, CO results are poor; there is a significant understatement of these
emissions. For the hybrid case, experimental emissions are about half those of
ADVISOR. Note that errors between the vehicles are in different directions: the standard
diesel underpredicts, the hybrid overpredicts.

Particulates are not modeled well for either vehicle on either cycle.

Unburned hydrocarbons (HC) are reasonably well modeled by ADVISOR. This is
particularly true for the hybrid.

# NOx is very well modeled. Results seem to follow measurements accurately.
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Exhibit 4Standard diesel — fuel use model

Exhibit 5
Standard diesel — emissions model
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Exhibit 6
Hybrid electric model
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Exhibit 8
Validation Performance and Emissions Results
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Finally we return to the original motivation for this effort and look at some results that may be
considered typical of the major cities in Israel, Tel Aviv and Jerusalem. For the former, given its
location on the Mediterranean, it would appear to be adequately modeled with the cycles shown
earlier. And the trends developed there can be safely used for evaluating buses for them.

Jerusalem presents a different picture. Here grade is critical because of the nature of the
topography and typical bus routes. For our purposes, in this preliminary assessment and to
develop trend information, we present some data with the New York Composite cycle and the
hybrid electric vehicle. We used two types of grade input. The first is a constant grade of 2%
(available from within ADVISOR itself); the second is a variable grade shown in Exhibit 9 and
developed by us. Comparative emissions and fuel use are shown in Exhibit 10, using the results
from Exhibit 8 as the base. As might be expected, the effect of grade is considerable and bears
heavily on choices for vehicles.
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Exhibit 9
Variable Grade Model
Q Dirive Cycle IE_I,u:_ce j
A0 Cyc_ce 450 Trip Builder
— key on Time Step I 1 # of cycles I 1
ol : greigtdion {2400 [ S0C Comection [ Cycle Filter
= T
5 2
% 20+ 43350 E Initial Conditions
m =
= % [~ Constant Road Grads
o -
10 I 2200 o [T Interactive Simulatic
ﬂ . | Inone j ‘
D n 11 Iﬂiﬁ Ijh'l !Illf 1} 1 1 11 325D
0 00 200 00 200 1000 18 L1 TestProcedure [ TEST_CITY_Hw'Y 52
time (sec) Additional Tests
Speed/Elevation vs. Time - [T acceleration Test Accel Options
p
" Description & Statistics [ Gradeability Test at Grade Options
time: 1029z 2
- # of bl -
Cyc_ce distance; 251 miles I Parametric Study = = 7= I-I : j
51| - & speed: 36 miph ‘Wariable 1 Lo High  #Fis
avg speed; £.76 mph [veh_mass ] | 16940 | 16340 | 3
ey max accel 1349 ftAs"2 Variable 2
o 40 max decel: 127372
=3 awg accel 1.5E ft/s"2 IVEh—CD j I 0.7 I 0.33 I 3
E - avg de_cel: 176 fris"2 Wafelilla
2 idle time: Ms [ver e =l | o516 || toose |3
o na. of stops: 19 —
maw up grade:; 3% ;
DD 20 100 avg up grade: 13% Load Sim. Setup
Speed (mph) maw dn grade: 4 & Optimize cz vars
avg dn grade: 23%
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Exhibit 10
Effect of Grade - Hybrid Electric

Composite Driving Cycle
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To further add a realistic look at what happens in a city like Jerusalem with its many hills, we
further modified the grade component of both the cycles discussed earlier. Reference should be
made to Exhibits 11 and 12 where grade versus distance is shown for the CBD cycle. Two basic
cases were modeled: In the first (Exhibit 11), there is a single peak for the cycle; in the second
(Exhibit 12), we have modeled a typical ride up and down hills in the two or so miles for the
cycle. In addition we also doubled the maximum elevation driven. This gave us a set of four
runs for comparison purposes. And although not shown here, the same four cases were
introduced to the New York Composite Cycle.

Results for the hybrid electric bus are provided in Exhibits 13 and 14 for the CBD and
Composite Cycles respectively. Fuel economy and emissions results are what might be expected
and lead again to the suggestion that, at least qualitatively, ADVISOR provides appropriate trend
information for evaluating bus performance and the advantages of selecting one type of vehicle
over another.
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Exhibit 11

CBD Cycle

One peak in each cycle

* Diive Cycle fcrc_ceosusz x|
CYC_CBDBUSZ Trin Bilder
20 . : : 0 2
/ Time Step I 1 # of cycles I )
[ S0C Conection [ Cycle Filker
15 {20 i’
= — speed =
= \\ / — elevation =
=1n 140 & Initial Conditions
@ =
2 % [T Constant Road Grade
¢ E [ Interactive Simulatic
=13 —-60
cl [rone H |
0g 05 1 TE 5 > Ol TestProcedue [TEST CITY_ Hur =l
distance (miles] Additional Tests
ISpeeda‘EIevation vz, Distance j [T Acceleration Test W
" Desoription & Statistics [T Gradeahility Test at W
tirne: Aid s :
: # of wariables I ,I
CYC CBOBUS? distance: 2.01 miles I™" Parametric Study 1
B0 B man speed: 20 mph Yariable 1 Low High  #Pts
avy speed: 12.58 mph I'-feh_mass j I 15340 I 16340 I 3
= max accel 137 ftHsA2 i ariable 2
= 40 max decel: -B.BIftAs"2
o avg accel 267 ftis"2 IVEh—':D j I g7 I 0.33 I 3
5 avg decel: B.4B /"2 aifialille T
520 idle time: 113 [rer_re. = I R EE
o no. of stops: 14 —
maw up grade: 1.3% -
I:||:| e0 100 avg up grade: 12% Laad Sim. Setup |
Speed imph) maw dn grade: 1.3% Optimize cs vars |
avg dn grade: 1.2%
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Exhibit 12
CBD Cycle
Two peaks in each cycle
g Drive Cycle [crc_ceoeuse x|
CYC_CBDBUSA Trip Builder
20 T 0
/ Time Step | 1 # af cycles | 4
15 a0 [T SOC Conection [ Cycle Filker
= ;L speed E‘
= — elevation =
=0 {40 S Initial Conditions
@ =
:J'{ % [~ Constant Road Grade
5 A0 E [T Imteractive Simulatic
0 e oo H |
0 : ! 80 C | Test Procedure >
0 05 1 15 5 25 TEST_CITY_HwY
distance (miles] Additional Tests
ISpeeda’Elevation vs. Distance j [ Acceleration Test W
" Description % Statistics [T Gradeability Test at W
1= A7z -
: # of wariables I .I
CYC CEDEUSS distance: 2.071 miles I Parametric: Study ! :
B0 - maw speed: 20 mph Wariable 1 Ly High # Pts
avg speed: 12.58 mph [veh_mass ] | 15940 | 16340 | 3
= max accel: 33772 .
) . ‘Wariahle 2
= 40 max decel: -B.B3 ft/s"2 o
g avg accel 2E7 ItAs72 I"’Eh—ED j I 0.3 I 0.3 I 3
E - ava de.cel: 548 A2 Yariable 3
2 idle time: 1553 [veh_Fa El | Bosis || 100516 || 3
o na. of stops: 14 -
ria Lp grade: 253 .
DEI = 0 avg up grade: 5B % Load Sirn. Setup
Speed (mph) maw dn grade: 28 Optimize oz vars
avg dn grade; 28%

THE NEW YORK COMPOSITE TWO PEAKS CYCLE IS CHOOSEN IN THIS
REPORT TO BE THE JERUSALEM DUTY/ DRIVING CYCLE
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Exhibit 13
CBD Results
Approximate Number Fuel HC CO NOx PM
maximum of grades use (grams/mile) (grams/mile) (grams/mile) (grams/mile)
elevation per cycle (mpg)
(feet)
0 0 4.6 0.083 0.205 18.179 0.287
65 1 4.3 0.087 0.212 19.133 0.295
65 2 3.8 0.085 0.216 22.704 0.299
130 1 3.9 0.088 0.220 22.142 0.302
130 2 3.7 0.090 0.226 23.324 0.305
Exhibit 14
New York Composite Cycle Results
Approximate Number Fuel HC CcO NOx PM
maximum of grades use (grams/mile) (grams/mile) (grams/mile) (grams/mile)
elevation per cycle (mpg)
(feet)
0 0 3.8 0.175 0.406 18.614 0.465
75 1 3.7 0.179 0.415 18.927 0.468
75 2 3.6 0.185 0.427 19.552 0.472
150 1 3.5 0.187 0.423 20.157 0.472
150 2 34 0.192 0.445 20.879 0.482
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4. STREETCAR SIMULATION

At Millbrook, UK, buses are tested on a dynamometer against a 159 London bus in normal
service that has been captured in its entirety for simulation purposes. Test hybrid buses are
"driven" to follow the actual bus journey. This typical London route starts at Brixton and travels
through the heart of the city before traveling out the other side to a similar London suburb. At
least 3 satisfactory runs are undertaken to arrive at an average performance. The buses are
usually weighted to represent 50% average occupancy.

Buses are measured for NOx; CO; HC; particulates; fuel consumption/CO2. Since Millbrook
undertakes most of the conventional diesel bus tests as well, they are able to provide comparative
data of hybrid improvement against conventional equivalents.

Incidentally, the Las Vegas hybrid were at Millbrook from July 2007 for 3 months gone through
a complete homologation testing routine, including the hybrid performance testing. Development
work there is dynamic and therefore they made regular emission improvements. However the
initial Millbrook test results were for the single and double deck hybrids:

Single deck [12.5t]

Double Deck [18t]

NOX 1.43  Gms per K. 6.7 gms per K

HC 0.012 "o 0.006 " "
CcO 0.051 "o 0.095 " "
Particulate 0.079 "o 0.02 " "
Fuel Cons. 10.65 Miles Per Gal.  8.65 Miles Per Gal

Actual performances will always be route specific dependent on topography, how drivers
use/abuse the bus, the stop/go characteristics of the vehicle, national/local government
political restrictions, etc. For example London originally insisted that the diesel engine
always tick over rather than cut out when not needed.

Experience to date suggests that actual emissions performance are likely to be good but less
compared to test conditions. For example they can achieve 9.0-9.5 mpg on a single deck against
the conventional equivalent of ¢.7.0 mpg but less than the Millbrook results of 10.6. All the
factors listed above play their part, particularly how well the driver is trained and adheres to

hybrid bus driving conditions.

Following are the preliminary evaluated results regarding the STREETCAR hybrid BRT tests
(emissions and fuel savings) in MILLBROOK. At the beginning is presented the bus chassis as
considered in our program and picture of the bus.
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5. EVALUATION AND SIMULATION RESULTS
For each bus selected for the simulation, we need the following typical data:
Complete specification of the drive train:
a) Parallel or series
b) Internal Combustion engine, size and manufacturer (for diesel and for bio-diesel)
c) Battery type, manufacturer, number and sizes
d) Special control strategies if any
Complete specification of the vehicle itself:
a) Weight
b) Height
c) Length
d) Drag coefficient
As pointed out earlier, many component manufacturers have offered their specifications to the
PSAT development community so that vehicles can be modeled quite easily. On the other hand
new data can be inserted into the component data base so that just about all hybrid buses would
be available for simulating in the current project.
The final requirement is the establishment of the driving cycle. We will likely employ standard
ones for these simulations as well as those perhaps more typical of the duty cycle in Israel.
With all these specified, results that can be expected include, but are not limited to:
Fuel consumption
State of charge
Exhaust temperature range
Cumulative heart rejected
Oxygen flow rate
Particulate matter emission mass flow rate
Nitrogen oxide emission mass flow rate
Carbon dioxide mass flow rate
Unburned hydrocarbon emission flow rate
uch results will permit:
Selection of a bus optimized for a particular driving cycle
Selection of the optimal bus for all driving cycles
Prediction of savings in fuel that might be realized with the introduction of a hybrid bus
Prediction of savings in emissions that might accrue with the selection of a hybrid bus

VVVVLXYVYVVYVVVVVY

All together these results will make an important step to the selection of appropriate hybrid
electric buses for Israel and assist the Ministry of Transportation in its efforts.

Following are presented the specifications, evaluation and simulation results of the New Flyer
DEG60OLF -BRT hybrid bus.
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cBD CO | CO, | NOx | HC | PM

g/mile | g/mile | g/mile | g/mile | g/mile
Conventional | 1.77 | 4587.0 | 19.67 0.12 | 0.1010

E” System 1.55 | 2991.0 | 1444 0.03 | 0.0030
Improvement | 14% 53% 36% 300% | 3267%

OCTA CO CO, NOy HC PM
g/mile | g/mile | g/mile | g/mile | g/mile
Conventional | 2.29 | 4579.0 | 18.91 0.03 | 0.0500
E” System 1.55 | 3001.0 | 13.51 0.03 | 0.0240
Improvement | 48% 53% 40% 0% 108%

Cco CO, NOy HC PM
g/mile | g/mile | g/mile | g/mile | g/mile
Conventional | 3.13 | 6714.0 | 29.58 0.04 | 0.3800

E” System 2.81 3771.0 | 18.12 0.05 | 0.0030
Improvement | 11% 78% 63% -20% [12567%

Manhatten

CO CO; NOx HC PM
g/mile | g/mile | g/mile | g/mile | g/mile
Conventional | 1.66 | 3446.0 | 14.74 0.13 | 0.1870

E” System 1.07 | 2614.0 | 12.11 0.07 | 0.1080
Improvement | 55% 32% 22% 186% 73%

Jerusalem

g/mile | g/mile | g/mile | g/mile | g/mile
Conventional | 1.77 | 6193.2 | 30.27 0.20 | 0.1511

E” System 1.77 3999.1 | 21.00 0.08 | 0.0619
Improvement 0% 55% 44% 150% | 144%

6]0) CO, NOx HC PM
g/mile | g/mile | g/mile | g/mile | g/mile
Conventional | 0.76 | 4576.4 | 21.85 0.12 | 0.0959

E” System 0.77 | 2956.3 | 15.11 0.03 | 0.0335
Improvement | -2% 55% 45% 300% | 186%

Braunschweig

The results presented above are valid for the Allison hybrid transmission installed in this bus.
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Following is a short description of the Allison hybrid system.

The evaluated and simulated results obtained for the New Flyer DE60LF-BRT bus could be
relevant also for other hybrid buses like the New Flyer DE60LF and the APTS Phileas 60 BRT
bus as described following. In the final report we will summarize also the final evaluation and
simulation results to be obtained for the STREETCAR, the APTS Phileas 60 and the NABI 60
LFW articulated bus.
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