




















Hybrid technology is only being evaluated by a few transit properties but seve7atFiavtl,
plans to trial this very promising combine,tion of reliable diesel and electric drive
tnnhnofofJies. ~miJ:iJs.lQruLle,\(,~l~JmmJ)YRriQJ21!'§Q,;;tJJ~y.~~.J?,,~~rL,Q~n'lJ~9.J}LE!:!Yl~(?!l~.~~t
.9:;illSdaAorl..a!J.bst Uni~dJ?1?:!~~J:'nY1IQD.!J1JWlaLe,(Qt.EK;ttq!t{~Q~~E~' I'iybrid buues are
Gleaner than either diesel or eNG buses. A comparison of their emissions is in the
following chart. .

COMPARAnVE EMISSIONS - DIESEl, eNG, HYBRID
(In GramslMile)

Technolggy PM,o NO~ CO , CO2I

Diesel 0.187 22.00 5.20
,

2984
eNG 0.025 20.80 9.00 2483
Hybrid 0.027 10.62 0.13 1761

A category of emission that has not been confidently measured is road dust. Road dUst
comprises fine particles from brake and tire wear, soot, building construction sites, etc.
In 1990, it was estimated road dust accounted for 50,600 tonnes of particulates, or over
three times the estimated total PM emissions in the air in the Vancouver region,
rendering transit's contribution to this contaminant insignificant.

Of th~ air contaminant emissions addressed above, the PM 1O, PM2.5' NOx, SOx and vaG
represent a health hazard.. However, the social impact on health care costs has not
been accurately quantified. Estimates vary Widely. b!J ~mate _QL~.z5,QQ.Qj).-QrJQ!10~

~as.genera"y been ~Cge1?te9 as a Q~, For the Vancouver region, this would translate
into a social cost of $10.43 million per year resulting from translt's contribution of about
139 tonnes per year of these contaminants to the atmosphere.

Noise emissions also have an environmental impact. And while all current transit bus
technologies meet the federal Ministry of Transport noise emission requirements, some
technologies are noisier than others. The relative noise levels for the five technologies
addressed in this paper are:

RELAlIVE NOISE lEVU;::lS

Diesel
eNG
Trolley
Hybrid
Fuel Cell

83 dba
75 dba

<50 dba
Unknown
75dba

In an urban centre such as downtown Vancouver, noise will be amplified by the
proximity of the buses to tall buildings and Uie "pollution" effect is further influenced by
the frequency of the noise. E.g., While the absolute noise level of a eNG bus is lower
than that of a diesel bus, its different frequency causes a resonance that is more
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perceptible to the human ear. The ETB on the other Iland, has been labeled by some
transit authorities as the bus that goes "woosh" and is more suited to service in dense
urban areas.

QPERATING IMPACTS'

There are a number of operating, impacts associated with each of the technologies
under discussion. Parameters that affect the performance of' a vehicle include
acceleration, hill-climbing ability, range, top speed, fuel consumption, mechanical'
reliability, and brake wear, as examples. These parameters will impact operating costs,
assignability to routes, operating, safety and size of fleet required to provide a specified
type of service"

A bus that has good hill-elimbing ability, top speed and passenger carrying capacity has
the fleXibility of being assigned to any route in the Vancouver region. The ETS, whioh
has good acceleration, is easy to move around in dense traffic; however, its flexibility is
limited by the need to operate under a fixed power grid. Heavier buses such as eNG,
hybrid and fuel cell, cany fewer passengers and, therefore, are not effective on routes
having high passenger density. Heavier buses also have more wear and tear on tires,
brakes and suspension, resulting in higher maintenance costs and lower service
availability. Lower service availability requires a higher ratio of spare vehicles to meet
an equivalent .service demand. All these operating factors are accounted for in the
operating cost data used to develop life cycle costs for each of the existing
technologies. .

Special fuel bUses, such as eNG and the fuel cell, require special fuelling and
maintenance infrastructure which in turn leads to higher initial capital costs and facilities
maintenance costs. The linking of a bus to a unique fueling infrastructure also restricts
the flexibility of assigning the bus to another depot to meet changing service patterns.

In concluding the discussion of operating impacts, the type of bus technology selected
will determine the ability to meet specified service levels and will also impact the
resources required to deliver that service.

CUSTOMER ISSUES

Customer issues related to the bus technologies discussed in this report are on-time
service(reliability), oomfort(seating oapacity, smell, and noise), and safety. Customer
surveys indicate that customers would like their buses to arrive on schedule, and get to
their destination on time, safely. They prefer to sit on longer routes, with standing being
acceptable on shorter, denser routes.

Of the three existing technologies, diesel provides the customer with the most reliable
service at present. Diesel buses also carry the most passengers Witll the largest
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proportion of seated 1000. Diesel is closely followed by the ETB in terms of reliability
and carrying capacity. However, the ETB provjdl:~s tile customer with a quieter,
smoother and "odour-free" ride. The eNG buses do not carry as many passengers
(a1flir)·ugh they offer the same number of seats), do not have the distinctive "diesel"
oduur, but are less reliable than the diesel und ETB.

There Is insufficient experience to date to qualify customer acceptance of hybrid and
fuel cell technologies. Earty indications are that response has been positive to both
these technologies. Natural gas and hydrogen are fuels that are perceived to be more
dangerous by both the customer and transit staff alike. However, if all maintenance is
conducted in accordance with the requisite, schedules" and safety procedures are
observed, buses using these fuels are as safe as any other is.

CONCLUSIONS

In conclusion, there are only three viable technologies currently available to transit
agencies: diesel, electric trolley and natural gas. Hybrid technology will be
commerciaJly available within two years, although some manufacturers are offering it
now at a premium co~t. Fuel cell technology will not be commercially available for a
few years, once cost and reliability issues have been addressed.

Df the three current technologies, diesel and electric trolley provide the best adjusted
life cycle cost. This only holdstrue, however, if the trolley network j's not expanded.

The overall impact of the transit fleet emissions on the quality of air in thc" region is
insignificant in al! categories of measured contaminants and greenhouse gases. Diesel
and eNG emissions are similar, except for partiCUlates and carbon dioxide, where
diesel is higher. Hybrid buses have a better emissions profile than eNG buses. Both
trolleys and fuel cell buses, however, have the least impact on the region's air quality
due to their being considered "zero-emission". The trolley bus offers the lowest level of
noise pollution to the population of the region.

From an operating perspective, the cllaracteristics of each type of bus ,impact operating
oosts, assignability to routes, operating safe1y and size of fleet. Troll(~ys are restricted
to tile overhead power network, but are ideal for use on densely used routes and where
traffic is heavier. eNG, hybrid and fuel cell buses are more suited to less dense service
routes due to their limited passenger carrying capacity. From a customer perspective,
the diesel bus provides the most reliable service at present and proVides the largest
proportion of seated load, closely followed by the trolley bus. The trolley has the added
benefit of providing a quieter, smoother and "odour~free" ride. There is insufficient
information available on hybrid and fuel cell buses to draw any conclusions in terms of
operating and customer service issue~~.
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The purpose of this Board report is to provide information on the following: .
• Status of the CNG bus procurement;
• Financial and service level impacts of adding 95 CNG buses to the fleet; and
• Financial and contractual implications of implementing a change order under the

existing contract with New Flyer to convert some of the CNG buses to Diesel
buses with Diesel Particulate Filters.

BACKGROUND

Requestfor Information

At the Board Orientation Sessions held in January 2006, the Board requested an
information report for receipt at the March 6, 2006 Board Meeting regarding the CNG
Bus Procurement.

eNG Bus Procurement

In July 2005, the Board received a report outlining the evaluation of Proposals received
for the supply of standard low floor transit buses and r.onsidered a recommendation by
staff to procure diesel buses with Diesel Particulate Filters (DPFs). The Board directed
staff to procure standard CNG buses within the approved project budgets.

In December 2005, the Board received for information a report providing an update of
the CNG bus procurement and implementation.

Environmental Policy and Emissions Policy

In October 2003, the Board approved TransLink's Environmental Policy and
Environmental Management System. The policy and management system provide the
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framework for decisions regarding the planning, managing or implementation of
programs that have an impact on the environment and for meeting regulatOly
requirements, environmental commitments and corporate mandate.

In May 2005, the Board received for information, a report outlining the process for
development of a Fleet Emissions Policy. The Emissions Policy will support
TransLink's Environmental Policy and the environmental objectives and targets
identified to date.

The 2005-2007 Three Year Plan outlines TransLink's commitment to continued
environmental responsibility through the planning, provision and maintenance ofregional
transportation services. Initiatives such as service expansion and service enhallcement,
procurement of zero emission electric trolley buses, implementation of two new light rail
lines (Canada Line and Evergreen Line) utilizing zero emission electric trains, regular
maintenance and replacement of existing vehicles, Leadership in Energy and
Environmental Design (LEED) certification for new facilities, and contaminated soil
remediation are some examples of TransLink's commitment to continued environmental
responsibility.

An update on the development of the emissions policy and related work is included in
Appendix A.

Bus Technology and Altemative Fuel Demonstration Project

In May 200\ the Board received for information, a repmi describing the Bus Technology
and Alternative Fuel Demonstration Project. The first phase of the Project began in
August 2005. The purpose of this project is to test and evaluate technologies and fuels in
a controlled program of actual revenue service to provide performance and emission data
relevant to TransLink's operating environment.

An update on the work to date for the Bus Technology and Alternative Fuel
Demonstration Project is included in Appendix A.

DISCUSSION

Status ofthe eNG Bus Procurement

Based on the Board direction to procure the CNG buses within the approved project
budgets, staff detennined that 95 CNG buses could be purchased (55 buses for service
expansion and 40 buses to replace buses at the end of their service life) rather than the
approved project scope of 107 buses (55 expansion buses and 52 replacement buses).
This is primarily due to the higher capital cost of CNG buses (over $60,000 per bus) and
the required fuelling infrastmcture upgrades ($2.2M).
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A contract was signed with New Flyer in October 2005 for the purchase of up to 95 buses
standard CNG buses, 73 buses as a base with an option for up to an additional 22 buses to
be exercised before Iv1a1'ol1 31, 2006. Delivery of the 55 expansion buses will be
completed prior to September 2006 and delivery of the 40 replacement buses w111 be
completed by November 2006. The first production buses are scheduled to arrive in June
2006 and the pre-production pilot bus is scheduled to arrive in the last week of May
2006.

Financial Impacts

A life cycle cost analysis was completed to determine the most cost effective solution for
operating the CNG fleet. The viable options included:
1. Operate entire CNG fleet at Port Coquitlam Transit Centre (peTe);
2. Operate entire CNG fleet at Surrey Transit Centre (STC); and
3. Split the CNG fleet between PCTC and STC.

Operating the entire fleet of 120 CNG buses (25 existing and 95 new) from PCTC is the
lowest cost option, primarily because ofthe existing CNG infrastructure. However, the
capacity of the existing fuelling infrastructure at PCTC is 75 buses and, therefore,
upgrades are required to support the new buses. As well, service inefficiencies such as
additional deadhead and operator relief costs result from the need to transfer some peak
hour service [Tom Burnaby Transit Centre to Port Coquitlam Transit Centre.

The estimated total incremental life cycle co"sts of a 95 bus CNG fleet when compared
with a diesel fleet are $26.5M (NPV). This is comprised of incremental capital costs for
the buses ($6.1M NPV), incremental capital costs for fuelling infrastructure ($2.2M
NPV), incremental operating and maintenance costs for the buses ($8.1M NPV),
incremental operating and maintenance costs for the fuelling infrastructure of ($6.1M
NPV), and $4M due to service inefficiencies.

The capital, maintenance and operating co::ts and on-going maintenance services for the
fuelling station upgrades are based on the proposal from Clean Energy. Based on a total
fleet of 120 CNG buses the estimated total annual payment to Clean Energy is $710,000
for the first 10 years, and then declines after 10 years based on reduced usage of the aging
CNGbuses.

Over the 17-year life of the buses, Diesel buses with DPFs are a more cost effective
option than CNG buses based on total life cycle costs, total capital costs and operating
and maintenance costs.

The following table shows the estimated capital, operating and total life cycle costs per
bus for CNG and Diesel buses with DPFs.
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Life Cycle Costs per Bus (NPV)
r----'---.----

CAPITAL OPERATING COSTS TOTAL LIFE
COSTS CYCLE COSTS

Bus Net Purchase Maintenance Fuel
Technoloav Price

Diesel wi DPF $393,000 $354,000 $308,000 $1.05M

CNG $457,000 $485,000 $259,000 $1.20M

The life cycle costs of the buses were calculated based on the following~

• 17 year service life;
• Capital cost includes purchase price of bus, training, manuals and provincial sales

tax. CNG costs include a $10,000 rebate from the Provincial Government for
alterative fuel and propulsion systems;

• Fuelling infrastructure is not included in the capital or operating and maintenance
costs;

• Fuel prices are not inflated over the life of the bus; and
• Maintenance data from the demonstration project is supplemented by existing

TransLink data and maintenance schedules provided by the manufacturers.

The greatest uncertainty associated with the life cycle costs is the price of fueL While it
is impossible to predict the price of fuel over a 17-year period, long-term historical
behaviour of fuel prices shows that the price of diesel and the price ofnatural gas. escalate
comparably. This indicates that higher life cycle costs for both technologies will occur as
fuel prices increase. The following graph shows the price of both fuels for the past 12
years.
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DOE Price of No.2 Diesel and eNG per thousand cubic feet
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There are further fmancial impacts associated with the reduction of 12 replacement buses.
These include the additional maintenance cost resulting from running the older buses for
an additional year until the next procurement is approved and the capital cost associated
with adding these 12 replacement buses ($4.7M assuming diesel buses with DPF) to the
next procurement.

In 2005, to address passenger crowding on the busiest bus routes in response to the sh'ong
ridership growth in 2004, TransLink implemented the original planned expansion in bus
service of 3% or 106,000 annual service hours. In Febmary 2005, the Board gave
approval to introduce a further 2.4 % expansion of 80,000 alillual hours of bus service
improvements during 2005. The first phase of these additional bus service improvements
was implemented in September 2005. The additional bus service improvements results in
an increase to the arumal operating budget.

Continued growth in transit ridership is expected and service expansion will be required
to meet this growth. Continued increases in fuel prices are expected resulting in
decreased revenue from fuel tax as people drive less often. This puts increasing pressure
on the annual operating budget. If cost effective service is not utilized and cost effective
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capital projects are not implemented, additional revenue sources will be required, planned
service delivery will be reduced or the capital program will need to be reduced.

Service Impacts

Purchasing eNG buses rather than diesel buses has no impact on the planned September
2006 service expansion as the number of expansion buses is not reduced and the
expansion buses will be delivered before September. However, the overall performance
characteristics of the CNG buses are less desirable than diesel buses, affecting the
reliability of service and the customer experience.

Based on the data collected to date from the Bus Technology and Alternative Fuel
Demonstration Project and information from New Flyer's June 2005 Proposal, a
comparison of CNG buses with Diesel buses with DPFs was completed. As the CUlTent
bus contract is with New Flyer, their Diesel with DPF and CNG buses are used. This
data, although preliminary, indicates that in our operating environment, the Diesel buses
with DPFs meet or surpass the performance of CNG buses in all categories, including
emissions.

The evaluation criteria used in the comparison are consistent with the criteria included in
the Request for Proposals for vehicle procurements and reflect the guiding principle of
the Environmental· Policy and the draft Emissions Policy to seek financially and
technologically viable, long-term solutions that reduce the environmental impacts of
operations and services that TransLinkprovides.

The table below summarizes the results in a qualitative format.

Summary of Evaluation of Bus 'Technologies

Evaluation Criteria Diesel wI eNGDPF
Demonstrated Reliability & Maintainability it @

Technical Performance & Functional Requirements • @

Environmental hnpacts & Benefits

• Emissions· @ @

• Noise @ @

• Excellent @ Good OFarr

There are further service impacts associated with the reduction of 12 replacement buses.
These include the reduced reliability, higher overall fleet emissions, and poorer customer
experience resulting from mnning the 12 older buses for an additional year until the next
procurement is approved.
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Change Options/or Current Contract

New Flyer has coufumed that they could convert 45 of tIle buses to diesel with DPF
without impacting the delivery dates and, therefore, service expansion planned for
September 2006 would not be impacted. The fIrst 50 buses would remain CNG and the
price of the diesel buses would be as offered in their June 2005 Proposal.

New Flyer has also confmned that we could purchase an additional 12 diesel buses with
DPF within this contract, allowing us to replace 52 buses, the number of buses requested
in the Approval in Principle. Because the net purchase price of diesel buses is about
$64,000 less than CNGs and fuel station upgrades would not be required, these additional
buses can be purchased within the approved project budgets.

New Flyer is unable to change the entire order to diesel buses without signifIcant impact
to the cost and schedule as the buses are too close to production line entry.

Clean Energy has begun the design work for upgrading the fuelling station at PCTC
based on an interim work order. A notice requiring Clean Energy to suspend their work
on the upgrades until March 6 was issued. Pending the outcome of the Board's
discussion, a contract will be finalized with Clean Energy and work can resume.

CONCLUSION

The benefits associated with converting 45 of the CNG buses to Diesel with DPFs
include:
• Lower capital costs allowing 12 additional buses to be purchased within the

approved budget;
e Reduced overall fleet emissions as more older diesel buses are being replaced;
• Less service impacts for customers;
• Lower life cycle costs ofbuses;
• No fuelling infrastructure upgrades required, saving capital operating and

maintenance costs;
• More flexible fleet enabling route optimization;
e Greater ability to utilize bus fleet for disaster response as ability to fuel eNG

buses will be difficult or not possible; and
111 Continued operation and maintenance of CNG buses and fuel infrastructure

ensures that the ability to utilize hydrogen compressed natural gas CHCNG)
tec1mology in the future is retained.



Appendix A

Emission Policy and Bus Technology and Alternative Fuels Demonstration

The Emissions Policy and protocols establish emISSIon objectives and provide a
framework to assess the benefits of emission reducti.ons achieved through vehicle
technologies or cleaner fuels against incremental costs for capital and maintenance,
service reliability and vehicle performance.

RWDI Air Inc. was retained in July 2005 to provide assistance in developing the
emissions policy, targets and objectives. RWDI Air is a Canadian environmental
consulting fum with expertise in emissions and air quality, noise, risk and industrial
process flow studies.

The following project team was formed to develop the policy, prOVide expert advice and
provide input for the development of objectives and targets:

TransLink:
CMBC:
AirCare:
WCE:
Federal Government:
GVRD:
Academia:

Planning, Engineering and Public Consultation
Fleet Engineering
Operations
Equipment & Safety
Environment Canada
Air Quality Management
UBC.
U 0 f Washington
SFU

The work completed to date includes:
• Draft Emissions Policy;
• Draft emissions objectives and targets for the fleet (buses, light rail, heavy rail,

and vessels);
• 1990 and 2004 baseline emissions inventory databases for transit vehicles and

vessels; and
• Draft evaluation guidelines, to include in evaluation procedures for vehicle

procurements, for assessing and comparing environmental benefits.

In developing the draft Emissions Policy, the project team used TransLink's
Environmental Policy, the cun'ent environmental objectives and targets, the 2005-2007
Three Year Plan and the Ten Year Outlook to provide direction, As well, the GVRD's
Air Quality Management Plan (AQMP) and the Federal government's policies provided
guidance.



- 2 -

The GVRD's AQMP goals and key air pollutants are summarized below. The plan does
not set specific emission reduction targets; however, it outlines strategies for reducing
overall GVRD emissions and improving air quality. An explanation of the pollutants and
their impacts is attached in Appendix B.

Minimize the risk to public
health from air pollution

Improve visibility

Minimize Greater
Vancouver's contribution to
global climate change

Health effects from primary emissions of:
o PM, NOx,sax, CO, certain VOCs, NH3

a Other air taxies (benzene, formaldehyde, MTSE, 1, 3
butadiene, acetaldehyde, acrolein) not currently
quantified in emission inventory for this project

Health effects due to poll'utants which arise from
secondary formation:
a Precursors to ground level ozone (NOx, VOC)
o Precursors to secondary fihe particulate (NOx, sax,

VOC NH3

o Precursors to ground level ozone (NOx• VOC)
o Precursors to secondary fine particulate (NOx, sax,

VOC, NH3

o CO2

a CH4

D N20
o Other GHGs not expected to be significant, from

TransLink fleet·

The federal government has not set specific objectives for greenhouse gas eilllSSlOn
reductions from transit and transportation sources in its 2005 Climate Change Plan. The
federal plan reiterates Canada's overall target under the Kyoto Protocol to reduce annual
GHG emissions over the period 2008-2012 to a level 6 percent below actual emissions in
1990, and identifies a number of new funding programs and initiatives to reduce
emissions from a wide range of sectors. Emissions fl.-om transportation sources and
commitment to sustainable communities and transit are featured in the federal
government's plan.

The project team agreed on the following principles for setting objectives and targets:
e Prioritize air contaminants in the following order:

1) minimizing risk to public health due to air pollution;
2) improving visibility;
3) minimizing Greater Vancouver's contribution to global climate change;

<\l Prioritize air contaminants based on current information on impacts to public
health: primary fine particulate matter, ozone precursors, and secondmy fine
particulate precursors; and

• Prioritize emissions reductions based on best value/greatest impact through
comparative cost/benefit analyses,
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TransLink's fleet emission inventory provides estimates for emissions consistent with the
key air pollutants identified in the GVRD's recently approved Air Quality Management
Plan.

TransLink's Environmental Policy and draft Emissions Policy incorporate the principles
of financial sustainability and technological viability as well as reducing environmental
impacts. To assist us in balancing these principles when procuring new vehicles, draft
evaluation guidelines have been developed for assessing relative environmental benefits
of proposed vehicles and for determining the importance of environmental considerations
compared to other evaluation criteria such as reliability, quality, maintainability,
aesthetics and life cycle cost.

The Emissions Policy will be presented to the Board in April 2006 for consideration.

Bus Technology and Alternative Fuel Demonstration Project

The purpose of this project is to test and evaluate technologies and fuels in a controlled
program of actual revenue service to provide performance and emission data relevant to
TransLink's operating environment.

The following technologies and fuels are cunently being tested:
" 2 - 2001 diesel buses with catalytic mufflers (low sulphur diesel);
• 2 - 2001 diesel buses with catalytic mufflers (20% biodiesel);
• 2 - GMlAllison parallel diesel/electric hybrid buses (ultra-low sulphur diesel);
• 2 - CU1llIl1ins C Gas+ buses (compressed natural gas); and
• 2 - 2005 NovaBus diesel buses with diesel particulate filters (ultra-low sulphur

diesel).

The Hybrid and C Gas+ buses are existing TransLink New Flyer low floor buses (diesel
and CNG) that were retrofitted with complete new fuel and propulsion systems. With the
exception of the baseline diesel buses, the bus manufacturers and retrofitters were
responsible for specifYing and providing a bus that best met TransLink's requirements,
based on the performance specifications and evaluation criteria provided to them. All of
the buses in this phase of the Project are equipped with either Cummins diesel or eNG
engines.

The second phase of the Project, scheduled to begin this summer, will include hydrogen
compressed natural gas buses (HCNG), series diesel/electric hybrid buses, and electric
trolley buses. As palt of an on-going testing program, we will continue to test other
emerging technologies and fuels.

The approximate 6·:mollth duration of Phase 1 of the demonstration project is almost
complete. Fuel consumption, reliability and maintenance data are being collected in a
controlled program of actlIaI revenue service. On-going discussions with industry
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stakeholders have been occuning throughout the demonstration project to provide them
with information and to continue to optimize the performance of the buses.

The preliminary results of the demonstration project are sunnnarized below. These
results are specific to the buses tested and the duty cycle used. The results do not reflect
all applications of the technology but are reasonably representative of what TransLink
could expect for average performance and emissions from these buses in our operating
environment.

Average Fuel Consumption & Fuel Costs

Bus Technology Average Fuel Fuel Cost ($/km)
Consumption (kmlll

Baseline 1.75 0.494
Biodiesel 1.73 0.489
Hybrid 2.03 0.433
CNG 1.37 0.419
Diesel wDPF 1.75 0.502

Calculations for the fuel cost of CNG are based on December 2005 charges for gas and
delivery (adjusted downward to reflect delivery charge for proposed new rate schedule),
fuel infrastructure operating & maintenance charges of $0.12 per diesel litre equivalent
(dIe) and electricity costs of $0.016 per kg of CNG for a total of $0.574 per dIe. Ultra
low sulphur diesel (ULSD) costs are based on the U.S. West Coast rack rate price
differential between No.2 diesel and ULSD diesel with the differential added to current
PetroCanada diesel price for No.1 diesel as of December 2005 for a total of $0.878 per
litre. Biodiesel fuel prices are based on discussions with Cascadia Fuels and reflect
proposed fuel costs less than current PetroCanada No. I diesel price.

The Hybrid buses travel farther per litre of fuel than the other buses, with all other diesels
buses next and then the CNG buses. However, the lower cost ofnatural gas results in the
CNG buses costing the least per kilometer for fueL
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Vehicle Exterior and Interior Noise &Performance
~._-_.

Acceleration-Noise Weight
(decibels) (ka) (s)

Bus Exterior Exterior Interior Interior oto 50 km/h
Technology Noise under Noise at Noise Noise at

Acceleration Idle at Rear of
Front Bus
of Bus

Baseline 79.8 64.1 73.9 82.1 13,000 14.0
Biodiesel 82.3 65.9 73.9 84.1 13,000 135
Hybrid 79.2 61.1 72.6 79.3 14,500 16.1
eNG 80.1 61.9 73.7 81.1 14,500 17.8
Diesel with 75.4 59.7 73.8 81.7 12,200 12.8
DPF

The noise levels of the buses appear to be more closely related to the overall design of the
bus rather than the engine type. Acceleration is dependent on the weight of the bus as
well as the technology. Hybrid and CNG buses are heavier than diesel buses and,
therefore, their acceleration is not as quick as the diesel buses.

As an indication of vehicle reliability, the number of roadcalls or the mean distance
between vehicle fuilure events and bus availability at the beginning of each service day is
being recorded for each bus. To date the Diesel buses equipped with DPFs have had the
greatest availability and fewest number of roadcall events. The Hybrid buses had
approximately twice as many roadcalls and the CNG buses about three times as many
roadcallscompared to the Diesel buses equipped with DPFs. .

Maintenance costs, including parts, material costs and labour hourly costs ofmaintenance
staff to repair vehicle faults, have also been tracked. On a maintenance cost per
kilometre basis, the Diesel buses with DPFs hilVe operated at about one half the cost of
maintenance of the Hybrid buses and approximately 40% of the cost of maintenance of
the CNG buses.
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Average Daily Emissions

Criteria Air Contaminants (kg/day) Green House
Gases (kg/day)

Bus PM NOx He co CO2 CH 4 (x21)
Technoloav

Baseline Diesel 0.024 2.358 0.078 0.339 265 0
Biodiesel 0.013 1.853 0.072 0.222 250 0
Hybrid 0.002 0.868 0.003 0.027 201 0
CNG 0.003 2.211 1.130 0.068 252 21
Diesel wDPF 0.004 1.160 0.007 0.063 267 0

The emissions testing was completed by Environment Canada, a sub-consultant to MJ
Bradley, in a two week testing program performed at the test track at Boundary Bay. The
duty cycle used for testing emissions represents an average TransLink revenue service
duty cycle. The average duty cycle experienced by a bus is more severe than the average
duty cycle of a heavy-duty truck and the average duty cycle experienced by TransLink is
more severe than most other transit agencies in North America due to our terrain and
number ofurban routes.

To estimate the actual emissions emitted by TransLink's fleet, it is important to use
testing that represents our operating conditions. This will result in different emissions
results than the engine certification as certification testing is based on an industry wide
heavy-duty truck and bus average duty cycle. The numbers presented in the above table
are not absolute but are reasonably representative of what TransLink could expect for
average performance and emissions from these buses in our operating environment.

Overall, the Hybrid buses had the lowest emissions of the tested propulsion technologies.
The reductions compared to the Baseline buses were due in part to the hybrid-electric
drivetrain configuration, which reduced overall fuel usage and also reduced transient
engine operation, thus reducing emission rates. These buses also have state-of-the-art
low-NOx diesel engines equipped with diesel particulate filters (DPF), each of which
contributed to the low overall emissions levels.

The DPF-equipped Nova diesel buses had the second lowest emissions of the tested
propulsion technologies. The low PM, CO, and HC emissions resulted from the use of a
DPF. The relatively low NOx emissions from these buses, in comparison to the Baseline
diesels, resulted from the use of state-of-the-art 10w-NOx engines.
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The CNG overall emissions were higher than the Diesel with DPF buses and the Hybrid
buses. PM levels were equivalent to the levels produced by the Hybrid and DPF buses.
They bad marginally lower CO2 emissions, 1)1)t marginally higher GHG emissions than
the diesel buses, due to relatively high CH4 emissions. NOx, CO and He emissions were
higher than those from the Baseline buses. The emissions results indicate that the CNG's
optimal engine emission performance is not achieved in the average duty cycle
experienced by buses in TransLink's operating environment. The NOx emissions would
be reduced significantly with a duty cycle reflecting highway driving with long periods
between stops and without hard acceleration.



Appendix B

Exhaust Emission Components

NOx

PM

co

Gaseous oxides
ofnitrogen,
primarily NO
andN02

Particulate
matter
For natural gas,
primarily
carbon
particles. For
diesel PM,
primarily
carbon particles
with liquid
hydrocarbons
adsorbed onto
the surface.
Also contains
solid sulfur
compounds
(S04) and liquid
hydrocarbon
dro lets
Gaseous carbon
monoxide

"jl~te .
YES
EPA new
vehicle
standards
EPA ambient
air quality
standards
(ozone)

YES
EPA new
vehicle
standards
EPA ambient
air quality
standards

YES
EPA new
vehicle
standards
EPA ambient
air quality
standards

In the atmosphere, NOx undergoes a
chemical reaction with VOCs in the
presence of sunlight to produce ozone
(it is considered an "ozone precursor").
Other chemical reactions in the
atmosphere produce solid nitTOgen
compounds (secondary particulates).
Both NOx itselfand ozone are
respiratory irritants that have been
linked to increased incidence and
severity of respiratory disease, and

remature death.
Solid particulates in the air we breathe
can lodge deep in the lungs. The
smallest particles, less than 2.5 microns
in diameter, are the most dangerous as
they can penetrate further into the lung.
PM is a respiratory irritant that can
trigger asthma attacks and increase their
severity. Like ozone, PM has been
linked to premature death, primarily
from people with existing respiratory
disease and. the elderly.
Recent studies have linked PM exposure
to increased risk ofhemt attack.
Toxic hydrocarbons adsorbed onto
diesel PM particles have been linked to
increased cancer risk.

Carbon monoxide in the air we breathe
reduces the ability of the lungs to
process oxygen, and can result in death
at high concentrations.
Carbon monoxide exposure is plimarily
a concem in enclosed buildings, and at
localized 'l1ot spots" with very high
vehicle traffic.
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vac Volatile organic YES In the atmosphere, VOCs undergo a
(NMHC) compounds, 3 EPA new chemical reaction with NOx in the

mix ofvarious vehicle presence of sunlight to produce ozone
gaseous standards (it is considered an "ozone precursor").
hydrocarbons, EPA ambient Ozone is a respiratory irritant that has
not including air quality been linked to increased incidence and
methane standards severity of respiratory disease, and

(ozone) premature death.
Benzene Toxic NO These hydrocarbon species are
Carbonyl hydrocarbons. carcinogenic compounds.
PAR Carbonyls These substances can be carried into the
N02PAH include body, primarily as liquid adsorbed onto

formaldehyde PM particles, where they can increase
and the risk of developing cancer.
acetalaldehyde.
PARs are
various
polycyclic
aromatic
hydrocarbons

CH4 Gaseous US-NO Methane is a powerful greenhouse gas,
methane, the CANADA- with 21x the global warming potential
plimary YES (Kyoto of carbon dioxide.
component of protocol) While methane is a hydrocarbon, it is
natural gas not reactive in the atmosphere and does

not contribute to ozone fonnation,
which is why it is currently unregulated
by US EPA.

CO2 Gaseous carbon US-NO The primmy byproduct of combustion
dioxide CANADA- of fossil fuels, carbon dioxide is the

YES (Kyoto most significant greenhouse gas
protocol) produced by human activity.

Greenhouse gases have been linked to
global warming trends.


