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EXECUTIVE SUMMARY

ABOUT THE CLIENT

UBC ‘s Fleet Management Department manages two-thirds of UBC’s vehicles. They procure,
maintain, and manage their inventory of assets while optimizing costs through established
connections with suppliers. One of UBC Fleet Management’s highest priorities is to minimize
GHB emissions and in 2014 they received the E3 (Energy, Emissions, and Excellence) Fleet
Platinum Ranking. However, the Fleet Management department needs to continue to
improve to hit their 2020 goal of a 67% reduction of emissions and a 100% reduction by 2050.

With their “Project Pegasus”, UBC Fleet Management took several steps towards hitting its
emission goals. This project put in place several successful polices including; rightsizing,
standardizing the feet, alternative fuels, and a fuel-efficient driving policy. Our
recommendations will build upon the Pegasus Project instead of trying to radically change it.
We believe that UBC Fleet Management is already very strong with their management of fuel
emissions but we have identified several areas where they can still improve.

ANALYSIS

Before developing our strategy, we did an analysis on the Fleet Management department’s
current position and the surrounding macro environment. We evaluated the strengths of UBC
Fleet Management and listed some of the opportunities that the department could take
advantage of. We found that car share technologies are not a viable option because they are
too high of a cost to operate when compared to owning or leasing a vehicle and they do not
fit the operational requirements of UBC. We also identified and evaluated several emission
reduction technologies that are available.

THE STRATEGY

Green Fleet Consulting has developed a short and long term strategy that we believe will
allow the Fleet Management Department to meet and exceed these emission goals while
simultaneously reducing fuel costs. Since Fleet Management has a set budget any
recommendation we considered needed to be cost neutral meaning the initial cost needed to



be completely offset by the reduction in fuel costs. We are recommending two pieces of
technologies to adopt in the short term and a switch to a fully electric fleet in the long term.

The first piece of technology is direct fired heaters which is an example of anti-idling
technology. The direct fired heaters keep the cabin of the vehicle warm without using the
engine of the vehicle. This dramatically reduces fuel costs and would be most effective when
installed on large vehicles like garbage trucks. The second technology is electrically assisted
diesel particulate filters. This technology uses electricity rather than fuel to filter fuel in
diesel vehicles. While this piece of technology has not yet come to market, it could
dramatically reduce emissions and would be effective on any diesel vehicle.

We identified several case studies which corroborate our findings and lead us to believe that
our technologies would be very effective if implemented. We also performed financial
analysis to show how this change could be done on a cost neutral basis, and an environmental
analysis to see what our tactics could do to reduce emissions. We also looked at some vehicles
that might be better options for each vehicle category.

Keeping in mind the need to make changes on a cost neutral basis, we developed a decision-
making process that will identify when electric vehicle technology has advanced to the point
where electric vehicles can meet the operational requirements of UBC, and when the
reduction of fuel costs offset the higher initial price compared to a traditional gasoline
vehicle. We tested this decision-making process on a new electric van that will be introduced
to North America and determined that this van does not meet our decision-making criteria.

IMPLEMENTATION

We provided a timeline to show how and when our recommendations could be implemented
and we based our timeline around the two future emission goals. We understand that any
strategy is not without risks, so we have identified several possible risks and show how the
Fleet Management department could mitigate these potential pitfalls. Finally, we have
identified several financial and environmental metrics that should be monitored to determine
the success of our strategy.

Ultimately, we believe that our recommendations will make a meaningful impact on UBC
Fleet Management’s emission footprint, and the success of our initiatives will allow UBC Fleet
Management to hit its ambitious future goals.
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OVERVIEW

Our team has been tasked w th the m ss on of mprov ng UBC’s veh c e f eet eff c ency from a f nanca, soca, and
envronmenta perspect ve Throughout th s presentat on, youw earn of the many ways our research of the current s tuat on,
key ssues, and potent a so ut ons has nd cated how th s sposs b e The goa of th s pro ect s to set up a framework of

eva uat on cr ter a for UBC to use n the future when cons der ng d fferent opt ons to ncrease f eet eff c ency We have nc uded
strateg c and tact ca recommendat ons of our own to g ve these f nd ngs a more practca d recton A ongs de our
recommendat ons, we have conducted f nanc a feas b ty and envronmenta mpact ana yses, a ong w th r sk cons derat ons,
success metr ¢s, and an mp ementat on schedu e to make th s p an comprehens ve We hope you f nd va ue n our work and
ook forward to hear ng back from you




Current Position — UBC Building Operations

Project Pegasus

Achievements On the Horizon

OVERVIEW

S nce former UBC Pres dent Stephen Toope announced the schoo ’s aggress ve C mate Act on P an targets of 2010, many steps
have been taken to ncrease the eff ¢ ency of the campus veh c e f eet S nce the announcement, GHG em ss ons are down an
est mated 44% on 2007 f gures 11% further than targeted A so s nce the 2010 announcement, 125 f eet veh c es have been
rep aced w th more eff ¢ ent counterpa ts
UBC sthe on y un vers ty campus w th E3 (energy, env ronment, exce ence) status, earned through meet ng the h gh standards
of E3s f eet rev ew and f eet rat ng process
UBC son ts way to becom ng awor d eader nveh cef eetoperatona eff c ency and s act ve y surpass ng target goa s
However, w th d m n sh ng marg na GHG em ss on reduct ons (13%, 8%, 6% reduct on changes for 2014, 2015, 2016 f gures
respect ve y), t appears un ke y UBC can ach eve ts Phase 2 goa s of a 67% decrease on 2007 GHG em ss on f gures n the next
3 years (by 2020) w thout mp ement ng exp oratory p ot tact cs Fu ther, norderto e m nate 100% of GHGs UBC must sh ft ts
focus to a comp ete overhau of ts f eet over the next 30 years
Targets
Em ss on Goa s (us ng 2007 em ss ons of 833 tCO2e as base ne)
33% by 2015 (target = 558 tCO2e) v
67% by 2020 (target = 275 tCO2e)
100% by 2050
F eet goa s by 2016
20% of the f eet e ectr ¢
80% of the f eet rep aced
Average age of f eet < n ne years
d ng(Us ng 38 tCO2e per annum as base ne)
25% reduct on by 2014
50% reduct on by 2015
75% reduct on by 2020
100% reduct on by 2025
t s nterest ng to note that 690 tonnes of GHG em ss ons were recorded n 2012 n the same year, the d ng base ne est mate
was 43 tonnes of GHG em ss ons
43t/690t = 6.2% of total GHG emissions were a result of idling in 2012.
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Inventory Analysis

Fleet O

Analysis

Fleet Strengths Fleet Opportunities

VERVIEW

After an ana ys s of UBC F eet’s nventory we not ced a coup e of key p eces of data that gu ded our anays s The f rst be ng that
the c ear ma or ty of assets are arge veh c es ke vans or trucks These veh c es tend to be ess fue eff ¢ ent then cars, and have
ess e ectr c a ternat ves ava ab e Another th ng to note about the nventory s that over 90% of assets trave ess than 1200
Km’s a month We are not go ng to recommend someth ng that has a very arge upfront cost because these veh c es aren’t

dr ven enough to recoup that cost, even f the cost of operat on s dramat ca y reduced

We not ced a few po ces thatwe rea y ke and we aren’t go ng to change To sta t, we want to keep a standard mode for each
veh c e category Th s reduces the cost of repa rs and ma ntenance because the mechan cs on y need to have parts for those
few mode s UBC a so hasarghts zng po cy wh ch s a so someth ng that makes the f eet more eff c ent t’s mportant to have
the r ght veh c e for the ob so you don’t have too many veh c es that you don’t need or use a arge veh c e when a sma er,
more fue eff c ent veh c e wou d suff ce Te emat cs are a techno ogy that UBC shou d cont nue to nvest n Theya ow data
co ect on to further mprove ex st ng po ces and gu de new ones



Current ERT Analysis

Fuel Strategies

Exhaust Catalyst

Engine Technologies

Idle reduction techniques

OVERVIEW

W th regards to eva uat ng new techno og es, we factored na poss b e and popu ar ERT techno og es current y be ng used n
the ndustry The tab e dep ctsa current ERT techno og es as h gh ghted n the Transpo tat on Research Record Journa by
academ cs Dr Mohamadreza Farzaneh, Gokhan Mem sog u, and K avash K anfar As seen above, there are 4 ma n techno ogy
categor es Hav ng extens ve y ana yzed our pr mary and seconda y research data, we have focused our efforts and chosen two
ma n categor es wh ch wou d he p ach eve our goa s These are Exhaust Cata ysts and d e Reduct on techno og es We be eve
both these categor es are a strateg c f t for the company and sat sfy our dec s on cr ter a, wh ch s fundamenta y rooted n

ach ev ng our target of creat ng a s gn f cant y more eff ¢ ent and cost effect ve f eet of veh c es, wh e s mu taneous y

dramat ca y reduc ngf eet veh c e greenhouse gas em ss ons

The reason why we have not chosen eng ne techno og es and fue strateg es are two fo d; the setup costs are h gh as the
techno ogy tsef sdffcutto nsta as trequ rese ther “rebu d ng”, “repower ng” or “rep ac ng” nadd t on, there s not
enough data to suggest that these two techno ogy categor es are effect ve n reduc ng GHG em ss ons For nstance, EGR’s may
ncrease PM, HC and CO em ss ons and b od ese can ncrease NOx em ss ons accord ng to the Transportat on Research Record
Journa

W th regards to the two categor es we have chosen, both c ear y sat sfy our dec s on cr ter a The data nd cates that there are

s gn f cant fue sav ngs, a measurab e mpact of the reduct on of GHG em ss ons and both techno og es are easy to mp ement n
a current and future veh c es Our pr or ty was that there wou d be a short payback per od and that the techno ogy can be

eas yretrof tted Thus we recommend mp ement ngthe ant d ngtechno ogy of D rect F red Heater n 85% of the d ese

veh c es by 2020 and E ectr ca y Ass sted D ese Part cu ate F ters n 85% of the d ese cars by 2030 (assum ng techno ogy
becomes ava ab e)



Car Share Analysis

Although helpful with GHG emission reductions, not cost efficient
when considering entire fleet.

Barriers include slow adoption and hesitation amongst departments
regarding ownership of vehicles.

Addresses people-moving vehicles only. Fails to take into account
larger, heavy duty vehicles.

OVERVIEW

Currently, we see that UBC has formed a partnership with car-sharing companies like
car2go, Modo, Zipcar, and Evo. These companies specialize mostly in everyday use,
people-moving vehicles. Models include Smart fortwo, Mercedes Benz CLA/GLA,
Toyota Prius Hybrid, etc. Although research has shown great promise for car-sharing
in terms of GHG emission reductions, there are various barriers that lead us to
believe that car-sharing will not be a prominent part of UBC’s plan towards
eliminating 100% of GHGs by 2050. With the current landscape of UBC Parking & car-
sharing companies, this solution only addresses a portion of the campus’ vehicle
fleet. As a majority of the fleet and the fleets overall GHG emissions larger vehicles
such as vans, trucks, and other municipal heavy-duty vehicles, it is not fully tackling
the issue at hand. Additionally, when considering the opinions and adoption of users,
another large barrier within this fleet option is the hesitation amongst different
departments regarding ownership and sharing of vehicles.




Electric vehicles have not
proven to be a cost effective
method of reducing GHG
emissions with currently
available technology

Main Identified Problems

Technology installed in current
vehicle fleet, while good for
monitoring, does not improve
emission output enough to
reach current goals

Current replacement vehicle
plan and budget do not allow
for rapid change in fleet vehicle
inventory

OVERVIEW

Electric Vehicles

As of today, e ectr c veh ces—un ess fu y ut zed - represent a cost negat ve approach to reduc ng GHG em ss ons as part of an
organ zat on’s green f eet pan Wh e t may appear to be the trendy opt on current y, many other Green F eet p ans have found
that the purchase or eas ng of e ectr c veh c es has not mproved the r GHG em ss ons effect ve y re at ve to the necessary costs

of nfrastructure and the veh c es themse ves:

City of Toronto Consolidated Green Fleet Plan 2014 2018: “Most of the p ug n hybrd e ectr cveh ces
(PHEV) and battery e ectr c veh c es (BEV) that have been added at Centra y Managed F eet wou d requ re h gher ut zaton
than they have had, n order to reach the r potent a for reduc ng fue consumpt on and ower ngthe tota costof veh ce
ownershp nrea wordcondtons, part cuary nac mate w th extreme temperatures, adequate range n BEVs s an
mped ment to h gh ut zat on that needs to be managed”

City of Seattle Green Fleet Plan 2014: “ n order to expand our EV f eet, we need to strateg ca y estab sh
a comprehens ve charg ng nfrastructure network Some of the current cha enges to do ng so nc ude fund ngthe nta capta
nsta aton cost, ack of e ectr ca capacty nbu d ngsand estab sh ngtheroesandresponsb tesofpannng, acquston,
ownersh p and ma ntenance between FAS, Fac ty Operat ons, C ty departments and Cap ta Deve opment”

Current Technology

Current y, the vast ma or ty of UBC Bu d ng Operat on’s f eet on y use te emat ¢ report ng and mon tor ng Hybr d veh c es have
d e stop techno ogy and a veh c es have Geomat cs nsta ed for mon tor ng purposes Wh e th s array of techno ogy s
certanyhe pfu n dentfyng ssue areas we be eve theseaonew nota ow UBCBu d ng Operat ons to reach the r 2020

em ss on reduct on targets



Overarching Strategy

Using a cost-neutral decision making process, adopt fuel saving

technologies in the short term, and transition the fleet to electrically
run vehicles when financially viable.

RECOMMENDATIONS

UBC is a world class institution that is well on its way to becoming a leader in green
campus operations. Over the last 7 years, it has set and achieved its GHG emission
and fleet efficiency goals through continually renewing its fleet along with adopting
effective technologies (such as Geotab) to increase fleet information and efficiency.
We believe this to be a sound strategic vision moving forward, however at the current
rate UBC is facing diminishing marginal emission reduction returns and we only
expect these to continue this trend. We believe aggressively pursuing a new set of
audacious, specific goals to be an effective way UBC can rekindle the Pegasus Project
and see significant GHG reductions in the future. Our vision is simple:

Project Pegasus Goal: create a significantly more efficient and cost effective fleet of
vehicles, while simultaneously dramatically reducing fleet GHG emissions.

Our Strategy: Continue to proactively integrate the best available technologies
wherever financially viable.



Idling at UBC

36 611 litres wasted .

Least fuel efficient units — waste
management, hard landscape, soft
landscape

» 85% energy is wasted

+ Anti-idling technology reduces fuel use
by 80%

RECOMMENDATIONS
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Anti-ldling Technology Analysis

Reducti f GHG Ease of
Anti Idling Technology Fuel Savings (%) Imple::n(:ation Fuel Use (I/h)

Automatic Shutdown/Startup 0.57-151
Electric Shorepower Solutions _— 0.79-12.87
Energy Recovery SYStem (ERS) -- N/A

RECOMMENDATIONS

n the meta ana ys s paper nthe Journa of Energy Convers on,a current R techno og es have been
cons dered, eva uated and d scussed The tab e above shows the current and popu ar ant d ngtechno og esava abe
commerca y nthe market Fora practca purposes, ony afew of the techno og es have been presented based on mmed ate
requ rements of the ¢ ent and dec s on crter aft The techno og es present a so prov de a rough dea of a the d fferent
var et es of techno ogy ava ab e ntheant d ngtechno ogy catego y For nstance, many of the other R techno og es have a
neg g b e mpact of GHG em ss ons and fue sav ngs Fora more deta edtabewtha Rtechnooges sted, p ease refer to
Append x X

Aux ary PowerUnts Sma eng nes that prov des power to heat and coo thevehce

D rect F red Heater Supp es heat from a combust on f ame to a heat exchanger

Automat ¢ Shutdown/Startup systems Starts or stops the eng ne based on def ned parameters

Fue Ce s Uses a Proton Exchange Membrane Fue Ce s(PEMFCs)ora So d Ox de Fue Ce (SOFC) to supp y energy to the
vehce

E ectr c Shorepower So ut ons Prov des p ug n e ectr c power

Energy Recovery Systems Supp y e ectr ¢ power for heat ng

From the tab e above t sc earthat D rect F red Heaters (DFH) use the east amount of fue compared to other R techno oges
n add t on, True Aux ary Power Un ts (APU) and D rect F red Heaters are the two techno og es that best f t our dec s on cr ter a
Automat ¢ Shutdown/Startup Systems, for nstance, are hard to f nd commerc a vy, e ectr c Shorepower so ut ons have h gh
nsta at on costs and Energy Recovery Systems do not prov de enough warmth for dr ver comfort

t saso mportant to note that So ar Powered APU’s and hybr d so ut ons were cons dered but there was
not enough data for these emerg ng techno og es to recommend them to our ¢ ent We be eve that the r sk stoo h gh
a though these techno og es c a m to prov de substant a benef ts When more tests are conducted and as these techno og es
become more ma nstream, these techno og es can then be recons dered

Based on the tab e above, we further ana yzed and compared True APU’s and DFH’s to see wh ch one s
more effect ve w th regards to ach ev ng our target set by our ¢ ent We ooked at Fue sav ngs, Reduct on of GHG em ss ons,
Ease of mp ementat on and an add t ona cr ter a, compat b ty w th future veh cu e types/techno ogy
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Why Direct Fire Heater?

Reduction on GHG Ease of Compatibility with

Fuel Savings (%) . -
Emissions Implementation future tech

RECOMMENDATIONS

According to a paper in the ournal of Energy Conversion and Management which did a meta analysis looking at all the studies with anti idling
technology in the last 15 years, the paper shows that DFH s are the best option to reduce GHG emissions and imp fuel y. The paper analyzed 10 different anti
idling technologies in | different lled scenarios and outlined the respective technology s able imp on GHG emissions and fuel y. A ding
to Enviro Fleet report, APUs can cost from $3,500 to $10,000. The average cost is $7,750 as reported by The Canadian Trucking Alliance. Annual maintenance cost is

d to be appr ly $500.

Different types of DFH s cost different We ded DFH s that are powered from the vehicle s battery and diesel fuel which

cost $1,600 although idering budget , one p d solely from the vehicle s battery should suffice as well. DFH s that are powered solely through the

vehicle s battery cost under $600 and are small and lightweight. It burns no fuel, draws less than an amp from the battery and can keep the cab warm for 4.5 hours. These
DFH s are recommended to be implemented in light duty vehicles. DFH s that are powered from the vehicle s battery and diesel fuel include the same ady

provided by the cheaper DFH in addition to automatic temperature controls and can operate on 20 hours on less than 4 litres of fuel. This type of DFH is reoommended to
be impl ted in vehicles that require more idling time. Annual mai cost is estil d at $110.

Since DFH s fuel consumption is typically 0.15 L/h (Lim, 2002 and 0.23 L/h (Espar , an average value of 0.19L/h represents a 3.0 L/h, or 94%
fuel savings over idling compared to 2.4 L/h from True APU units that provide fuel savings of 76%. Dean Lande, APU business manager for Carrier Transicold states that

Payback periods can be relatively short on an APU - less than three years, based on fuel savings alone .
DFHs performed the best with regards to reducing fuel ge as the findings reveal that DFHs results in 94-96% reduction of fuel
ption. This is followed by Shorep: (SP which red: the fuel p by 74%. Then, APU has been found to produce 36-85% reduction in fuel
consumption. Other technologi ined in the parative review are not popular due to poor performance in reducing fuel ption. Other findings in the paper
are that DFHs are the best option to reduce idling emissions. DFH s emit less NOx and CO2 than any other options. According to the paper, DFH s reduce NOx and CO2
emissions by 99% and 94-96% respectively. It also reduces CO and HC significantly.

The paper also states that the True APU is worse than DFH when it comes to reducing NOX and CO2 emissions. The researchers conclude that
DFH reduoes fuel consumption and NOx, CO, HC, and PM emissions more than APU does in all cases. Rest of the idling options do not provide significant emission
d to true APU s, DFH s and electric Shorep luti Unlike | IR technologies, Direct Fired Heaters are also compatible with future
tedmology and easy to implement. The small and lightweight nature of the product ensures that setup costs and maintenance costs are low. DFH s are easy to install and
in fact, in our research, we were exposed to several websites and tutorials that taught people how to install DFH s in their respective vehides. Additionally, it is highly
effective in stop/start situations, which is particularly rel t to UBC Building Operations and adds to driver comfort by providing heat in cold weather.

To further strengthen our recommendation, we looked at real life case studies in which the technology has been impl d. In a report by
the Federation of Canadian N ipalities on Enviro Fleets, the City of Toronto used heaters in a significant portion of its fleet vehicles such as aerial trucks, garbage trucks
and cube vans. The cube vans were used by Toronto s water services division and the technology heated the cab space allowing work crews to warm up on cold days. It
was reported that the heaters were a huge ducing both emissions and fuel ption according to Sarah Gingrich, Busi D P & Imp
Analyst Fleet Services, City of Toronto.
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Electrically Assisted Diesel Particulate Filters

Reduction on GHG Ease of Compatibility with
Emissions Implementation future tech

Fuel Savings (%)

RECOMMENDATIONS
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Replacement Vehicle 2
S S Y S

Estimated Annual Fuel Cost (S/yr) $1934 $1748

€O, (g/km) 244 220

Alternative Fuel CNG , Biodiesel, E85 CNG

Ranking [NRC Consumption Guide) 510 331
i e T

Estimated Anaual Fuel Cost ($/yr) 52641 52083 $1938

€O, (g/km) 334 263 255 255

Alternative Fuel CNG CNG B20-Capable Diesel B20-Capable Diesel

Ranking [NRC Consumption Guide) 923 651 359 359

RECOMMENDATIONS

The second part of our recommendat on nvo ves the stream n ng of UBCs current f eet through strateg c rep acements As part
of our three fo d recommendat on, we found that th s opt on acts as an effect ve and eff ¢ ent sho t term so ut on of opt m z ng
the f eet n terms of fue economy

We found that keep ng a standard f eet based on veh c e type was an effect ve way to rema n as cost eff c ent as poss b e
through the s mp f cat on of ma ntenance and operat ons Through our ana ys s of the standard zed f eet rang ng from vans,
trucks, and compact veh c es, we dent f ed areas UBC s exce ng naswe asothersw th potenta room for mprovement
Overa , UBC Bu d ng Operat ons are effect ve y eva uat ng future veh ¢ e rep acements by cons der ng mportant factors such as
fue consumpt on and GHG rat ngs Through further ana ys s of rank ngs on the Natura Resources Canada Fue Consumpt on

Gu de, however, there are some ex st ng mode s that cou d potent a y rep ace current veh ¢ es w th n the f eet Specfca y, we
wanted to ook further nto our rep acement opt ons for current nventory of Ford Trans ts, Toyota Tacoma'’s, and Tundra’s W th
mprovement nvan and med um s zed p ckup truck nventory, there s great potent a to reduce GHG em ss ons through the
stream n ng of the standard zed f eet

To determ ne whether these recommendat ons were v ab e opt ons, we cons dered the fo ow ng dec s on cr ter a: Est mated
annua fue cost, est mated CO, em ss ons, a ternat ve fue opt ons, and rank ngs amongst the Natura Resources Consumpt on
Gu de These cr ter on were based on the standard zat on requ rements as we as the dec d ng factors of purchas ng mode s
outs de of the current se ector out ned n the Pegasus report Ourf nd ngs ed us to 3 potent a opt ons for rep acement

veh ces

When cons der ng the a ternat ve opt on for vans, we found that the N ssan NV200 exceeded the Ford Trans t n three out of
four areas A though the est mated cost does not d rect y re ate to UBCs case as the un vers ty purchases fue nbuk, tst
shows that overa fue costs are ower for the N ssan van than the Ford Add tona y, w th the ower GHG em ss ons and h gher
NRC rank ng shows great prom se for fue eff c ency The case for p ckup trucks ss m ar as the Chevro et Co orado and GMC
Canyon, both equa yfue eff c ent, ead nthe rank ngs compared to the f eet’s current veh c e cho ces A though these

a ternat ves may not yet be us ng CNG, the overa use of GHGs st rema ns ower than current operat ons
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Electric Vehicle Decision Making Process

Electric vehicles should replace gas-powered vehicles in the UBC Building Operation fleet when:

RECOMMENDATIONS

The 2050 goa for the Pegasus pro ect s for CO2 em ss ons to be 100% e m nated The on y way for that to happen s to adopta
100% e ectr c f eet Keep ng n m nd the des re to standard ze the make of veh c e for each category of veh c e, e ectr c veh c es
w be adopted when they pass a test forvab ty

The range of the e ectr c veh ¢ e’s battery has to be arge enough to ast what the da y requ rement of the vehce s AEV
battery usua y takes mu t p e hours to charge so f a battery can’t asta day, therew e therbe aneedformutpevehcesto
be rotated, or an nterrupt on n work

Current y E ectr ¢ Veh c es cost substant a y more than a regu ar veh c e, but cost substant a y ess to operate When the cost to
operate an e ectr c veh c e over ts fet me sthe same as a gas veh c e, those e ectr ¢ veh ¢ es shou d be adopted

For veh c es ke garbage trucks, the advantage of ower costs of operat on s more prom nent because garbage trucks need
more fue to operate However, tw ke ytake onger before techno ogy advances to the po nt whereafu ye ectrcvehce

w th capab erange sava abe Forsma ervehces ke the Ford Trans t Connect, e ectr c veh c e techno ogy sareadyava abe

n certa n countr es However, ana yz ng the use of these veh c es revea that the ower cost of operat on doesn’t offset the
h gher nta cost qu te yet
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Electric Vehicle Decision Making Process

Example: Is the Nissan e-NV200 an appropriate acquisition in the current market?

Vans would have to be operated for 23 to make the switch cost
w neutral. Electric vans have to drop to around 522,000

RECOMMENDATIONS

We are go ng to use a new p ece of EV techno ogy, the N ssan e NV200, that sava ab e n Europe and As a as an examp e The
e NV200 sasma e ectrcvan thatcou d rep ace the Ford Trans t trucks that current y occupy around one f fth of the current
UBCf eet

The f rst part of our process s to determ ne f the veh ¢ e has enough battery range to ast over an average work day The N ssan
e NV200 has a range of 170kms on one battery charge After an ana ys s on the use of Ford Trans t vans we determ ned that on
average a van trave s 3700 Km per year and the furthest trave ngvans cover around 13000km a year Assum ng that there sn’t
too much var at on n the amount that a truck s used on a day to day bas s, that means the N ssan e NV200 has more than
enough battery range to ast over an average day

Now next to the second part of the process, the cost ca cu at on We found that there are no veh ¢ es that wou d benef ton a
cost bas s from the sw tch to e ectr c veh c es UBC s mp y does not dr ve the r vans enough to make the ower cost of operat on
wo th the expens ve cost at the out ay We found that the average van wou d have to be used for 23 years to make the
nvestment cost neutra , or e ectr ¢ vans need to drop n pr ce to $20,000 to make th s upgrade make f nanc a sense Thus, the
N ssan e NV200 does not pass our dec s on process and we recommend wa t ng for cheaper e ectr ¢ veh ¢ es to come ava ab e

—

b =2

) i
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UBC Building Operations

Current Financial State and Environmental Impact

Financial State Environmental State

Annual Budget $1,800,000 Estimated GHG Emissions/Year by UBC Building Ops

Maintenance Costs ~ $285,000 713 Tonnes

Estimated Fuel Costs ~ $350,000 GHG Emissions/Dollar Spent (vehicle direct)

Estimated Lease Costs $900,000 0.93 Pounds/Dollar

gg;'f’a:::.g;‘;ig::e?r $265,000 Average Litre/100km ;f cu (;rent emitting vehicles
4.

IMPLEMENTATION

n order to assess the cost effect veness and envronmenta mp cat ons of our recommended so ut ons t sf rst mportant to
understand the assumpt ons ay ng beneath our ana ys s of UBC F eet Management’s current state For our ca cu at ons we used
current f eet numbers fora veh c es w th a p anned rep acement after 2015/2016 and we used rep acement veh c e numbers
fora veh cesw thap anned rep acement dur ng the 2015/2016 per od or ear er Our assumpt on was that these
rep acementsd d n fact happen

Financial State

Annual Budget: The fleet manager described the annual budget for UBC Fleet Management dur ng quest on per od.
Maintenance Costs: S nce there were no ma ntenance cost numbers prov ded for rep acement veh c es, we used theod vehce
ma ntenance costs as a p aceho der Natura y, we wou d assume that th s numberw , nrea ty, be ower—but not
sgnfcanty ower where tw make ad fference nouranayss

Fuel Costs: Our Fue Cost Est mat on was done by pr ¢ ng the ex st ng L tres Consumed’ annua y for each veh c e at $1 29, the
current cost of gas n Vancouver

Lease Costs: The Lease Cost was ca cu ated by tak nga ex st ng eases, determ n ng the r month y cost, and trans ton ngthsto a
year y amount

Th's eaves rough y $265,000 n the annua budget wh ch we assume s used for staff ng and aux ary expenses
Environmental State

Tota GHG Em ss ons annua y were ca cu ated us ng a 20 pounds of C02/ tre of gas and/ord ese nrea ty,gasemtss ghty ess
than 20 pounds per tre on average, wh e d ese burnss ghter more than 20 pounds per tre on average Overa , we be eve
our 20 pound assessment sfar,and fanyth ng ss ghtyonthe h ghsde When ca cu at ng our em ss ons/do ar spent we did
nc ude smart cars and ow em ss on veh c es However, when determ n ng the average tre/100km used n the f eet we d d not
We be eve th s g ves us a better understand ng of how ¢ ean techno ogy can he p those veh c es nouranayss

16



Financial Analysis

IMPLEMENTATION

n order to reach a return on cap ta expend tures when purchas ng DFH techno ogy, the techno ogy shou d on y be nsta ed on
the h ghest ut zatonveh ces We have dent fed 73 veh ces n the f eet that are h gh em tters of em ss ons and that use a
s gn f cant amount of fue throughout the year A st of these veh c es ssupp ed nthe append ces

Cost of
Implementing DFH

Cost Savings

We est mate that these veh c es d e for approx mate y 15% of the t me that they are n use

Year y ma ntenance costs for 73 veh c es nsta ed w th DFH techno ogy costs $7,300

The overa cost sav ngs from ower fue usage equates to approx mate y $13,000/year

Wth6 7yearst return on mp ementat on we be eve th s techno ogy sa v ab e so ut on that prov des cost neutra

expend tures wh e de ver ng mproved GHG em ss on reduct on over the suggested (6 10) fet me of UBC F eet Management
veh ces

Due to the unknown nature of EADPF techno ogy we have not comp eted f nanc a ana ys s of mp ementat on as we vew th s as

amd ongtermso ut on We acknow edge that the EADPF techno ogy wou d need to be nsta ed nonyhghut zaton
veh ¢ es n order to prove a cost neutra so ut on
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Environmental Analysis

Fuel Savings (% Reduction on GHG Emission New L/100km

IMPLEMENTATION

The ntroduct on of DFH techno ogy can de ver s gn f cant resu ts n both the short term and ong term By nsta ng DFH nto
the 73 veh c es dent f ed we are ab e to see pos t ve GHG em ss on re ated resu ts after ust the f rst year

For the 73 veh c es w th DFH nsta ed, theyw see a 14 1% decrease nthe amount of fue used over the course of ayear Ths
amounts to 70,000 pounds/year, or a 5% reduct on n overa GHG em ss ons put out each year by UBC F eet Management
When compared to a 0 2% of the overa budget we fee th's sasgn f cantreturn on nvestment
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Timeline

2018 2020
DFH Pilot Project Complete DFH G 100% Electric Van
Integration

2028 2030 2040
EADPF Pilot 100% EADPF 100% Electric
Project Retrofitted Fleet Fleet

IMPLEMENTATION

S nce the aggress ve C mate Act on P an targets of 2010, UBC has cons stent y met the audac ous goa s set for tse f Bu d ng
Operat ons n part cu ar has cons stent y str ved for the utmost n eff c ency wh e tsm n m z ng envronmenta mpact Over the
next 30+ years, we be eve UBC shou d set the bar even h gher for tse f, and broaden ts strateg cv s onto nvo ve more specfc
goa sand f gures We be eve the fo ow ngtme ne can he p ach eve exact y that

2018: DFH Pilot Project

Before undertak ng exper menta techno ogy adopt on comp ete y, we recommend UBC conductasma p ot pro ecton no
more than 3 nd vdua veh c es and track the r progress over a 3 month per od Because UBC has not yet used D rect F re Heater
techno ogy, t s adv sab e to test the pro ect on asma sca e before fu scae mp ementat on

2020: full DFH Installation

After gather ng nformat on of the DFH p ot pro ect through Geotab techno ogy, UBC wou d have the f gures necessary to
determ ne ffu scae mp ementat on of DFH techno ogy sfeas b e and ts potent a effect veness

2027: 100% Electric Van Fleet

Because vans account for more than 25% of UBC’s campus veh c e f eet, because of the r homogeneousness, and because of
the r extens ve use on campus, we recommend comp ete e ectr c van mp ementat on sooner than other veh c es n the f eet
2028: EADPF Pilot Project

E ectr ca y Ass sted D ese Part cu ate F ters (EADPF) are aga n, an exper menta techno ogy UBC has yet to ncorporate nto ts
operat ons f eet Because of th s, we recommend a sma sca e retrof t of 2 5 veh c es pr or to commenc ngfu scae

mp ementat on, n order to gather more nformat on and cons der the f nanca feasb ty of the move w th nformat on
gathered from p otveh ces

2030: 100% EADPF Retrofitted Fleet
W th co ected data, UBCw be ab e to make an nformed dec s on on mov ng forward w th retrof tt ng the ent re f eet w th
EADPF techno ogy
2040: 100% Electric Fleet
Our ana ys s po nts to 100% e ectr c veh c es n the UBC operat ons f eet by 2040 — 10 years ahead of schedu e
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Risks and Mitigation

Probability Severity Mitigation

Vehicles and Drivers have High Test recommendations with a small pilot group
no room for improvement g before fully implementing fleet wide

A reduction of UBC Fleet Communicate the value of the services that UBC

Services Budget Low Fleet Services provides
Electric Vehicle Communicate demand to supplier and
technologies do not Low High manufactures

advance

More departments decide
to handle their own
vehicle operations

Communicate the value of the services that UBC
Fleet Services provides

IMPLEMENTATION

There s the r sk that veh ¢ es and dr vers are a ready fu y opt m zed and the techno ogy we are
recommend ngw not have any pos t ve mpact on gas costs A though there a ready s techno ogy and po ces n p ace, there
s a ways room for mprovement Our m t gat on to th sr sk s to test these techno og es nasma number of veh c es f rst
before expand ng to the rest of the f eet

The second r sk sthat UBCw reduce UBC F eet Serv ce’s budget Th s hasa ow sever ty because UBC
f eet has such an essent a mandate and t's notrea y someth ng UBC can ve w thout To m t gate th s r sk UBC F eet Serv ces
shou d cont nue to become more eff c ent on a cost and em ss ons bas s and commun cate these successes

The next r sk s that E ectr ¢ Veh c e Techno og es do not advance and/or become cheaper Thsrskhasa
ow probab ty because the demand for arge e ectr c veh ces ssoh gh nadd t on, most est mates show that therew be a
arge reduct on n pr ces for e ectr ¢ veh c es over the next few decades

The astrsk sthat more facu t es dec de that they are better off on the r own and take care of the r own
veh c e serv ces, reduc ng the effect veness of any UBC F eet Serv ces ntatves To mt gate th s r sk UBC F eet Serv ces shou d
commun cate the r successes and show departments the va ue they create by opt m z ng costs and reduc ng em ss ons




Metrics

MEASURE KEY QUESTIONS SUCCESS INDICATORS

Average L/100km for emission vehicles

Fuel Efficiency Are we bettering our gas mileage? e ———
Cost Efficien Do capital expenditures we make now Realized rate of return on clean
&y save money in the future tech/vehicle purchases

e Does reduction in idle time significant! Emission output year over year on
GHG Emissions € v puty v

improve our GHG emissions/vehicle? monitored vehicles
Effective Purchasin Are we making efficient decisions Reduction in GHG Emissions/Dollar
g when purchasing clean technology Spent

IMPLEMENTATION

Deve op ngre evant metr ¢s s cruca when mp ement ng a new strategy We be eve we have dent f ed four metr ¢s that w

he p UBC F eet Management understand the effect that our recommended suggest ons have n both the short term and ong
term:

Fuel Efficiency

There are many metr cs that can he p te us whether we are becom ng fue eff c ent, but we prefer to cont nue us ng the
standard L/100km metr ¢ that s a ready be ng measured by UBC F eet Management to track success here Currenty veh c es
thatem t em ss ons nthe f eet use 24 tres per 100 k ometres Our goa for th s metr ¢ s to see a decrease n both the short
term and ongterm A decrease nthe amount of gas/d ese used per k ometre means both ower costs for gas n the future
and a so ower em ss on output

Cost Efficiency

UBC F eet Management needs to ensure that the purchases they are mak ng resu t n cost sav ngs n the ongrun wh e reach ng
cost neutra n the shortrun The best way to do th s wou d be to track cost sav ngs veh ¢ e by veh c e When techno ogy has
been nsta ed naveh ce, how much ess does that veh c e cost the f eet over the next 5 10 years n ma ntenance and fue Ths
number shou d be compared to the nta cap ta expend ture to ensure that money s be ngspentw sey

Efficient Purchasing

Thstes nw th cost eff cency Wh e we want to make sure we are gett ng a return on our purchases, we a so want to ensure
that these purchases are ead ng us to over em ss on reduct on goa s The best way to mon tor th s s to track our overa

em ss on reduct ons throughout the ent re f eet and compare th s w th the cost of upgrad ng the f eet Currenty UBC F eet
Management em ts 0 93 pound of GHG em ss ons per do ar spent on d rect costs to the f eet (ma ntenance, fue, eas ng) We
be eve that reduc ng th s number s an exce ent way to understand whether money s be ng spent eff c ent y and effect ve y on
f eet upgrades

GHG Emissions

One of the under y ng goa s of the Pegasus pro ect s to reduce em ss ons by the stated goa s Therefore, cont nu ng to mon tor
em ss ons on mon tored veh c es year by year scruca torea zngourgoas Bycont nungtomon torthswew better
understand whether the mp emented techno ogy we suggest s mak ng a d fference nrea ty
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Cost Predictions — Li-lon Packs

Cost predictions for full automotive Li-ion packs

—&— Deutsche Bank (2009)
—&— Deutsche Bank (2010)
BCG (2010)
Frost & Sullivan (2011)
©— McKinsey (2012)
—*— Bloomberg (2012)
—#— Bloomberg NEF (2012)
Argonne NL (2012)
Roland Berger (2012)
*— Bloomberg (2013)

Analysis: V. Muenzel

0 A L L L ) Univ. of Meboume / IBM Research - Australia
2010 2015 2020 2025

APPENDIX
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Ballpark Ideas

UBC does not utilize their garbage trucks at a high enough
rate to make the $200,000 investment viable

APPENDIX
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Assumptions for EV Calculations

Average distance traveled = 3700 km

Fuel efficiency = 19 km /100 L

Cost of e-NV200 = 35000

Salvage value of Ford Transit = 12500

Cost of electricity for one battery charge $2
Cost of gas per L=51.3

APPENDIX
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EADPF

EADPF DEMONSTRATES S0% REDUCTION IN FUEL PENALTY

Soot Loaded, g/ 4 4.9

Soot Regenerated, 85 112

Extra Fuel, g 195.5 4268

Extra Fuel Energy, 8,389.00 18317 (~50% Fuel Penalty
(3} Reduction)

Electric Energy, kJ  654.6 NA

Total Reger 9,044 18,217

Energy, k)

E-Energy fuel 153 NA

equivalent, g

Extra Fuel Total,g = 210.8 4268
Time Required, 8 20
min

APPENDIX
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Types of direct-fired heaters

Table 7
Types of direct-fired heaters
Type Powered sokly from the | Powered by bath battery | Relies on a battery
vehicle's battery and diesel fuel pack 1o run both a
heater and an air
conditioner
Operation |« Circuates the heated |+ Typically operates for |« Runs for 10 hours,
coolant from the about 20 hours on and requres four
engine to the heater less than four litres of to six hours for a
coils, which can keep | fuel. full recharge.
the cab warm for up |« Incdudes automatic
10 4.5 hours. temperature controls.
* Includes a and Is completely
sensor D from the
ana a voltage vehicle's heating
Sensor. system.

« Burns no fuel, and
draws less than an
amp fromthe battery.

Weight About 1.3 kilograms Over 91 ki
Cost Under $300 About $1,600 About $4,000
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Anti Idling Tech

Table &
Chaicen of techaclogy to idace iding is dinel and gaiclioe mpne.
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Idling Rates

Table 2
Rates of idle emissions of pollutant for different type of vehicle on average |49
Pollutant Units LoGv+ wer HDGV* LDDV® LDDT HODV' M
voc sh 2683 4043 6495 1373 2.720 3455 19,153
g/min 0045 0.067 0108 0023 0.045 0.058 0319
THC gh 3.163 4838 7260 1353 2.680 3.503 21.115
£/min 0053 0.081 o1 0.023 0.045 0.058 0352
© gh 71225 7275 151,900 7.018 5853 25628 301.075
&/min 1.187 1212 2532 0.117 0.098 0427 5.018
NOx gh 3515 4.065 5330 2.6%0 3.705 33763 1.625
g/min 0.059 0.068 0.089 0045 0.062 0.563 0.027
Mg wh N/A NjA NjA NjA N/A 1.100 N/A
g/min N/A N/A NA NJA N/A 0.018 NJA
PMio g/h N/A N/A NA NJA NIA 1.196 NJA
/min N/A NJA N/A NJ/A N/A 000 NJA
* LDGY: Light-duty gasoline-fueled vehicles, up to gross vehicle weight (GVW) 6000 lb(e.g. gasoline-fueled pmnger urs)
® LDGT: Light-duty gasoline-fueled trucks, up to GVW 85001b (e.g. pick-up trucks, vans, y vehicles, etc.).

© HDGV: Heavy-duty gasoline-fueled vehicles, over GVW 8500 Ib (e.2. gasoline-fueled heavy-trucks).

4 LDDV: Light-duty diesel vehicles, up to GVW 6000 Ib(e.g. diesel engine passenger cars).
© LDDT: Light-duty diesel trucks. up to GVW 8500 Ib (e.g. diesel engine light-duty trucks).
! HDDV: Heavy-duty diesel vehides, over GYW 8500 Ib (e.g diesel engine heavy-duty trucks).

¥ MC: Motarcycles (gasoline-fueled, certified for highway use).

APPENDIX
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SWOT

Strengths Weaknesses
« Standardization of vehicle models * Notall Vehicles are under Fleet Management
* Rightsizing Control
+ Telematics « A wide range of different types of vehicles that
* Driver Training Policies need to be provided
*  20% electric * More data would be nice
Opportunities Threats
* More efficient vehicle models * More departments could leave
* New technologies * Areduction in budget
* Further improve existing policies * Technologies could not advance to the level we
* More Departments could join the Fleet hope
Management Umbrella

APPENDIX
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NRC Rankings 1

Vehicle class

Pickup Truck Small

Pickup Truck: Standard

Sport Utility Vehicle: Small

Sport Utility Vehicle: Standard

Minivan

Conventional vehicle

Chevrolet Colorado

2.8 L, 4 cyfinder diesel, 6-speed
automatic

GMC Canyon

2.8 L, 4 cyfinder diesel, 6-speed
automatic

Ford F-160
2.7 L, 6 cylinder, 6-speed automatic
with select shift

Nissan Rogue Hybrid
2.0 L, 4 cyfinder hybrid, continuously
varigble

Lexus RX 450h AWD
3.5 L, 6 cyfinder hybrid, continuously
varigble

Mazdas
2.5, 4 cyfinder, 5-speed automatic
with select shift

APPENDIX

Advanced technology vehicle

Tesla Model X 75D
383 KW electic motor, 1-spesd
automatic

Chrysler Pacifica Hybrid

89KW electric motor, 35 L, 6
eyinder plug-in hybrid, continuously
variable
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NRC Rankings 2

The most fuel-efficient vehicles for model year 2017

Vehicle class Conventional vehicle Advanced technology vehicle
Two-seater smart fortwo cabriolet n/a
0.9 L, 3cylinder, 6-speed automated
manual
Minicompact Fiat 500 Hatchback n/a
1.4 L, 4 cylinder, 5-speed manual
Subcompact Ford Fiesta SFE BMW i3 (60 Ah)
1.0L, 3cylinder, 5-speed manual 125 kW electric motor, 1-speed
automatic
Compact Toyota Prius ¢ Ford Focus Electric
1.5, 4 cylinder hybrid, continuously 107 kW electric motor, 1-speed
variable automatic
Mid-size Toyota Prius Nissan LEAF
1.8, 4 cylinder hybrid, continuously 80 kW electric motor, 1-speed
variable automatic
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PESTLE Analysis

External
partnerships

- E3 Certification
and rating
requirements

APPENDIX

Rising prices of .
gasoline

Vehicle salvage -
value

High

maintenance

costs

Alterative fuel
pricing

User adoption
(departments)
Training

¢ Advancemerntof «
fuel consumption
technology

. Anti-idling
technology

«  Limited .
infrastructure
on-campus (ex:/
Charging
stations, CNG
stations)

. Emergence of
electric vehicles

Fleet partnership
with Automotive
Resources =
International
expinng in 2018

UBC Parking
partnerships

with car-sharing
companies

m Economic Social Technological | Legal Environmental

Decrease GHG
emissions
Decrease fuel
consumption
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Vehicles Used For Analysis
Vehide Fuel Used King Tt Qrgo Lo 2013578 TRANSIT CONN 72.96
Lo e e — 2013578  TRANSIT CONN e
2013578 TRANSITCONN S50 acoms
2014CYSFIT TUNDRA sn4a 2013578 TRANSIT CONN ms4 2013578 TRANSIT CONN 60.78
2014CY5F1T TUNDRA s UL gt . 2013578 TRANSIT CONN 60.15
2014CYSFAT TUNDRA 45403 S — 2013578 TRANSIT CONN 59.79
01357 TRANSITCONN a3 el Lt
2014 3(1444 SPRINTER 1517 2013578 TRANSIT CONN 42.52
2010 TRANST CONNECT 40435
C T 7.5 :g:: mcxmgm :: g 2013578  TRANSIT CONN 3514
2013578  TRANSITCONN 33871 213578 TRANSIT CONN 1815 2013578 TRANSIT CONN 32.52
Tacama ss7 2013 TACOMA 773 2013578  TRANSIT CONN 3192
Small bump 29048 13578 TRANSIT CONN 12703
2013 23C144 SPRINTER 272 2015 250140 SPIONTER 12031
Transit Cargo 25541 1010 TRANSIT CONNECT 12313
Tacama 22324 2013570 TRANSIT CONN 12144
TransitCargo 24771 2013578 TRANSIT CONN 1566
Tacoma 2343 Tundes me
201357 TRANSITCONN n3s 2013578 TRANSIT CONN mn
2010 TRANST CONNECT 23115 N13S7B  TRANSIT CONN 10397
2010 TRANSIT CONNECT 815 213578 “TRANSIT CONN 10659
S B 2013578 TRANSIT CONN 10358
TanshWagon =5 2013578 TRANSIT CONN 10041
T 5 2013578 TRANSIT CONN 935
SRS = 2013578 TRANSIT CONN %05
013578 TRANSIT CONN 2430
s ] 2010 TRPANSIT CONNICT w7
Tocoma 2001 2013578 TRANSIT CONN =05
e ] 2013570 TRANSIT CONN 8609
TransitCargo 206,64 2013578 TRANSIT CONN a2
Tacoma 03% 0IISTR TRANSIT CONN =033
Tacoma 2007 2013578 TRANSIT CONN n8
MIISH TRANSITCONN 19971 MIISTE TRANSIT CONN 7549

APPENDIX

These vehicles were used in our analysis.

The criteria for selecting included:

- Newer than 2010 Vehicle

- High fuel usage while idling (>100L)

- Standardization (all 2013 Transit Connects despite low fuel usage)

These are an example of the potential vehicles. Further analysis would be required to
select the final vehicles





