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Memorandum
To: City of Bellevue
From: University of Washington, CEE 416 / CET 580 / URBDP 598 Right of Way Team

Intoduction

The City of Bellevue recently launched a pilot bike-share program similar to the one that the City of Seattle,
however, Bellevue’s program differs from Seattle in that their contract with Lime only allows for electric
bicycles and users are incentivized to park the bikes in designated areas known as “bike hubs”. The Right of
Way team, which inculded thirteen graduate students, focused on collecting data for the City of Bellevue,
specifically identifying bike locations in Bellevue and comparing them to reported locations within Lime’s
app.

Methods

Between October 8th and October 31st, 2018, each Right of Way team member made one one hour site visit
to Downtown Bellevue. We each dedicated an additional hour to one other neighborhood within Bellevue
that allowed for bike-share parking. At the time of data collection, these neighborhoods included BelRed,
Crossroads, Eastgate, Factoria, and Wilburton. During these visits we observed how and where bikes were
parked. We focused on how accurate the Lime app was compared to the physical location of the bicycles.
Using the Lime app, we looked for bikes as we conducted walks. If a bike was displayed on the app, we
identified whether the bike were there, and if not, we noted if we were able to find it or not. We also noted if
we found a physical bike which did not display itself in the app. We also documented the bike number, bike
type, and noted if the bike was parked in a “bike hub” or not. In total, 318 bikes were identified through both
the app and site visits.

Results

Below are two figures that briefly summarize our findings. The raw data set can be found attached as an
excel file to this memo.

At % at Found % Found Not % Not % of

Location Location Location Later Elsewhere Found Found Total Total
Downtown 129 59% 75 34% 15 7% 219 69%
Crossroads 17 55% 12 39% 2 6% 31 10%
BelRed 6 75% 1 13% 1 13% 8 3%
Wilburton 31 91% 1 3% 2 6% 34 11%
Factoria 18 86% 2 10% 1 5% 21 7%
Eastgate 4 80% 1 20% 0 0% 5 2%

Total 205 64% 92 29% 21 7% 318 100%

Figure 1: Number and percent of Lime bikes at the 6 locations within Bellevue, WA
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Figure 2: Percent of Lime bikes per location

Discussion

Of the bikes which were found in all of Bellevue, 94% were e-bikes and the remainder were standard bikes (20
total). This suggests that uers are most likely riding or otherwise transporting standard bikes into Bellevue
from Seattle. At one point the app reported a “Lime Scooter” within a group of seven e-bikes, however the
reported scooter could not be found. Of the bikes found Downtown, 56% were located in “bike hubs"”.
Overall, 30% of the bikes reported locations were deemed to be well beyond 25 feet away from where the
app had pinned them. Many bikes that were noted of being within 25 feet of their reported location in the
app were later found in inconvenient locations such as across a busy and wide street or hiding in a courtyard
or parking lot Moreover, the team identified significant distance disparities throughout the Downtown area.
For example, during many surveys where bicycles were found in a group, they would appear on the app to
be scattered in several directions (see Figure 3 and 4). It is possible that these errors are due to GPS errors
resulting from the tall surrounding buildings. Some bikes that were found were not pinned on the apps
map. We assume this is due to the bike being off-line, most likely because it requires maintenance or a new
recharged battery.

We found 12 bikes which were not in the app. We also found 21 bikes which were identified as present within
the app, however, were nowhere to be found within the area.

Conclusion

The Right of Way team determined that the app maintains accuracy in showing Lime bikes in the location
where they actually are only 64% of the time. While we noted the accuracy increasing the further we were
outside of the Downtown area, there were still a few instances where the distance between where the app
reported a bike and the bike’s actual location exceeded 50 feet or more. Usually the bike could easily be
identified from fifty feet away, however, there were occasions where the bike was located across a busy road
from where it was identified in the app, which poses an incovience for the user to search out a crosswalk
or worse, could compromise the user’s safety by jaywalking to reach the bicycle. We hope you find this
information useful.



Appendix - Images, app screen captures, and observations

Figure 3: In-app screen capture of the Figure 4: Bike Hub on the north side of the Bellevue Transit Center
actual conditions in image 2. demonstrating actual locations of bikes, not reported correctly in the app.

Figure 5 and 6: Two screen captures from T. Wisor’s Wilburton trip when the app began showing bikes that were
nowhere in sight and said there were 200 bikes nearby, although that wasn’t the case. These two screen captures
showcase the inaccuracies of the app reports and of the bike’s reported locations.
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Introduction

Bikeshare fleets are an expanding micro-mobility program quality offering additional commute
options for residents which promotes nonnomotorized transportation (NMT), reduces air
pollution and increases physical activity. The City of Bellevue launched its program on July 31,
2018 as a one-year pilot program. Emission reduction due to bikeshare program is one of the
goals of cities and bikeshare companies. For example, in one year, LimeBike riders saved
5,250,000 lbs. of CO2 in the United States (Wachunas, n.d.).

As one of the most important advantages of bikeshare program we refer to is mode shift or mode
replacing, also known as “mode-shift”. Mode shift with the bikeshare program decreases vehicle
trips and consequently it reduces GHG emission due to vehicle gas emission.

In the opposite side of sustainability and bikeshare’s goals, there is a drawback to e-bikes. E-
bikeshare programs are producing GHGs! We can point out to two sources of GHG emission
due to e-bikes arrival to the Bellevue.

First bike batteries need to plug in to charge and they consume electricity. Electricity generators
need the burning of fossil fuels. They put tons of C02 in the atmosphere and it leads to global
warming. According to the 2017 greenhouse inventory report of Puget Sound Energy a majority
of the CO2 emissions in 2017 in Puget Sound was from generated and purchased electricity
(65.7%).

As the second problem, these fleets need some supporting vehicles to swap bikes’ batteries
rebalance or collect them in the city and these Supportive vehicles produce CO?2.

In the next parts we calculate CO2 emission due to charging bikes’ batteries and supportive vans
activities. Then we subtract the amount of the above generated CO2 from CO2 reduction due to
travel mode replacing.

Data Collection

To obtain data, interviews were conducted with multiple sources Andreas Piller, an Associate
Planner in City of Bellevue and contacts at Lime. They provided information regarding average
state of charge of batteries at time of recharging, numbers of bikes serviced daily and so on,
outlined in Table 1 below.

Row Data Quantity
1 Electric assisted bikes in Bellevue 100
2 Bikes trips per day 0.75
3 Each bike average mileage per trip 1 mile
4 Average range in miles of one a fully charged battery 50 miles

5 The average day of bike serviced 30 days



6 The average passenger vehicle CO2 emission 404 grams per mile

EPA.gov
7 Car mode replaced by Limebike approximately 1 out of
every 3
8 average state of charge of batteries at time of 50%
recharging
9 Number of bikes get serviced daily by one van About 30
10 Number of Vans 2 Vans, Ram Pro Master
City
11 A battery charging time 4 hours
12 Average vans daily mileage 100 miles
Table.1

Analysis

Calculating net GHG emission by the E-bike program requires the amount of greenhouse gases
emission for charging Limes combined with the service vans GHG emission due to maintenance
or rebalancing the bikes and finally, we subtracted saved GHG emission due to mode change
from GHG emission by vans and charging process.

1-E-bike’s Battery Charging Effect on GHG Emission in Bellevue

Per Figure 1 below, Limebike’s battery is 250- watts. Electric bikes are also speed governed to
remain at around 15 mph maximum speed. According to Table 1 we know that Lime’s range is
about 50 miles. So, we can calculate time of riding a bike with 50 miles of range:

; iding a 50 mil bike = 20miles 53y
time Of riding a miles range vlke = m = o. ours
hours

Above equation says, 50 miles of riding takes about 3.33 hours to complete which can then be
used to calculate needed energy for a battery charging as below:

250W % 3.33 h = 832.5Wh = 0.83 kWh

0.83 kWh is rounded up to 1 kWh to account for efficiency losses.



Figure 1 Lime Bike

The above equation shows that 1.0 kWh energy is needed for battery charging. We need to
calculate how much GHG produce due to 1.0 kWh energy generation

U.S Energy Information Administration - EIA — Illustrates the major greenhouse gases emitted by
the United States as a result of human activity, and their share of total U.S. greenhouse gas
emissions of 6,511.3 million metric tons in 2016 (U.S Energy Information Administration, 2011):

US GHGs emission

= Carbon dioxide (CO2)—81.6%
= Methane (CH4)—10.1%
= Nitrous oxide (N20)—5.7%

Hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), sulfur hexafluoride (SF6), and nitrogen triflouride
(NF3)—2.7%

Figure 2 US GHGs emission (U.S Energy Information Administration, 2011)



CO2 is a large majority of greenhouse gases at 81.6% of total emissions. Emission is CO2 which
is produced from coal, natural gas, biomass and other gasses burning in Puget Sound to deliver
us convenient electricity. Also, we have CH4, N20 and SF6 amount in the table 2.

PSE Gas Emission CcO2 CH4 N20 SF6

from the Electricity (Metric Tons) (Metric Tons) (Metric Tons) (Metric Tons)
Power Industry 2017

10,176,840 571 139 0.38
Table 2 (PSE Integrated Resource Plan, 2017)

Furthermore, total electricity generation in Puget Sound was almost 21 billion kWh in 2017
(PSE, 2017). Now, according to the U.S Energy information Administration greenhouse gasses
produced from each kilowatt electricity can be calculated by dividing the estimated gas emission
from electricity generation power plants by the amount of electricity generated (U.S Energy
Information Administration, 2011).

o ) estimated gas emission from electricity generation
GHG produced for 1 kWh electricity generation =

amount of electricity generated

The same equation can the be applied to CO2:

CO2 produced for 1 kWh electricity generation = estimated CO2 emission from electricity generation

Amount of electricity generated

10,176,740
20,898,597,826

CO2 produced for 1 kWh electricity generation =

= 4.86 * 10 tons/kWh = 0.487 kg/kWh

The above equation illustrates that 0.487 kilogram or 1.07 Ibs CO2 is in the generation of one
kilowatt hour of energy in the Puget Sound region.

Other GHGs emission such as CH4, N2o and SF6 due to electricity generation are small portions
of the overall share of emissions but not negligible. According to the United Nation Climate
Change, illustrated in the Table 3, these gases are much more potent than CO2 for trapping heat
on the earth (United Nations, n.d.).



Chemical Global Warming Potential (Time
Species Lifetime (years)
formula Horizon)

20 years 100 years 500 years

Carbon dioxide CO2 variable § 1 1 1
Methane * CHy 12+3 56 21 6.5
Nitrous oxide N-O 120 280 310 170
Sulphur
SF6 3200 16300 23900 34900
hexafluoride

Table 3 GHG global warming potential (United Nations, n.d.)

According to the table 2 the share of the above gases in Puget Sound area due to electricity
generation would be:

o . 571 tons
CH4 produced for 1 kWh electricity generation = 20,898,597 826 kWh
2.73 % 1078 ons 0 027gram
= 4. * = VU.
kWh kWh
N20 produced 1 kWh electricit tion = oo ons
produced for GrectricLly Generation =5 898,597,826 kWh
6.65* 107° tons 0.006 gram
= 6. * - = U
kWh kWh
Spemo W electricit fiom = 0.38 tons
produced for erectricity generation =54898,597,826 kWh
=182+ 10710 2% _ 000001892
- kWh kWh

For the sake of consistency in calculations, the above gasses are convicted to CO2 using a Carbon
dioxide equivalent. “Carbon dioxide equivalent” or CO2e is a term for describing different
greenhouse gases in a common (Brander, 2013). For any quantity and type of greenhouse gas,
CO2e signifies the amount of CO2 which would have the equivalent global warming impact.”

The Kyoto Protocol, which is an international treaty for controlling the release of GHGs, is used
for calculating CO2 (Brander, 2013). Global warming potential (GWP) of different components
of GHG are shown in the Table 4.



Table 4 Kyoto Gases (Brander, 2013)

"A quantity of GHG can be expressed as CO2e by multiplying the amount of the GHG by its
GWP. E.g. if 1kg of methane is emitted, this can be expressed as 25kg of CO2e (1kg CH4 * 25
= 25kg CO2e)" (Brander, 2013). Calculations for the gasses in Table 4 are as follows:

CO02 equivalent of CH4 = 0.027 25 =0.675 ———
- 0. 9 %25 = 0. 9

' f kWh kWh

c0o2 ivalent of N20 = 0.006 298 =1.8
= 0. * = 1.
equivalent of W Wh
, gram gram

utvalent of ' kWh ' '

kWh

The amount of CO2 produced for 1 kWh electricity generation was 0.487 Kg/kWh. The sum of
the above values that is the CO2 equivalent of CH4, N2O and SF6 with 487 g/lkWh of CO2 would

be:

gram gram  gram  gram gram
487 _____+0.675 +1.8 +0.4 =489
kWh kWh kWh kWh kWh

The generation of one kWh of electricity in Puget Sound region is equal to 489g CO2. Therefore,
the energy for battery charging is 1.0 kWh multiplied by the amount of CO2 emitted is the
amount of CO2 emission to charge a bike’s battery:

k
Amount of CO2 emission due to one bike's battery charging = 1.0 kWh = 0.489—g

kWh
= 0.489 kg or 489 grams

Next to understand yearly net emissions, charging over the course of a year must be calculated.

According to the Table 1, Lime bike’s average ride distance is about a mile and each bike is used
for about 0.75 trips per day in Bellevue. Multiplying the average numbers of trips per day by
average mileage and total number of bikes will produce the average daily mileage for one bike.



Then, the output is multiplied by 365 days to produce an annual number as shown in the
calculation below.
mile trips

0.75
ride i day

Annual bikeshare mileage = 1 * 100 bikes * 365 days = 27,375 miles

Dividing the above numbers by the bikes range to produces the number of charging per year.
According to the table 1 Lime claims 50+ miles as the range.

Annual bikes mile _ 27,375

Number of charges per year = Average range 50 = 548

0.489 Kgm * 548 times of charging annualy = 268 Kg C02

Therefore, 268 kg CO?2 is emitted in Puget Sound due to charging 100 Bellevue’s E-bike shares.

2-Supportive Vehicle’s Effect on GHG Emission

To understand the full scope of GHG production related to Lime bikes, emissions related to bike
servicing and maintenance bye service vans must be considered as well. According to Table 1
Lime bike operations in Bellevue is maintained by two vans. The vans work in 8-hour shifts,
twice a week cover the area. This vans’ duties include rebalancing bikes from low-demand to
high-demand areas, or from illegal parking spots to legal parking locations. Van servicing also
replaces depleted or dying batteries in bikes.

Driving cars creates tailpipe greenhouse gas emissions. Producing and distributing the fuel used
for cars creates greenhouse gases. Well to wheels (WTW) or upstream emissions are the amount
of GHGs, or CO2 emitted due to extracting oil, transporting it to a refinery, refining oil to the
gasoline and transporting it to the gas station.

Bellevue’s fleet vans GHG emissions are 374 and 70 grams per mile as tailpipe and upstream
GHG emission respectively (U.S. Department of Energy (n.d.). Therefore, 444 grams per mile
is the GHGs associated by service vans travelling to bikes. This is calculated with travel miles
including mileage per shift of about 100 miles twice a week.

miles _days week grams grams

2 vans * 100 * 2 52 * 444 - = 9,235,200
Year

=9.2 tons GHG
day week i year mile ons

By multiplying our van’s emission results as GHGs by 81.6 %, the percentage of GHGs that are
CO2, the amount is converted to CO2:

CO02 equivalent = 9.2 tons * 0.816 = 7.5 tons


https://www.fueleconomy.gov/feg/Find.do?action=sbs&id=37540&#tab2

The output of 7.5 tonnes related to service van operation is a large number for small fleet of 100
bikes in Bellevue. While many mitigations measure could be effective in this context, the most
straightforward solution to reducing this number quickly would be to replace the gas burning
service vans with E vans.

E Vans Replacement

Although E vans are considered to be zero emission vehicles, upstream CO2 emission due to
charging must be considered in the net GHG calculation. Using E vans already available in the
market, associated CO2 emissions can be estimated. For this research the Nissan e-NV200 will be
used as an example. Nissan uses a 24-kWh battery in the e-NV200, their new E van meaning the
amount of needed energy for a single full charge is 24kWh and an average range of 150 miles
(Nissan Performance and Battery, n.d.). If applied to the two 8 hour shifts a week framework, their
annual mileage would be about 20,800 miles per year:

miles _ days weeks miles
2 vans * 100 * 2 * 52 = 20,800
day week year year

Dividing 20,800 miles by the range produces the number of charges of E vans per year as:

20,800miles

Annually charge of van = 150 miles

= 139 times charges per year

This number is rounded up to 150 times to account for efficiency losses.

Each charging needs 24 kWh energy therefore, total needed energy for providing one-year
electricity to operate E vans for Bellevue’s ebike fleet is 3,600 kWh:

150 * 24kWh = 3,600 kWh
3,600 kWh converted to CO2 is 1.76 tonnes of CO2:

co2
489 g Wh

1.76 tonnes compared to current vans’ CO2 emission that is 7.5 tonnes, electricity providing for E
vans would emit 75 % less CO2. Switching to E vans may be valuable to the companies branding
which values low emission travel modes.

* 3,600 kWh = 1,760,400 grams = 1.76 tonnes C0O2

3-Travel Mode Shift

Net GHGs not only includes creation of emissions but also reduction of emissions related to
travel mode shift. For a general passenger car, EPA’s GHG emission is tailpipe emission as a
more accurate approach similar to the above part it is better to consider upstream or well to
wheels GHG emission (EPA, 2018). To calculate mode shift GHGs saved, first the amount of
WTW GHGs emitted due for passenger cars must be calculated. Extracting, refining, distributing


https://nepis.epa.gov/Exe/ZyPDF.cgi?Dockey=P100U8YT.pdf

and storing gasoline produce 14.4 gCO2-eq/ MJ emission as WTW CO2 emission (Schafer et al.
2009). It should be added up with tailpipe emission.

First, 14.4 gCO2-eq/ MJ is converted to grams per gallon CO2 emission. Each gallon of gasoline
includes 131.76 MJ energy:

144 gcoz2 1 1897 gcoz2
. 3 =
Mj 1 gallon — """ gallon
131.76 M]

1897 g CO2/gallon is WTW CO2 emissions. Passenger cars’ tailpipe CO2 emissions from a
gallon of gasoline is 8,887 grams (EPA, 2018). Therefore, passenger cars’ tailpipe and WTW
CO2 emission is the sum of 1,897 and 8,887 grams per gallon of gasoline.

According to Table 1 and Lime’s “approximately 1 out of every 3 trips made on a Lime has
replaced a ride that otherwise would have been made by car” (Lime, 2018). The total annual
mileage of the fleet in Bellevue is 27,375 miles. If 1 out of every 3 Lime trips has replaced a car
trip, then 9,125 miles are saved annually:

1
Annual car trip mileage replaced by Limebike in Bellevue = 27,375 * 3= 9125 miles

To calculate how many gallons of gasoline has been saved by 9,125 miles annual car trip
reduction. An average passenger car’s fuel economy is 22 mpg (EPA, 2018):

9,125miles

miles
gallon

= 415 gallons

Annual CO2 savings by mode shift are 4.5 tonnes of CO2:

rams
ia CO2 = 4,475,360 grams = 4.5 tons CO2

415 gallons = (8887 + 1897) Ton

am
l

Above calculations illustrate that 4.5 tonnes of CO2 are saved in Bellevue in one year due to car
travel mode replacement by Lime bikes.

sensitivity analysis

There are some variables that affect Limebike’s CO2 emission. what the effect would be if variables
were changed? For example, what if ridership (rides per bike per day) increased? Tables 5 and 6 explain
the effects of variable changes.


https://nepis.epa.gov/Exe/ZyPDF.cgi?Dockey=P100U8YT.pdf

Limebike’s ridership is 0.75. What if riders per bike per day change from 0.75 to 1.0. and 1.5.
By the current rate, 0.75 riders per bike per day, annual bikes mileage is 27,375 miles. 100 bikes
were charged 548 times in one year and electricity generation produces 268 kg CO2.

Row Riders/ Annual bikes Number of CO2 emission Kg
bike/day mileage charging annually
1 0.75 27,375 miles 548 268
2 1.0 36,500 miles 730 357
3 1.5 54,750 miles 1095 535

Table 5 ridership’s sensitivity analisis

By the new assumption of 1.0 and 1.5 riders per bike per day CO2 emission due to electricity
providing for bikes’ charging increase to 357 and 535 kg instead of 268 kg. 33% and 49%
increase of CO2 emission are the result of changes in Limebike’s ridership to 1.0 and 1.5,
respectively.

What if more people substituted driving? The current rate of substituted driving is 1 out of 3.
Increasing bikes number in Bellevue and providing better infrastructure for bike riders can create
an opportunity for more people to replace their car travels by bikeshare. If 1/3 of mode
replacement increase to 1/2, how much CO2 can be saved?

Row Car mode replacement Annual car trip mileage Annual CO2 saved
by Lime replaced by Limebike due to replacing car
in Bellevue trip by e-bikes in
Bellevue
1 1/3 9125 miles 4.5 tons
2 Y 13,687 miles 6.7 tons

Table 6 car mode replacement by e bikes sensitivity analysis

Above table illustrates that by current rate of 1/3 annually 3.5 tonnes CO?2 is saved. By new rate
of 1/2 CO2 saving would be 6.7 tonnes with about 50% more CO2 saving.

CO2 Emission per Bike

To understand CO2 emissions per Bike, CO2 must be calculated per bike instead of by the entire
fleet:



268 kg

Annual CO2 emission per bike due to battery charging = 100 bikes — 0.27 kg
A [ CO2 emissi bike due to vehicle activities = 7500 kg =75kg CO2
nnua emission per bike due to vehicle activities = o= = g

Compared one bike’s annually CO2 emission due to electricity production and vans trips,
electricity generation’s gas emission is significantly less than vans gas emission number- about
300 times less-. Below chart shows that charging emissions are minor compared to the
rebalancing emissions.

Limebike's CO2 Emission in Bellevue

= Vans CO2 Emission = Charging CO2 Emission

Figure 3

Results Comparison

For Bellevue’s 100 bikes CO2 emission came from two sources: electricity generation and van
travel. The amount of vans air pollution was 7500 kg of CO2 and electricity CO2 generation was
268 kg. Total CO2 emissions are 7,768 kg of CO2:

7500 kg CO2 + 268 kg CO2 = 7768 kg CO2

There is much more emission creation in fleet service than the actual fleet itself. 268 kg of bike
charging emissions is a small number compared against 7,500 kg of CO2 emissions from vans.
Electricity’s share of CO2 and GHGs emission in Bellevue is about 4%.

Mode replacement in Bellevue accounts for 4.5 tonnes of CO2 was saved annually. Which is
enough data to calculate net CO2 emission:

Net CO2 = 7.77 tonnes CO2 generated — 4.5 tonnes CO2 saved = 3.27 tonnes



Therefore, Lime bike in Bellevue produces 3.3 tonnes of CO2 annually. It does not save CO2
emissions. 3.3 tonnes is CO2 emission.

GHGs consists of 81.6% CO2. Bellevue’s Limebike produces 3.3 tonnes CO2, therefore the
amount of GHGs is 18.4 % more than CO2’s amount:

GHGs Emission = 3.3 tonnes * 1.184 = 3.9 tonnes

As formally established, there are two service vans for the total 100 Lime bikes in Bellevue,
while Seattle has a total of 10,000 bikes serviced by 10 vans. Therefore, in Bellevue each van
provides service for 50 bikes while each van in Seattle serviced almost 1000 bikes. There is an
inefficiency of Bellevue’s vans in comparison with Seattle’s vans which may be due in part to
the suburban spatial structure of the region compared to Seattle’s denser urban environment.

Conclusions and Suggestions

3.3 tonnes of net CO2 emissions is a significant number that can be reduced through multiple
methods. Lime has goals of reducing emissions related to transportation and may benefit from
reduction through E Vans, locating warehouses closer to municipalities with Lime services and
creating incentives for riders commuting to popular nodes or hubs. Bellevue’s fleet of 100 Lime
bikes generates CO2 more than saving it. Specifically, supportive vehicles prodcue 7.5 tonnes CO2
emission which attracts emission reduction attention. As solutions for vans’ CO2 reduction the
following can consider the below suggestions:

E vans:

E vans replacement is an effective way for CO2 reduction. By replacing current vans with E vans,
emissions can be reduced to about a quarter of what it is now. Utilizing new electric vans, the CO2
emission from van travel around the city will be eliminated and replaced by an upstream CO2
emission of 1.76 tonnes related to charging.

In comparison with current vans’ CO2 emission that is 7.5 tonnes, electricity providing for E vans
would emit 75 % less CO2. It is a reasonable CO2 saving.

Despite the CO2 saving, purchasing new E vans imposes a high cost to Lime. Costs may be able
to be reduced in the form of permit discounts or other incentives offered by the City.

Ride Incentives and Regulations

By offering some financial incentives the emissions related to rebalancing to hubs from other
regions of city can be reduced. For example, if Lime were able to offer a 10 cent discount to users
who ended trips in major hubs where bikes are more likely to be picked up, riders may be more
inclined to take a Lime bike to popular destinations knowing they may receive a small reward for
doing so. Furthermore, this may incentivize riders to bring bikes back into major hubs. This will
help to reduce the time required to pick up the Lime bikes from the remote locations thereby,
reducing CO2 emission on a large scale.

Creating more guidelines for use such as parking rules to encourage users to park bikes in a
designated parking hub instead of leaving it to the user where to decide. In an optimistic situation,



assuming all of bikes have parked in hubs by people, vans would not need to travel as far and
produce as many emissions in relocations. In this situation vans activity where limited to only
battery swapping and collecting broken bikes.

According to our interview with a van driver relocation includes 50% of their daily activities. 50%
reduction in vans activities and mileage means 100 miles daily vehicle miles travelled (VMT) will
be reduced to 50 miles. In this scenario, CO2 emission by new VMT would be:

miles ) days week grams

2 vans * 50 * * 52 * 444 - = 4,617,600 grams = 4.6 tonnes GHG
day week year mile

CO2 equivalent = 4.6 tons * 0.816 = 3.8 tonnes

3.8 tonnes of CO2 is a better result in comparison to the current estimate 7.5 tonnes of CO2
emissions but still more than double the amount of the E van service hypothetical. About 50%
change in CO2 emission in this approach is a significant gas emission reduction.

Warehouse by Bellevue:

As one of effective approaches in decreasing vans mileage addresses the miles travelled to
Bellevue from the Ballard warehouse location which imposes extra emissions in commuting to the
cite alone. Vans travel between Ballard and Bellevue 2 days a week and about 22 miles every day.
Their daily VMT is 100 miles and 22 miles in commuting alone can be reduced by strategically
locating near the area of service.

If the warehouse was moved 5 miles from downtown Bellevue, commuting miles would be
reduced by 17 miles daily. Vans CO2 emission for new warehouse position:

New VMT = 100 miles — 17 miles = 83 miles

miles _ days week grams
2 vans * 83 * 2 * 52 * = 7,665,216 grams = 7.6 tons GHG

day week year mile

CO02 equivalent = 7.6 tons * 0.816 = 6.2 tons

In comparison to the 6.2 tonnes CO2 with the current 7.5 tonnes vans CO2 emission, a new
warehouse location inside Bellevue’s boundary with 5 miles destination from Downtown
reduces the amount of van’s CO2 emission by 18%.
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Memorandum

DATE: June 10th, 2019
TO: Andreas G. Piller (City of Bellevue)
FROM: Audrey Tay, Jeanne Allen, Tianqi Zou

SUBJECT: Bike Share Parking Audit Project

Key Findings:
e 54% of all audited bikes are not compliant with parking rules, but only 20% of audited
bikes are causing a problem.
e Infrastructure limitations are contributing to the biggest compliance issues (parking on
private parking, parking that obstructs pedestrians and/or vehicles, and parking off
hardscape).

e Lack of awareness is likely limiting compliance with ADA and safety requirements in
particular.

Key recommendations:
e Partner with local property-owners and businesses to deploy bike-hubs on private
property.
e Modify rules related to parking on hardscape, remove rules related to parking near cafes
and sidewalk seating

e Develop a poster that communicates the parking rules in a clear and engaging way and
can be displayed within local businesses.

Introduction

In late July 2018, the City of Bellevue launched their pilot bikeshare program in partnership with
Lime. In response to bikeshare parking issues faced in Seattle, the City of Bellevue implemented
designated bike hubs throughout Bellevue to encourage bikeshare riders to park in those areas.
They also created a series of rules to regulate where and how users may park. Our research
focuses on the current level of compliance with Bellevue’s parking regulations and seeks to
evaluate the effectiveness of the regulations and designated bike hubs. The goal is to analyze the
data and understand how bikeshare users park their bikes in comparison to the City of Bellevue’s
Bike Share Pilot Permit Special Conditions.




Method

Between May 1st and May 10th of 2019, auditors were sent out to complete a two hour site visit
of the bikeshare program’s designed activity centers. Those designed activity centers are
Downtown Bellevue (primary center), Bel-Red, Eastgate, Factoria, and Wilburton (secondary
centers). To ensure a representative data sample, each of the five areas will be visited in both
morning and afternoon on weekday and weekend. To facilitate travel logistics, we have paired
Bel-Red with Wilburton and Factoria with Eastgate as two field units. Half of the auditors will
visit Downtown, while the other half will be distributed across the secondary activity centers.

Each auditor will be sent out into the field with several paper forms. Each form will include
general questions regarding time, location, neighborhood, Bike ID, Vendor, etc. Beside those
general questions, the form will also include questions about how the bike was parked based on
the requirements given in the City of Bellevue’s Bike Share Pilot Permit Special Conditions. If
the auditor selects yes for any of the criteria, the auditor should also provide a short description,
and the bike will be marked as non-compliant. The last question, “Is the bike causing a
problem?” will help determine if the bike is causing an annoyance to others, regardless of its
compliance with the current rules. In addition to the form, we will request that auditors provide a
photo of the bike with the exact time stamp, so that photos can be matched with the form entry.
A sample Bike Audit Form is included in Appendix A.

Results
Audit Area Bike count
Bel-Red Road & Wilburton 17
Downtown 66
Factoria & Eastgate 13
Total 96

Table 1. Total bike count in each neighborhood

Compliant | Not Compliant Total
Problem 0 5 5
Bel-Red & Wilburton | No Problem 0 12 12
Total 0 17 17




Compliant | Not Compliant Total
Problem 1 9 10
Downtown No Problem 42 14 56
Total 43 23 66

Compliant | Not Compliant Total
Problem 0 4 4
Factoria & Eastgate No Problem 1 8 9
Total 1 12 13

Table 2. Total bike count shown in three different zones that are compliant and not compliant
versus problem and no problem.

Rules Broken

1. Bike is not upright

2. In a vehicle travel lane

3. In a driveway

4. In a paved shoulder along an arterial
street

5. Within six feet of a transit zone,
except at existing bike racks

6. Safety Hazard

7. ADA Hazard

8. Near sidewalk Cafes or sidewalk
seating areas

9. Near hydrants or fire protection
systems

10. At the corner of sidewalks

11. Bike is not parked on hardscape
12. Obstruction Hazard

13. On privately owned property, such

as sky-bridges, plazas

Figure 1. Non-compliance count for each audit area. Percent of bikes that have broken the rules
shown in three different zones.



Bel-Red Downtown | Factoria Sum of % of Causing

Road & & violation problem

Wilburton Eastgate
1. Upright 0 0 0 0 0%
2.TravelLane 0 0 1 1 100%
3.Driveway 0 0 2 2 50%
4.PavedShoulder 2 0 0 2 0%
5.Transit 1 1 0 2 0%
6.Safety 0 3 0 3 100%
7.ADA 4 1 1 6 67%
8.Cafe 2 4 0 6 33%
9.Hydrant 2 6 0 8 63%
10.Corner 4 5 0 9 11%
11.Hardscape 6 3 4 13 23%
12.0bstruction 5 6 6 17 76%
13.Private 8 8 7 23 35%

Table 3. Parking violation summary

Figure 2. Land use type for each audit area; however, these are not exclusive categories.




Figure 3. Percentage of bikes parked in downtown bike hub. Y= Yes, N= No.

Analysis

Bike parking auditors collected 161 observations in total. After removing invalid data and
duplicated bike observations (bikes that were not moved and were recorded by more than one
auditor), 96 observations were included for analysis.

About 70% of bike parking data were collected in downtown area (Table 1). Due to a lack of
bikes within the secondary areas, auditors sent to Bel-Red, Eastgate, Factoria, and Wilburton
often had to go outside the zone boundaries to get additional bike observations. When looking at
all bike observations, the majority of bikes are in commercial and mixed-use areas (Figure 2).
However, the majority of bikes in Factoria and Eastgate were found in residential and
recreational areas. All of the bikes that were observed parked in bike hubs were found in the
downtown area. These account for 41% of total bikes in the downtown area (Figure 3). While
bike hubs have been designated in Factoria, but they were not observed to be in use during the
data collection period.

When assessing parking rules compliance (Table 2), we see that the majority of compliant bikes
were in the downtown area. Bel Red and Wilburton had no compliant observations while
Factoria had only one. Among all compliant bikes, only one was causing a problem, and more
than half of the noncompliant bikes were not causing problems. The most frequently broken
rules are “bikes should not park on private property”(24% of all violations) while 35% of this
violation were causing problem, “ bikes should not impact, obstruct, or block pedestrian or
vehicle passage or bus operations”(18% of all violations) while 76% of this violation were
causing problem, and “no parking on hardscape”(13.5% of all violations) while 23% of this
violation were causing problem (Figure 1). The least frequently broken rule is “bikes should be
parked upright” where no observation was breaking this rule. However, violations related to
travel lane and safety hazard were less frequently observed but 100% of those kinds of violations
were causing problems. Violations related to paved shoulders and transit were reported not
causing problems at all (Table 3).



As noted by the auditors, the safety hazards that were observed were parking near a fire hydrant
or electrical panel. The most common obstruction hazards were blocking the sidewalk or
blocking a parking space.

Study limitations

Our research relied on auditors to independently assess the compliance of the parked bikes that
they observed. Due to this method, we have had to rely on a subjective assessment when it
comes to defining bike parking compliance, as well as whether the bike is causing problems. We
attempted to limit this subjectivity by providing a definition of each term in our survey.
However, we noticed in some cases that auditors still lacked a thorough understanding of the
definitions. Additionally, it was not possible to provide a completely objective definition of
whether a bike was causing a problem or not.

The other problem we have come across is wording the survey. Once the research was finished,
we realized that it would have been beneficial to simplify the land use categories in the form to
avoid double-counting. For example, some auditors marked an area as both residential and
recreational. Simpler categories and more training could have prevented this confusion.

Another limitation we encountered is that some auditors were entering bike ID directly from the
Lime app; which does not include the full ID number. Additionally, the number of Lime bikes
distributed in the City of Bellevue at the beginning of May was only about 120 bikes. Often,
there were less than five bikes at the secondary areas; thus, we had difficulty gathering data for
secondary activity centers.

Several bikes were parked in the same place in the same manner for a long period of time and
were recorded by multiple auditors. To filter out duplicates, we removed bikes that have the
same bike ID and were in the same audit area. In this way, we can make sure that all duplicates
are removed but there also might be unique observations being removed.

Conclusion

Currently the bikeshare permit is limited to public rights-of-way, which is why the rules forbid
parking on private property. However, we observed that, especially in suburban areas, the public
right-of-way is very limited and being able to park on private property, whether in a plaza or
parking lot would be preferable. This would also allow pedestrians to park near building
entrances. We recommend partnering with local property-owners and businesses to deploy bike-
hubs on private property. Locations that seem especially favorable for this include grocery stores
and cafes. We also recommend partnering with transit operators to minimize conflicts and
identify good bike hub locations. This will help accommodate last/first mile connections.

If more bike hubs are installed or infrastructure changes are planned, it will be important to keep
in mind potential conflicts and/or synergies with other cyclists. Private owners need racks to park
their bikes and if these racks are always occupied by bikeshare bikes, this could lead to conflicts
and dissatisfaction.



We also recommend modifying and/or clarifying the rule related to parking on hardscape, so that
bikes can be parked on gravel. We recommend removing the rules related to parking near cafes
and sidewalk seating. As long as bikes are not obstructing use of sidewalk cafes or seating, we
see no evidence that bikes parked near sidewalk cafes or seating will cause a problem.

We recommend developing a poster that communicates the parking rules in a clear and engaging
way and can be displayed within local businesses. Rules should be communicated in laymen
terms. For example, rather than requiring “ADA compliance,” we recommend the poster require
that bikes are parked to leave at least 6 feet of passage. Another rule that appears to require
education is the prohibition on parking near fire hydrants. We would also recommend including
visual representations of good and bad bike parking.



Appendix A: Audit Form

Bike Share Audit Form

Name (First, Last)

Date (DD/MM/YYYY)

Audit Area

Individual Observations

Time (HH:MM)

Bike ID

Vendor

E- bike or pedal bike?

Location: Street

Location: Cross-street(s)

Location: Block face (N, S, E, W)

Is the bike in a designated bike hub?

Street Characteristics

Y/N

(If yes, please describe.)

Sidewalk is less than six feet wide

Residential

Commercial or mixed-use (Retails, industry, etc)

Recreation (Park, school, etc)

Others?

Parking

Y/N

(If yes, please describe.)

Safety hazard

Obstruction hazard

ADA hazard

Bike is not upright

Parked is not on hardscape

The bike is parked within the following:

Y/N

(If yes, please describe.)

At the corner of sidewalks

A driveway

A vehicle travel lane

Paved shoulder along an arterial street

Near hydrants or fire protection systems




Near Sidewalk Cafés or sidewalk seating areas

Within six feet of a transit zone, except at existing bike racks

Privately owned property, such as sky-bridges, plazas

Is this Bike causing a problem?

Please Provide Photo for every single bike!

Appendix B: Completed Audit Forms and Photos

See attached.
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