spare

Cost and demand

prognostication tool
for demand responsive transportation

Jerome Mayaud
Spare Labs




SEIl Project
(Coordination)

\

Kristel Noges

Expert/PM, SEI Tallinn

kristel.noges@sei.org

SENS
(Model and Report)

\

Jerome Mayaud

Data Science, Spare Labs
jerome@sparelabs.com

spare



Agenda
Part 1

5.

Intro to Spare Labs
Project Overview
Spare Realize

Intro to DRT Model

Model Training

Break (5 mins)

Part 2
1. Model Case Studies
2. Considerations for DRT

3. Conclusions

4. Q&A

spare



spare

Project Overview




spare

EUROPEAN
REGIONAL
DEVELOPMENT
FUND

“Wesponse “"interreg

Baltic Sea Region

EUROPEAN UNION




spare

On Demand @

Paratransit

NEMT @
i), 20

@lo




spare

Demand-responsive transit (DRT)...

. i e [
—
- | A8 i

] ]

| o | o
fills generates enables

transit gaps useful data multimodality




spare

Project aim

Develop a DRT cost and demand prognostication model for public use,
including:

e Building the model
e Preparing instruction material for the model + training participants
e Writing a summary report
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Project objectives

1. Introduce a new way of simulating DRT services to stakeholders
who plan and operate transportation in the Baltic Sea region.

2. Build a planning model for forecasting the cost and demand of DRT,
allowing users to estimate demand and costs involved.

3. Help formulate policy in sparsely populated areas of the Baltic Sea
region, by applying the planning model to selected case studies.
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Intro to Spare Labs
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Spare Labs

Spare helps you build
more efficient
mobility services

A complete and flexible operating platform that
allows you to easily launch and manage your
microtransit, paratransit and ridehailing services.




Spare Platform

Mobility management. All

in one place
Learn about our products -

Twin Pines
Py B= Simulations
. «-o\q M MS Unlock your potential with transit planning
:\O g Zone Directic
% = 47 Configuration & Operations
: Door to Door - Run an efficient mobility service
6
? Lul Monitoring & Scaling
s O L Japebivaras 5, Grow your operation through data

P : &, Eligibility Management

Streamline customer relationships

[J Mobile Apps

Give riders and drivers the tools they need
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SPARE MOVES 2021

Let's create the future of
mobility together!

Dec. 2, 2021—9 am PST /12 pm ET - Come explore
where the industry is heading, connect with a community
of like-minded on-demand transit and mobility providers
and learn from experts in the field.

Register for free



Spare Realize
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Spare Realize: Simulation and planning tool

%

SPARE REALIZE

Bjolsen Service B %K
< Back to Projects
~ Data Layers
Jobs 10,312
Dependent Population 12,157
Total Population 92,290
Microtransit Potential High
Transit Deserts High
~ Agency Savings (annual)
Transit Operator $0.2aM
~ Societal Savings (annual)
Transit User $0.12m
Auto Traveler $1.05M
Health & Safety $0.05M
Lonliness $0.05M

~ Environmental Savings (annual)

GHG Reduction $0.02M
Air Quality $0.01M
Noise Reduction $0.0aM

Est. Net Savings (annual)  $1.35M

< Data Layers

Microtransit

oten

® 0sio - Microtransit Potential

Heatmap

Transit Deserts
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PRODUCT TOUR

Microtransit Planning with
Spare Realize



http://www.youtube.com/watch?v=wE_PiYWX-fw
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Realize Workshops

1. Free Realize licenses for up to 25 municipalities/transit agencies
a. Use for a period of up to 12 months
b. Two training workshops for participants

2. Feedback on Realize
a. Workshop participants provided feedback on Realize tool

3. User needs for SEl model
a. Follow-up discussions with engaged participants
b. Understand their needs for an Excel-based model
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Realize Workshops

NEWS PARTNERS CONTACT LIBRARY PILOTS

“esponse

FEBRUARY 10

Get a free licence for the DRT planning tool
Realize!

Take advantage of this great opportunity
open for municipalities and transit agencies
especially, but not limited to Denmark, Esto-
nia, Norway, Lithuania and Sweden.




Access to Spare Realize

Welcome to Spare Platform Treshx

Spare Platform <no-reply@sendgnd.sparelabs com> 9:43 AM (3 hours ago)
tome v

You have been created an account on Spare Platform and added to SEL.

Click here to set your password and activate your account:

https://platform. labs.cc User?token= ‘n°XAiOiJKV1QlLCJhchiOiJIUzUxMngAeyngCIGIjQxZDBmZDVhLTgoMTMtNDMOOS1hN2U3LWJjY_T_gOYZQSZWVhOClsInRSCGUiOinZXN\dFRvaZVuIiwicZVicmVOIjoiZDJrU]UchSiYIganII

WSls|mV4cGlyZXMinEZMTcyOTKwMDNB MIOCBIINYBENDXTU ngSj7lix_tMPab1 SboihY1 5vaBdBBySZZDgB4CJAsQBQNtQMAxZ(SLCxZSEﬂSu60qMow&organizati0n|d=83952f1 6-567-4ee1-b987-1 b7790f5bc0e

/__///

SPare piatform

Welcome to §
pare Platform. Set your new password b
rd below

Password

Confirm Password
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Spare Realize: Sunne, Sweden

SPARE REALIZE
SEI (Varmland)  Data Layers ~

Projects > Sunne
Service Summaries ~ Savings  Service KPls

v Service Name

Ridership & Rider Experience

Total Boardings

108 © r
Passengers Per Vehicle Hour 70
Average Travel Distance 3km o {
Average Travel Duration omin o
Max Wait Time 67min ©
Median Wait Time 17 min ©
Cancellation Percentage 2% o
Fleet & Vehicles
Vehicle Hours 1 o
Daily Driver Shifts 20
Pooled Trips Ratio 72% o
Pickup On Time Percentage %% o

usberspuel!

Satellite Street

#

Sunne AP
och sommartand

M Map Controls ~

vagen

® Adjust Service

00 AM AM

Population: 10,000

DRT Demand: ~ 100 trips/day
Driver Shifts: 2/day
Efficiency: 7 PPVH

Avg. Wait Time: 17 mins
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Spare Realize: Rakvere, Estonia

SPARE REALIZE
SEl (Public Transport A)
Projects > Rakvere

Service Summaries  Savings

v Service Name

Ridership & Rider Experience
Total Boardings

Passengers Per Vehicle Hour
Average Travel Distance
Average Travel Duration
Max Wait Time

Median Wait Time
Cancellation Percentage
Fleet & Vehicles

Vehicle Hours

Daily Driver Shifts

Pooled Trips Ratio

Pickup On Time Percentage

< Data Layers ~

[,

Service KPIs

5km
1 min

56 min

© o 0 0 0 o

15 min

22%

°

42% o
95% o

Satellite Street

Service Name

o &« T Delete Service
12:00 Al M

Default Demand Segment 2

+ Add Demand Segment

Service Hours

N —

5AM - 6 PM
serving 24 of 33 potential trips

Service Days per Month

20

Average Trip Fare (€)
213

Detour Flexibility

Medium

Fleet Connections

FLEETS

Default fleet

+ Add Fleet Connection

213¢€

Population: 15,000

DRT Demand: ~ 25 trips/day
Driver Shifts: 1/day
Efficiency: 3 PPVH

Avg. Wait Time: 15 mins
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Intro to DRT Model
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Excel Model: Functionality

Core functionality split into 3 key themes:

1. Estimates demand for DRT in study region
a. Based on basic demographic information

service summary (dail Detail
Daily DRT trips (dedicated and non-dedicated) 248 Total number of on-demand trips taken on all types of vehicles in the service.
Daily DRT trips (dedicated only) 198| Total number of on-demand trips taken on dedicated vehicles only.
Daily DRT trips (non-dedicated only) 50| Total number of on-demand trips taken on non-dedicated vehicles only (e.g. taxis).
Daily vehicle hours (dedicated vehicles) 20| Total number of vehicle hours supplied to the service by dedicated vehicles.

Daily DRT trips by vehicle type

Typical distribution of trip distances Typical distribution of trips over the day
w
250 Non-dedicated 10 7
wDedicated e
200 8 5
150 6 4
: :
. | 1l |
S
o Hinl

Dally rips Trip distance (km) Hour of day
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Excel Model: Functionality
Core functionality split into 3 key themes:

1. Estimates demand for DRT in study region
a. Based on basic demographic information

2. Calculates key performance indicators (KPIs)
a. Efficiency, wait time, etc.

Detail
9.9| Average mm ncy (or 'produ ﬁvky) Hhe rvice, measured in passengers pefdedb ted vehicle hour (PPVH).
9| The ait i

1399 M
je efficien ( ‘prod mny)ofmasstra sit, measured in pass ngerspefdedlc ted vehicle hour (PPVH).

I greenhouse gas (GHG) emissions per mode
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Excel Model: Functionality
Core functionality split into 3 key themes:

Estimates demand for DRT in study region
a. Based on basic demographic information

Calculates key performance indicators (KPIs)
a. Efficiency, wait time, etc.

nd service. Negative values represent a loss.
aloss.

Detail
120,437 tal revenue from increased fares collected ‘on-demand service.
50,022| Changes ir tic fixed-route tion, following ir tion of on-demand service.
170,459 Total of i live values represent a loss.
430, mortized ning
-260,065| Total benefits s total costs per repres
T¢ HG s: nta
Estimates financial and

Return on Investment for agency (ROI)
Return on Investment for environment (EROI)

Cost per DRT trip (€)
[Cost per mass transit trip (€)

environmental ROI
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Excel Model: Functionality

Compares costs and quality of DRT with public transport alternative.

Photo source: SEI, Saaremaa DRT pilot



spare

Excel Model: Versions

Two model versions provided to SEI:

1. A complete non-public version of the model
a. All editable tabs shown
b. Includes model formulae and default values and cells

2. A simplified public-facing version of the model
a. Majority of the ‘backend’ is hidden from view
b. Input/output tabs available



Excel Model: Model tabs

Sheet name Status Description

Introduction Public Overview of the model and instructions for how to use it.

Inputs Public Main inputs for the model, which affect calculations and the results
displayed in the Dashboard.

Dashboard Public At-a-glance demand estimations, KPIs and ROl results.

Model_TripData Hidden Calculates key trip-based parameters to estimate demand.

Model_CostBenefits Hidden Calculates the costs/benefits of the DRT service to the transportation
authority and environment.

Model_TripDistanceDistributions | Hidden Calculates cumulative distributions of trip distances by zone type.

Model_TripTimeDistributions Hidden Calculates cumulative distributions of trip times over a typical day.

Model_KPIcoefficients Hidden Coefficients for the regression model predicting KPIs, trained on real data

acquired by Spare.




Excel Model: Model tabs

Sheet name Status Description

Introduction Public Overview of the model and instructions for how to use it.

Inputs Public Main inputs for the model, which affect calculations and the results
displayed in the Dashboard.

Dashboard Public At-a-glance demand estimations, KPIs and ROl results.

Model_TripData Hidden Calculates key trip-based parameters to estimate demand.

Model_CostBenefits Hidden Calculates the costs/benefits of the DRT service to the transportation
authority and environment.

Model_TripDistanceDistributions | Hidden Calculates cumulative distributions of trip distances by zone type.

Model_TripTimeDistributions Hidden Calculates cumulative distributions of trip times over a typical day.

Model_KPIcoefficients Hidden Coefficients for the regression model predicting KPIs, trained on real data

acquired by Spare.

Hidden in public version of model
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Training video

Ready R B F) - e m— 83%

Public link; https://www.loom.com/share/9e30d703fae541198b97522936¢f23e3



https://www.loom.com/share/9e30d703fae541198b97522936cf23e3

Training time!
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Model Case Studies
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Case studies: Locations
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Case studies: Scenarios

Small-scale DRT

Only a small part of the existing
public transport infrastructure
will be replaced by DRT.

(e.g. replacing fixed routes that only
visit some areas once or twice a day,
or fixed routes that receive low
passenger numbers).

Medium-scale DRT

Most of the existing fixed route
bus infrastructure will be
replaced by DRT.

(e.g. only high-demand, high-capacity
fixed route bus lines remain).

Large-scale DRT

All existing public transport on
Saaremaa will be replaced by
DRT.

(This is an extreme option that is
rarely deployed in many systems
around the world.)
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Case studies: Parameter assumptions

Services
e Service days: weekdays (5 days a week)
e Service hours: 5am - 8pm
e Target average wait times: 20-30 minutes
e Average trip fare: €3 per trip

Vehicles

100% of DRT trips serviced using dedicated vehicles
Driver shift length: 10 hours

Opex: €50 per shift hour

Capex: €30,000 to purchase each vehicle
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Case studies: Parameter assumptions

Alternative mass transit:
e Proportion of mass transit: 10% of all trips (before introduction of DRT)
e Mass transit efficiency: 8 passengers per vehicle hour



Case studies: Results overview

- Annual
Median| Max
Daily | No. of | Vehicle |Efficiency| wait wait grnaelaanudl COSt. Agency GHG
< < : " costs |benefits jper trip emissions
trips |vehicles| hours (PPVH) | time time ROI
(mins) | (mins) (,000 €) | (,000 €) (€) (tonnes
CO2e)
ggf;' 213 4 40 53 20.8 91 500 180 | 7.84 | 036 230
Saaremaa M:cda'l‘;m 711 18 180 4 336 | 181 | 2200 | 670 11 0.3 770
Eiglg: 3557 | 70 700 5.1 ; ; 8820 | 3330 | 833 | 038 | 3840
small | g 1 15 17 134 | 415 | 186 17 | 2827 | 0.09 20
scale
Véru M:cd‘_;l‘:em 85 2 24 3.6 157 | 567 | 300 59 | 1265 | 02 60
;iglg: 427 | 10 110 3.9 254 | 1242 | 1,380 | 370 |11.47 | 0.27 320
small | 44 1 10 1.1 131 | 393 | 126 7 | 4684 | 0.06 10
scale
Sunne Msecd;;m 36 1 15 24 13.9 45 186 25 | 1965 | 013 30
ti;f: 179 | 4 40 45 19 | 794 | s04 | 160 | 9.73 | 0.32 140




Case studies: Results overview

scale

- Annual
Median| Max
Daily | No. of | Vehicle (Efficiency| wait | wait e COSt. Agency GHG
trips |vehicles| hours | (PPVH) | time | time sosts || benefits pex trip Rol | Emisstons
P (ming) | (ming) |¢000 €[ (000€) | (€) (tonnes
CO2e)
small | 5,4 4 40 53 20.8 91 500 180 | 7.84 | 036 230
scale
Saarema Msecd‘_;;m 711 18 180 4 336 | 181 | 2200 | 670 11 0.3 770
arge
sl |3557| 70 700 5.1 - . 8,820 | 3,330 | 833 | 038 3,840
small g 1 15 1.7 134 | 415 | 186 17 | 28.27 | 0.09 20
scale
Véru M:c";l‘;m 85 2 24 3.6 157 | 567 | 300 59 | 1265 | 02 60
== ———
';‘zglg: 427 | 10 110 3.9 254 | 1242 | 1380 | 370 |11.47 | 027 320
SELT - 1 10 1.1 131 | 393 | 126 7 | 4684 | 0.06 10
scale
Sunne M:cd;;m 36 1 15 24 13.9 45 186 25 | 1965 | 013 30
Large | 129 | 4 40 45 19 | 794 | s04 | 160 | 9.73 | 0.32 140
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Scenarios
with good
potential
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Case studies: Saaremaa, Estonia

Saaremaa: Medium-demand scenario

Daily DRT trips by vehicle type

Typical distribution of trip distances Typical distribution of trips over the day
800 8
12
700 ’
=Non-dedicated 10 7
000 mDedicated . N
500 5
400 6 ¢
L4l
300 4 3
2
o : | : I I I I
| il =; 1l
0 01234567 8091011121314151617 18192021 012345678 91011121314151617181920212223
Daily trips Trip distance (km) Hour of day
DRT vs mass transit: Efficiency DRT: Wait times Annual greenhouse gas (GHG) emissions per mode
2.0 200.0 2 4
€ 0.00 0.77
80 ) 180.0 5 4 o7
uDRT 160.0 = Median Wait >
7.0 ) . ) g 8.92 8.89
- 1Mass Transit 1400 Max Wait 2
) 1200 282
5.0 89
5 100.0 s 80,
4, 80 £ €
80.0 S 15
30 0.0 ] =DRT
2 1 ;
20 40.0 2 Mass Transit
0.0 0.0 o
Efficiency (pax per vehicle hour) Wait times (mins) Before DRT After DRT
Cost, benefits and net savings for agency (annual) Return on Investment (ROI) DRT vs mass transit: Cost per trip
1,000,000 0.40 2
500,000 08 T EROI - uDRT
i R =Agency ROI Mass Transit
025 8
-500,000 =2,220,000 . .
020 )
1,545,979 o5 10
-1,000,000
010
-1,500,000 Zel 5
005
-2,000,000 0.00 0

Agency benefits (€) Agency costs (€)  Agency net savings (€) ROI (retur per €1 spent) Cost per trip (€)
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Case studies: Voru, Estonia

Voru: High-demand scenario

Daily DRT trips by vehicle type Typical distribution of trip distances Typical distribution of trips over the day
450
o 12 8
400 7
= Non-dedicated 10
350 ) 6
m Dedicated
300 8 5
250 s 4
200 427 ) i
150 | 2
2 I Al |
50 0 I I I I (TET 0
0 01234567809101112131415161718192021 01234567891011121314151617181920212223
Daily trips Trip distance (km) Hour of day
DRT vs mass transit: Efficiency DRT: Wait times Annual greenhouse gas (GHG) emissions per mode
9.0 140.0 8
o 120.0 § u 0.00 0.32
uDRT : = Median Wait o
7.0 8 345
=Mass Transit 1000 Max Wait S 2 343
69 280
5.0 8.0 8 §
8° s
4.0 80 60.0 124.2 E
2 6
30 Wb s, =DRT
2
2.0 £ Mass Transit
0.0 0.0 4 :
Efficiency (pax per vehicle hour) Waittimes (mins) Before DRT After DRT
Cost, benefits and net savings for agency (annual) Return on Investment (ROI) DRT vs mass transit: Cost per trip
600,000 0.35 2
400,000 _
. = 0.30
EROI
200,000 0.0 2 uDRT
p 0.25 =Agency ROI «Mass Transit
-200,000 0.20 15
160,009, 1,380,000 s Y 2368
1,012,237
600,000 027
0.10
-800,000 5 1147
-1,000,000 - 0.05
-1,200,000 0.00 0

Agency benefits (€) Agency costs (€)  Agency net savings (€) ROI (return per €1 spent) Cost per trip (€)
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Case studies: Sunne, Sweden

Sunne: High-demand scenario

Daily DRT trips by vehicle type

Typical distribution of trip distances Typical distribution of trips over the day
200 9 8
180 2 7
160 =Non-dedicated 1o
40 uDedicated . 6
120 °
100 6 4
179 3
50 4
60 | 2
2
: Al
2 o I | I l I I I L1 0
0 0123456789101112131415161718192021 01234567891011121314151617181920212223
Daily trips Trip distance (km) Hour of day
DRT vs mass transit: Efficiency DRT: Wait times Annual greenhouse gas (GHG) emissions per mode
2.0 2.0 2 18
g
8.0 8.0 ) ) s 1 0.00 014
uDRT = Median Wait P N
7.0 700 8 u
Mass Transit Max Wait 2 3.74 373
6.0 60.0 o @12
28
5.0 50.0 2 S0
4.0 8.0 40.0 79.4 E 8
30 200 5 6 “DRT
2
20 20.0 g ¢ Mass Transit
1.0 10.0 2 = Auto
0.0 0.0 0
Efficiency (pax per vehicle hour) Wait times (mins) Before DRT After DRT
Cost, benefits and net savings for agency (annual) Return on Investment (ROI) DRT vs mass transit: Cost per trip
200,000 0.40 2
0.35
100,000 160,081 0.02 EROI wDRT
5 0% =Agency ROI Mass Transit
0.25 %
-100,000 -504,000 o
2 2367
-343,919 10
-200,000 o]
0.10
-300,000 s 9.73
I 0.05
-400,000 0.00 4

Agency benefits (€) Agency costs (€)  Agency net savings (€) ROI (return per €1 spent) Cost per trip (€)



Considerations for DRT
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The power of mobility data
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Non-dedicated trip brokering

@ Dedicated Vehicles @ Non-dedicated Vehicles Demand
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Vehicle right-sizing
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Commingling different services together

; On Demand @
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Conclusions



Conclusions

e SEl has a new, bespoke demand prognostication model - and report!

e Model empowers users to assess:

@)

©)

@)

Potential demand for DRT
Service performance (KPIs)

Costs and ROI for agencies and environment
e Model will be publicly available and free of charge.
e Model applied to 3 case studies in Baltic Sea Region

e Key considerations for DRT:

@)

O
O
O

Power of mobility data
Non-dedicated trip brokering
Vehicle right-sizing
Commingling
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jerome@sparelabs.com

www.sparelabs.com




