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MSc. Sebastian Castellanos
Urban Efficiency and Climate Associate
WRI Ross Center for Sustainable Cities

Bachelor's in Electronic Engineering from the Universidad de Los Andes (Bogota,
Colombia), a Master's Degree (Project Management and Technology) from the Ecole
des Mines de Saint-Etienne (France) and an MSc. in Transport Planning and the
Environment, from the Institute for Transport Studies at the University of Leeds (UK).

As Urban Efficiency and Climate Associate he leads the vehicle efficiency solution
area. Sebastian provides advice and support to cities in designing and implementing
low carbon, high efficient transport solutions and policies, including electrification of
the transport sector, fuel economy policies and Intelligent Transport Systems (ITS)
among others.
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THE CURRENT GLOBAL VEHICLE STOCK IS‘ CLOSE

» TO 1.7 BILLION
-, . | -

WHO, “Global Health Observatory data repository”, 2015
Photo: B137
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Sitty and Taft, “What will the global light-duty vehicle fleet look like through 2050?”, 2016
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WITH MOST GROWTH HAPPENING IN DEVELOPING
ECONOMIES
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At the same time, mobillity is changing
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Mobility is changing

Source: Silver Blue
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THESE DISRUPTIONS CAN LEAD TO THRIVING
SUSTAINABLE CITIES... OR NOT

Much depends on how we manage and direct these
transitions.
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| WRI is a global research organization that turns big ideas into
action at the nexus of environment, economic opportunity and human well-
being.
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WE WORK AROUND 6 GLOBAL CHALLENGES

Governance

Cities &
Transport

Finance

Business

Economics
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TO COMPLY WITH A <2DS, THE TRANSPORT SECTOR
MUST BE COMPLETELY DECARBONIZED BY 2060

Transport

m Electricity and heat Transport
2014 2020 2040 2060 2080 2100 production it oo

m Other energy ind. own use

e 2 DS e B2 DS m Manufacturing industries and

construction

« » Ko
[Left] IEA, “Global EV.OutIook,2017. o . o §$§;§ WORLD RESOURCES INSTITUTE
[Right] IEA, authors with data from “CO, Emissions from fuel combustion: Highlights”, 2015 .



23% of CO,
55% of PM,,

40% of NO,,

(Bogota in 2006)

...
@@ 5% of the fleet
(@
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VEHICLE ELECTRIFICAT\ON

A NEW ROPE



CURRENT
PENETRATION OF
EV’S IS BUT A DROP
IN THE OCEAN,
HOWEVER IT’S
EXPECTED TO
INCREASE IN THE
COMING YEARS

Fossil fueled vehicle stock:
1.7 billion

Current stock:

4 million \

EVs

e
Authors with data from IEA, “Global EV Outlook”, 2017. §j§;§ WORLD RESOURCES INSTITUTE



NEW VEHICLE SALES ARE EXPECTED TO BE 35%
ELECTRIC BY 2040

m of vehicles sold per year % of new car sales
140 - Bloomberg 100%
NEW ENERGY FINANCE
120 - A% -:_fEEV"
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Source: BNEF, “Electric Vehicle Outlook”, 2017 ‘\%}? WORLD RESOURCES INSTITUTE



ELECTRIC VEHICLE BATTERY PRICES ARE FALLING FAST

EVs cost
competitive
40% with
conventional
vehicles

2010 2014 2017 2020s?
(Tesla’s Giga
factory)

A
1. Nykvist and Nilsson “Rapidly falling costs of battery packs for electric vehicles”, 2015, ‘:\4\‘\? WORLD RESOURCES INSTITUTE



All Volvo cars to be electric or hybrid
from 2019

Landmark move as first big manufacturer says it will stop making vehicles solely
powered by internal combustion engine

g Sy b !E‘xu,““

In Pivotal Moment, Tesla Unveils Its First Mass-Market Sedan

By BILL VLASIC JULY 29, 2017

The Tesla Model 3 sedan. Tesla i
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France to ban sales of petrol and diesel
cars by 2040

Move by Emmanuel Macron's government comes a day after Volvo said it would
only make fully electric or hybrid cars from 2019

Renault's Zoe electric car will escape France’s ban after 2040. Photograph: Renault

Britain to ban sale of all diesel and petrol
cars and vans from 2040

Plans follow French commitment to take polluting vehicles off the road owing to
effect of poor air quality on people’s health

Min believe poor air quality poses largest environmental risk to public health in UK. Photograph: Peter
Macdiarmid/Getty Imaqes
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ELECTRIFYING BUSSES ALREADY MAKES SENSE FROM A
CO2 PERSPECTIVE IN MANY COUNTRIES

100
90

80

CO, emissions threshold for electric buses compared to Euro V

Annual CO2 emissions (tons) per bus

Electric buses

e
Source: authors with information from IEA ‘*,&:3} WORLD RESOURCES INSTITUTE



WILL THIS BE ENOUGH?
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ALREADY OVER 300 CITIES HAVE IMPLEMENTED ELECTRIC OR
HYBRID BUSES AS PART OF THEIR FLEETS
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More expensive
vehicles and
infrastructure

Fear of change
and lack of
knowledge

Technology Outdated
readiness (e.g. procurement
range) models
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Emerging trends and innovations for electric bus adoption—a comparative
case study of contracting and financing of 22 cities in the Americas, Asia-

Pacific, and Europe

Xiangyi Li", Sebastian Castellanos, Anne Maassen

Werld Ressurce It 10 6 Strest NE Swite S00, Wiskington, D, 30002, £154

ARTICLE INFO ABSTRACT
Kywardh: Electric buses hive local emvironmental benefits, which has Incentivized cities to transition their feers from
Elesire bm diesel o edectrie. However, the adoption of eleciric bus globally bs geographically uneven and limised in scale.

Alizzrative fandng mecharmm

One lssue s the Bl uptoat codt of electric buses. However, few @udies have analyzed the comracting aed

it Wi fiancing machanisms that can help accelorate slectric bus sdsption. As part of the isitial infarsation collectiea
'::‘:_wu" prescess, the pageer i bused on peal-world expesiences ssd evidence, applies o comparative multi-case study 1o 22
P cities in 14 countries. & fumewoek: [s used for analysis, which includes idestifying tachaical pomposents that
Eleciric webicledkd chasgfication: require fuseds and i eapital applind, snd legal arrangements supperting
HEL the amplﬂunnmn Results show that thees key elements are sen in eectric bus adoption across the glabe,
] despite regional diferences. Fiest, booh pablic sd paivate grants, when doficated 1o cleinisg the e, sppesr as
R4z a strong factor underpinning existing clean bus systems. Sevond, less ensily sourees of financing, which may
ns1 come from different stakeholders, can raduce financial risks, and It & where Insovation can happen. Third,
R Innovative ways of stucturing contreetml Implemeststion efestively connert stakeholders and Involve thind-
ety players, which leads 10 shared risks, increased efficiency and [Egroved perfammance.
1. Iniroduction ebectricity used (Mulley, her, & Cosgrow T, and the end of

Electric buses' reduce local air pollution, can improve service
quality by reducing vibration and noise, and incresse vehicle eficiency
through reduced energy comsumption and lower fucl requirements
(United States Department of Transportation, 2016). However, um.
certainties still exist in the lifecycle cost-competitiveness of electric
buses campared to diess] buses. Thess uncertzinties are dee to local
operational cost variations and a lack of methodologies that wmlLd be]p-
account for the social benefits of electric buses (Quarles &
018). According o Bloomberg New 14], e]nclnc
buses are cost-compeiiiive with ceriain battery combent and operational
conditions, and the competitiveness improves in Larger cities, with
longer annual distances travelbed. Alse, the climate benefits of electric

rgy F

buses are largsly d d by the grid Eactors af the
" Correspanding autios.
E-rail addrse sl iiwrlorg (X LiL

life dispasal of used batteries is a question that still needs to be ad.
dressed on a large scale if, Mesmgie, Tillman, =
Shderman, & Van Mierl, 2014). Wlu]:dv.-ie concerns exist, mare and
more cities are coesidering electric buses as an increasingly desirable
alternative te conwentional buses.

Despite recent growth in the market and interests in electric buses,
warldwide implementation is geographically uneven and limited in
scale (Fig. 1), Far examgle, the North American market far electric and
bybrid buses grew by more than 400% fram 2008 to 2000 (Marlay,
2013). In 2016, mare than 4 cities warldwide were operating battery.
powered electric buses (Castellanos & Maassen "), with 87% of the
buses in China (Inter Y AR Shenzhen, China,
hnm: to the krgest urban electric bus fleet (Intermational Enesgy
A 2047), has fully upgraded all urban transit buses into electric

* Elecrrie buses, In this paper, refer to hattery eleetric buses n genersl. But this terminalogy may include seversd types af sechnalagy, based oo different energy
sources, engine types, charging mechantsms, exe. In this paper, hybrid elecisic bus is also iocluded in the eonversation ssd can be seen in same of the cases, due i the

[part of its and fnaseing
case selection critesia cid be seen in the methedologies pan of e paper.

o 201806016

hm i

and similarity 1o batery ehectnic bus comparsd 1o conventional diese] buses, Detailed sxplanations snd

H.eoeim‘.l W\l:mhe.rZD]? Eeceived o revised form 29 June 2018; Accepied 30 June 2018

0739-8859/ © 2018 Elsevier Lid All rights reserved.

Please cite this article as: Li, X., Research in Transpartation Econamics (2018), hitps:/ /doiorg/10. 101 6/} retrec. 2018 06.016

Emerging trends and innovations for
electric bus adoption—a comparative case
study of contracting and financing of 22
cities in the Americas, Asia-Pacific, and
Europe

Xiangyi Li, Sebastian Castellanos, Anne Maassen
August 2018

Research in Transportation Economics
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WE CONDUCTED RESEARCH TO UNDERSTAND WHAT 22 CITIES

AROUND THE WORLD HAVE BEEN DOING TO ACHIEVE
IMPLEMENTATION

Seattle: Hybrid-electric,
Opportunity charging

<]

Foothill: Battery electric

Toronto: Hybrid-electric
< Philadelphia: Hybrid-

O electric

Bogota: Hybrid-electric

Gothenburg: Hybrid
electric, Battery electric Stockholm: Hybrid electric
London: Hybrid electric,
Battery electric PY ® Berlin: Opportunity Charging
Paris: Hybrid electric,
Battery elgetric @
[ ]
Y 'Rome: Battery Electric
®

Turin: Opportunity Charging

Tianjin: Battery Electric
Gumi: Opportunity Charging
® Nanjing: Battery Electric

Shenzhen: Battery Electric
Zhuhai: Battery Electric

P Colombo: Hybrid electric, Singapore: Hybrid
Battery electrigy electric, Battery electric
© Curitiba: Hybrid-electric
®
Buﬁ TFDE & Ehﬂl‘gil‘lg SYEtEm . :I:ct:tlr?:d;a’::’:rr;‘:lectric
[l Battery Electric Bus TeCh nOIOgy mix
[0 Hybrid Electric Bus
I Cpportunity Charging Bus
m Battery
electric
N. America S. America Asia Oceania Europe charging
6 2 7 1 9 ® Hybrid-
electric

o
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The elements that
make-up an
investment in low
emission buses
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The sources of

The elements that funding available

make-up an
, P i to pay for these
investment in low .

o investments
emission buses Funding

sources

. . S
Financial products [
that can be used to
mobilize third- ‘I‘
party capital
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The sources of
The elements that

make-up an funding available
: i , to pay for these
investment in low instZments
emission buses Funding

sources

Delivery

Financial mechanisms
Financial products s The distribution of
that can be used to risks and
mobilize third- ‘I‘ 1 responsibilities
party capital among involved
parties
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WHAT ARE
CITIES
INVESTING IN
WHEN
TRANSITIONING
0% TO ELECTRIC
FLEETS?

Investment
components

.Q%}} WORLD RESOURCES INSTITUTE



SHENZHEN, CHINA

14.500 electric buses
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LONDON, WATERLOO GARAGE
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Charging stations
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BEIJING, CHINA
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Battery depots and
swapping machines
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Tangible
assets

iy =

Land
(Charging Zones)

(Foothill)

flbx

Charging
Stations &
Infrastructure
(Turin, Paris)

Buildings
& Additional

_E_ Infrastructure
(e.g. battery swapping,

Rome)

Buses
® ® & Batteries

Processes
—_— Planning
—_ v & Preparation
- (Gumi)
Building
& Installing
(Sweden:

Siemens-Volvo)

Operating,

and training
(Bogota)

Maintenance
(Shenzhen)

Intangible
assets

® j
Safety & Health

(Turin)

o Resource
Efficiency
(Fuel / Foothill)

Reputation

° & Brand
(Noise, Air Quality,

Appropriation,
Driver’s Experiences)
(Turin, Gotenburg)

Affordability
(Singapur)
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HOW ARE
CITIES PAYING
FOR THESE
INVESTMENTS?

Funding
sources

o
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Operational savings

4% maintenance
27% fuel
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.. Clean Bus Technology Q‘ 9‘* e
Fund at the national level, B— -
used at the local level
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Proceeds

Fare-
box revenues

00
00

Land value
capture in depots

and stations
(Singapur)

Advertising
in stations and
infrastructure

Operational
savings
(London)

£9)
™
i

B Incentives

Subsidies
(NAMA Sri Lanka)

N .

Fiscal
(Bogotad)

Preferential
pricing
(e.g. electricity tariffs)

(China, Footbhill,
Colombo)

Other
budgets

Intergovernmental

transfers
(Korea)

Dedicated
@ taxes

(Paris)

Sale of assets
and scrapping

:ﬁ‘ ré?‘ (razi)
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WHAT
FINANCIAL
PRODUCTS
HAVE CITIES
BEEN
LEVERAGING?

Financial
products

o
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Private investors own ——__ |
more than half the hybrid
bus fleet
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Green bonds that can be
used for public transport
financing
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B
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GOTA "COLOMBIA
2

* B
e

BO

The Clean Technology
Fund gave a $40M loan to
purchase hybrid buses
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BNDES gives concessional
loans to buses produced
£ = in Brazil
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Equity |\%§y

. "‘ * . Private investors
(Direct or indirect)

294 TR

-
111

Public equity
(Italy)

/e
Debt | )
e @E

Q Bank Loans

D D D (Public or Private)
(Bogota)
——1

International

climate finance
(Bogota)

N

Green Bonds
(Tianjin)

omN
De-risking [ WOy
e-ris mgl’&_&

ay

ontingency
Funds
(Bogota)

Provision
Contracts

Concesional

loans
(Curitiba)
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HOW ARE RISKS

ALLOCATED
BETWEEN THE

DIFFERENT Delivery
STAKEHOLDERS meehanisms

o
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NZHEN, CHINA
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-
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o
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Bus companies and third !
™ parties purchase buses [

and lease them to
operators
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PARIS, FRANCE

Bus2025:
20% of the fleet

J completly electric by 2025
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Softloan
Senior bank loan
SR

Multilateral
development authority
National bank

Stations :;’> Ian | | Reputation | P——
" and brand (1) % installation
Electrical substation —_————
Conventional buses
Charging stations I’ - (" Human e " ,07_
perating &
Bus depots — | Infrastructure | & culture (2) | o
Battery storage facility L y = \
Chargingzones
Electric powersupply P Spech Safety & - ng&
[Drive-traintechnology >/ equipment | | health (3) | preparation
Tangible e Processes
assets assets

Transportation plan

City climate action plan

Urban development plan
Special district purposes
Preferential public procurement

Bt _
Sustainable urban mobility plan

Bus/equipment procurement ‘

|Q=/‘ Route selection

‘[1] Branding ‘

|<::{ Battery swapping

Technical
components

zero
emission

Legal
arrangements

am

Funding

Policy
framework

Ownership
structures

Contracts

F—-———-—-——-==

‘ 1 |[2] Publictransit culture |

Depotcharging

‘Community participation & outreach
Training and capacity building
Integrated designincluding passive

design

|[3] High voltage safety |

Revenues

- Incentives

Other
budgets

A~ e

Vat reductions
Preferential electricity
price

Import duty reduction
Corporate tax breaks

Publicgrants
RE&D grants
OPEX grants
CAPEX grants

s |

Environmental tax
Payrolltax
Salestax

National budget
City budget
Publictra

4:: Publicprocurement conlradi

Concession

Lease-back agreement
Lease-purchase contract

[ 1] Local government
Transitagency

Bus lease
Battery lease

Advertising contract
(lease of publicspace)

Private operator
[ 2 ]Non—pmﬁlorganizat'

e
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Integrated Public Transport Sysiem (SITP)

SITP: 2012
* 13 zones, underconcession to 9 private operators for 24
7/ s lenio
L =+ Fleet: —
—

I- BRT: 1999 (113 kms)

2000 articulated or biarticulated buses
8000 19, 40, 50 y 80 passenger buses
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SITP

Manufacturers
Provides:
Sell'buses * Service
* Maintenance
F/ Supervises * . Drivers
Z Transmilenio Operators Passengers enio
l | ==
-
* Infrastructure
- PIannln.g. Fare collection ==
* Supervision company
S/km (90%)
— S/PAX (10%)

Trustfund

—~——
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HYBRID BUSES
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'GENERAL OVERVIEW

£y Start of operation: 2012 - .ﬂ 2 5%
. 500+ buses Volvo, hybrid- =="Fuelonomy
. electric operated by 2

| operators (f\ 390/0 W

1+ Mixed traffic buses, with SSlEen | OO

doors on both sides (/\ 5 O 0 /0 g

Reduction in NOx
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Investment

components
Tangible assets Intangible Processes
assets

Hybrid buses with  User perception  Planning by
regenerative of Bogota as a Transmilenio with
braking “low carbon city” operators
Batteries  Training by Volvo

« Maintenance with

Volvo
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Funding

sources
Investment Incentives
proceeds
o User fare Fiscal incentives

No VAT - 16%

Corporate tax reduction up
to 100% of cost of bus
Import duties reduced
from 38% to 5%

Other budgets

 Advertising on
buses proceeds
go directly to the
operator

WORLD RESOURCES INSTITUTE



Equity

Private investors

Financial
products

Debt

Clean Technology Fund
Bancoldex (Colombian
development bank)
Commercial banks

De-risking

 Contingency fund
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SUSD
40M

CTF

\ Transfers funds to

IADB

SUSD
40M

Lends to
Bancoldex
Lends to
Commercial
banks

\\\\iendsto

Operators
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Institutional
frameworks

Technolgy improvement
plan (Plan de ascenso
technoldgico)

Delivery

mechanisms

Legal entities

Mixed

Concession
involving private
operators

Contracts

Purchase + maintenance +
training contract between
operators and Volvo
 Vehicle purchase + 5-year
maintenance contract +
training
Battery leasing:
» Separate from purchase,
at USD 0,15/km

WORLD RESOURCES INSTITUTE



P AR A
SITP - hybrid model
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THANK YOU FOR PARTICIPATING!

Questions or comments:

terravirsilas@wri.org

valeria.hurtado@wri.org



mailto:gabriela.aguilar@wri.org
mailto:valeria.hurtado@wri.org
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