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Mobility and CO2

Introduction

Energy Transition:
e Climate and environmental challenges require an urgent and ambitious response.

e Renewables and Energy Storage assume the role of “‘game-changers” in energy

transition.
e Land Transportation transformation towards electromobility is unstoppable over the
world.
Energy Policies:
e The European Union is committed to achieving climate neutrality by 2050.
e The National Integrated Energy and Climate Plan (PNIEC) 2021-2030 is published

by the Spanish Government.

e The Canary Islands (Spain) is committed to decarbonize the archipelago by 2040.
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97% of External
Oil Dependence

40% of total
emission in
transport sector

Electricity sector
is a 20% of total
final energy
consumption

Morocco

La Palma

Peak: 45 MW

Demand: 254 MWh
Renewable: 10%

CO2 ratio: 0.6 t. CO2/MWh

La Gomera
Peak: 12 MW
Demand: 70 MWh
Renewable: 0%
CO2 ratio: 0.65 .CO2MWh

El Hierro

Peak: 8 MW

Demand: 48 MWh
Renewable: 50%

CO2 ratio: 0.37 .CO2/MWh

Tenerife

Peak: 554 MW
Demand: 3,189 MWh
Renewable: 21%

CO2 ratio: 0.56 .CO2/MWh

Lanzarote-Fuerteventura

Peak: 230 MW

Demand: 1,246 MWh
Renewable: 11%

CO2 ratio: 0.6 .CO2/MWh

Gran Canaria

Peak: 545 MW

Demand: 2,986 MWh
Renewable: 18%

CO2 ratio: 0.57 LCO2/MWh

100 km
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Objective

“Evaluate different light-duty vehicles' power-train technologies in
terms of energy consumption and GHG emissions from the well to
the wheels in the Canary Islands context”
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Methods - Well to Wheels Overview

Hawkings et al. (2013)... “it is counterproductive
to promote BEVs in areas where electricity is
primarily produced from lignite, coal, or even
heavy oil combustion”

M. Sivak and B. Schoettle (2018)... “Countries,
such us India, China, USA and most African
Countries, that use oil or coal as major energy
sources in the electricity mix harm the benefits
of BEVs as emissions mitigator ”

JRC, 2020, the PEV while electric propulsion on
the vehicle is efficient, the overall energy use
and GHG emissions depend critically on the
source of the electricity used.
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Materials, energy and water

LCA
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Environmental impacts and GHG emissions
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b) Well to Wheels (WtW) methodology Scheme u
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Methods - Well to Wheels

Internal
combustion
Engine
Vehicles
(ICEVSs)

£

Plug-in Electric

Vehicles m

(PEVs)
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Methodology — Well — to — Wheels (WtW).

a) Well to tank

Procesess

b) Tank to Wheels

Internal
Combustion
Engine vehicles
(ICEV)

Procesess

Electric Power
System

a) Well to Plug

Plug-in Electric
Vehicles (PEV)

b) Plug to Wheels
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Results
Energy Emissions
Consumption COy.qq
[MJ/100km] [£CO4.cykm]
By technology By Segments:
ICEV - Gasolina
ICEV - LPG
mHEY - HEV
PHEV
BEV :
By Scenarios:
At Present (2020) | Mid-Term (2030)
Canaria Tenerife — Gran Canaria —
Lanzarote - La Comee F‘f::;::::?
Fuerteventa La Palma
ra
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Methods - Well to Wheels

CANARY ISLANDS PATHWAYS

- e

n=42 f=42 Impacts in the island m ICEV -
Station - Gasoline~
Transport to the H Fuel Transport Tank D Diesel- LPG
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. Transp. + Distr. M Charger
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Methods - WtW modelling

W1IW - Energy Consumption::

“The energy spent from the energy fuel source well to the wheels of the vehicle to cover a certain
distance” - Measured in [MJ/100km]

n
Wtwenergy consumption — (Z (1 + WtT, .Total expended enegy )) * TtWeo, consumption

n=1

WtW - GHG Emissions:

“The sum of GHG emissions derived from the exploitation, transformations and
transportation of energy fuel sources from the well to the car added to the car tailpipe
emissions when it covers a certain distance” - Measured in [g.CO2-eq/100km]

I
WitWeig emissions = Z(l + ntW,) © WitTgugy | + TtWeug emissions

"
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Methods - Light-duty Vehicles Inventory

Database features:

e Almost 46,460 newly light-duty vehicles registered in the Canary Islands collected (more
than 80% of the total registrations from private car users).

Sales from january 2019 to december 2020.

Data mining from real newly registrations, counting sales according to Brand, Model, Power
(CV or KW), Variant, Segment, Type of Fuel, Type of Power-Train.

Technical data:

WLTP consumption cycle. Low, Medium, high & very high speed consumptions.

Island users mobility routines (35% Urban, 30% extra-urban, 30% highway and 5% high
performance.

5 groups of segments created.
Up to seven powertrain configuration/technologies considered. u
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Results - Tank to Wheels and Plug to Wheels

Energy Consumption [MJ /100km] Sample Share by Powertrain
(A) | Emissions [g.CO2/ km] technologies (%) 85% 4% 1% 3% 6% >1% 1%
Power-train Tocnology ICEV- | ICBV - “ICBV-. | gy | pmv | puve | BEVE 129
Sample Share by Gasoline | Diesel LPG REEV
g.CO2/km
Segments (%) 1821 197.4 2125 1794 | 1441 | 1332 | 6455 || Average in
Average fleet :
a1319) | (363) | (33.0) | (1283 | (1043) | @07 ) Canary
: 162.4 2275 1495 1403 59.9 Islands
49 P By g . X " 227. 1 .3 s A
o | A= Hogment. Micro-cuy wd L eham Cary (117.6) (1423) | (1083) | (101.6) ) 121
, g.CO2/km
37% ] e 170.9 1622 2078 1574 | 1328 | 1105 | 63.7 .
B & C- Scgment: Subcompacts, Compacts and MidSize. 030 | (1120) | (1300) | 1139 | 962 | 265 | © A"‘;rsgii in
0 : . 190.0 1752 2128 1841 | 1829 | 1167 | 606
1% D & B~ Segment: Large: cors snd family cars. 176 | 2100 | (1332 | @3p | 029 | @83 | © 123
g.CO2/km
_ 1916 | 213.1 2099 1904 | 1444 | 1359 | 666 || Average in
55% Tiopment: AMRoud pacy, Cromovesy sad VA (1388) | (147.) | (313) | (1356) | (1049) | @14 | © Europe
M-Segment: Multi-purpose vans, cargo vans and mini 178.8 2099 2497 230.1 928
3% vans. (129.5) | (1449) | (156.3) 3 (158.9) 3 (0) I I
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Results - WtW for 2020 scenarios in the Canary Islands

L Energy Consumption for Average Light-duty Vehicle Fleet O Gasoline fleet seems to be in average
R the less pollute and less consumption
*‘w solution for ICEVs
"° I I I I I ! I a I il I o I o I g [ d  LPGis better solution for mobility with

vehicles of the D&E and J segments
lotal SHG Emissions for Average Light-duty Vehicle Fleet WIT or WtP . .
s than diesel or gasoline

frvornt Q  Mid-Hybridization just reduce a 3% the
o average GHG emissions compared to
gasoline..

O  Full - Hybridization is key to reduce
significantly both WtW energy
consumption and GHG emissions.

L
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Results - WtW for 2020 scenarios in the Canary Islands

EnergyCommuption fir Aversgs Ligntiduty Vellek Fleet: @ In general, for 2020 scenarios, PHEVs is
A | not and efficient solution for all island,
oo N except El Hierro.

e I I I I I a I 0 I ] I B I H I TS O The worst case scenario is on La Gomera

for PHEVs, that depends on 100% on
Total GHG Emissions for Average Ilight{duty Yehicle|Flee WIT or WtP

10 g diesel oil for electricity generation.

fvorh d  Spite of 16% of renewable sources in
average in Canaries, BEVs, in general
show better results both energy
efficiency and emissions for all systems,
except La Gomera.

O BEVs in El Hierro island reduces almost
a half of emissions and energy efﬂciw
in comparison to the HEVs.

Fuel Life Cycle Analysis for Different Types of Vehicles in the Canary Islands



Mobility and CO2

Results - WtW for 2030 future scenarios

T SRR TR PR Yeu et Q For ICEV, the is not capacity to improve
g - their emissions and efficiency in future
i scenarios (2020 fleet).

E. I I . I . I . I . Q anversely, for'D'E\/s (PHEVs ghd BEVs)
g with the electricity mix transition

. o i i i hdow i towards decarbonization, the figures for

:94” ] .{ ‘}"’ ’ J the impacts on WtP process improves

i considerably.

o I I I I A  For PHEVs in terms of energy

E . .J . consumption are nearly HEVs but reduce
& ) AR AN A ) their emissions in all systems respect

P conventional cars.

L > [ For BEVs, the reduction of total emissions
is neary 73% respect gasoline cars,, u
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Discussion and Policy Implications

5% @ National Labeling for Energy Consumption in
PHEVs @ Spain:
= Less Emissions — —
g =
< 230 n [ | [ E | i
(C:; pHEvs §=B
S e ( | 007] #oo7] Foor) Foor
7? 150 BEVs and HEVs, MHEVS  £16 6 Diesel Old Diesel and
8 HEVS@ PHEVS and LPG and Gasoline gasoline
2 ™
£ 130 v® o ® PLAN MOVES Ill:
% BEVs @) From 4,500 € to 7,000€ for private users
. 2] .
:;,: 80 BEVS 030 PHEVs 2030 and 9,000 € for companies (BEVs)
Y = .
. ) From 2,500 € to 5,000<€ for private users
. ®° Less Consumption %]
30 on PHEVs.
70 120 170 220 270
WitW Energy Consumption (MJ/100km)

SIGEV:Gamline Average HEYV Ayerye Canary Islands Government Incentives:

omHEV Average e ICEV-LPG Average o

@ ICEV-Diesel Average « PHEV Tenerife (2020) Average - 0% taxes on DUl’ChaSG for..

@ PHEV Tenerife-La Gomera (2030) Average ® BEV Tenerife (2020) Average -

@ BEV Tenerife-La Gomera (2030) Average e BEV La Gomera (2020) Average Q . BEVs and . MHEVs and HEVs with

= PHEVs less than 110g.CO2/km, “

and LPG
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Conclusions

The Canaries as similar island regions in the world, depends highly from
fossil fuels.

Policies in this areas towards alternative mobility requires an special
consideration due to the special fuel cycle from the well to the vehicles.
Spite of high dependence on fossil fuels an average of 17% from renewables
makes BEVS the better alternative for light-duty vehicles.

PHEVs should not be promoted until at least 50% renewable mix is achieved.
HEVs plays a key role in short-term to reduce the emissions and the
consumption of ICEV cars.

The rise and popularity of SUV segment becomes a huge problem in the
islands, increasing the average emission of the fleet year per year.

Zero and Eco-Labeling for should be reviewed in the Canary Islands in terms
of car segment or direct and indirect emissions in order to promote the most
potential technologies to cope with climate goals..

Fuel Life Cycle Analysis for Different Types of Vehicles in the Canary Islands



: "'E RGY COV]D AND CLIMATE Cl‘i& E

w?y

/e & ! g
- “ ’ % ‘ ‘ 5’,
P i f :/ "J
&}‘ W
i R e a sl

Thanks for your Attention Universidad

de La Laguna

Acknowledgement:

organization and the sponsors of the calls

Thanks to IAEE 2021 conference 7
(/MEDI
for projects Agustin de Betancourt (2018).




