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L Greenhouse gas emissions by source sector, EU, 2020

Transport (including
international aviation)
232 %

Fuels - fugitive emissions
18 %

Industrial processes

Households, commerce, and prodl:cl use
institutions, and others 94 %
154 %
Agriculture
14%

Manufacturing industries and Waste management

construction 33%
121 %
Indirect CO2 and other
0,
Energy industries 0%
233 %
Source: EEA, republished by Eurostat (online data code: env_air_gge) eurostat|

v" The transport and energy sectors are responsible for the highest greenhouse gas emissions in the EU.
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L Greenhouse gas emissions of transport, EU, 1990-2020 (million tonnes of CO2 eqv.)
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= Domestic aviation uInternational aviation = Road transport
= Railways = Domestic navigation = International navigation(')
Other transport
(") Not included in the EU emissions totals relevant for the energy and climate packages
Source: EEA, republised by Eurostat (online data code: env_air_gge) eurostat¥

v" The transport and energy sectors are responsible for the highest greenhouse gas emissions in the EU.
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(] From Gasoline & Diesel Vehicle to Electric Vehicle

Electric Mobility:
Europe Races Ahead Electric Vehicle Sales, 2010-2020

Countries with the highest share of plug-in electric vehicles
in new passenger car sales in 2020 2,500,000

Norwey 4 [ 7

Iceland 43 _ 45.0%

sweden ¢3 [ 32.2% 2,000,000
Netherlands ‘& _ 24.9%

Finland o= [ 18.1% = World Sales

Denmark 43 [N 16.4% ¢ 1,500,000 - gii::lgzles

switzerland © [ 14.3% Europe Sales
portugal @ [ 13.5%

G = 13.5%
ik — 1,000,000

Luxembourg & - 11.4%
France () - 11.3%
Belgium () [ 10.7% v
United Kingdom 3t [ 10.7% 500,000
Austria = - 9.5%
Ireland ¢ ) . 7.4%
china @ [l 6.2%

United States & IZ.3%

= : T T T
2008 2010 2012 2014 2016 2018 2020 2022

* including plug-in hybrids and light vehicles, excluding commercial vehicles
Sources: ACEA, CAAM, EV-Volumes

ODO statista % IEA (2021), Electric Vehicles, IEA, Paris https://www.iea.org/reports/electric-vehicles
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O From Gasoline & Diesel Vehicle to Electric Vehicle
New car registrations in Germany, share by vehicle type 2015 - 2020.

Data: KBA 2020.

100%
90%
80%
70%
60%
50%
40% 42.10%
30% w—Petrol
26.00%
wDiesel 22.90%
20%
—Hybrid
10% —Purely Electric BAOK
0% mF: T T T ¥ T T T T
Jull5 Jan16 Jull6 Jan17 Jull7 Jan18 Jul18 Jan19 Jull19 Jan20 Jul20
) BYSA4.0

Jan 15
Note: other vehicle types such as LNG and CNG omitted from graph (<1%).
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O Environmental Impact Comparison Gasoline & Diesel Vehicle vs. Electric Vehicle

CO2 EMISSIONS OF NEW COMPACT CARS IN FRANCE
(and in Europe, in life-cycle analysis)

Sold in 2022 for 150,000 km Sold in 2040 for 250,000 km

Internal combustion engine vehicle (Petrol 100%)

T ]

75% of renewable bioethanol

Plug-in Hybrid Electric Vehicle with EB5 | Jow e st pet Plug-in Hybrid Electrc Vehicle with £85 | 125¢oosioars
A R oo  e—
Battery electric vehicle Battery electric vehicle

D> N I oo 0

B venicute + tyres [} sattery [l Energy (electricity + fue)

* With the European electricity mix Source: IFPEN study for SNPAA, AIBS and Intercéréales (June 2022)
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O Life cycle CO, Comparison Gasoline & Diesel Vehicle vs. Electric Vehicle

Life-cycle g h gas issi of line and battery-electric vehicles
250
fra cOzedl Calculated greenhouse gases life cycle emissions over 300 000 km Eeoze | VRRRAN 5 Y B
: 333 200 production

Fuel -48%
combustion -53%

-63%

Electricity
production
-78%

Battery

Vehicle Vehicle

2 28 3 B 8
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g 5 8 8B % 3z
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o g 8 8
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Conventional gasoline Battery electric

https://theicct.org/stack/explaining-evs/

Hytrid LPG |

Hybrid LPG |
BEV EU-27 Avg I ————

BEV Sweden I E==———i
Hybrid LPG I
BEV Sweden IR —————
BEV Sweden I E=————i
BEV Sweden IR

e w a 3

I S y of GHG Emissions Cradle-to-Grave Analysis
o - = = = - o = wgls o ®g wgls 5 = m 66
BlEiges LR e RN R (LR NP R FRRE R R PR RS IRLE SRR EE
: itk ég e L IR E Tzical
;T = ry = - = @ = ;= = - : £ = a E
g g g ] g ] g ] 47
Small car Small SUV Compact Car Compact SUV Midsize car Midsize SUV o" 48 39
% 18 uDisposal, recycling
® Vehicle production CO2 emission = Tailpipe CO2 emission = Fuel/Energy production CO2 emission = Maintenance CO2 emission (engine oil, brakes, tires) = Batery cells production CO2 emission : e et
- ® Manufacture

Material Sourcing

Combustion Engines 2023,192(1), 3—10 -

12
2
4 5
ICEV HEV Bev -1

Fuels Institute Sarce Reorss Conmang



Background °

O Other Environmental Emissions Comparison Gasoline & Diesel Vehicle vs. Electric Vehicle ?

O Life Cycle Assessment
LCA-Based Vehicle Emissions

Regulatory Focus

il
e &

0 00 o
Raw Material Extraction Material, Powertrain Vehicle Manufacture Fuel Cycle Fuel/Energy Use End of Life
& Components (Tailpipe Emissions) Recycling and
Manufacture Disposal

Current Vehicle Emissions

Regulatory Focus

g)’ WorldAutoSteel



O Life Cycle Impact Assessment

Life Cycle Assessment

Category Areas of -

Inventory Impact category endpoint protection Integration
::uo — [Urban air pollution |  [Respiratory disease

rmaldenyde - = Sick building syndrome Human

I A
Benzene [Incloor ek pol ubon | Carcinogenesis socey
{TCDD (Hazardous material |  [Chronic disease [Human health |
I':lez_rd [Noise | | |Annoyance DALY
olse Ozone layer depletion| | !Sleep disorder
HCFC boba, p— ) || Coteract (Social capital|
co, —— |9xid = == Yen
S0, Photochemical oxida Thermic stress e
NOx [Ecological toxicity | |l |Disaster | E |
Total-nitrogen [Acdification | jf [Plant growth Biodiversity o B
: Yen
Total-phosphorus —
VOC |Eutrophication | g::l PE.INES
Waste (Waste | e i et A8
Land [Land use |  |Ener
Copper [Mineral resource use | {User cost NPP
Oil - Phytoplankton
(Natural gas (Eceet fuel vt | Merestrial species
Wood [Biotic resourcesuse |  [Aqueous species Damage
Characterization assessment  Integration
Fawimim Damage Imi padi Integration Life Cycle Assessment
analysis analysis assessment Yasunori Kikuchi, in Plant Factory, 2016



https://www.sciencedirect.com/science/article/pii/B978012801775300024X
https://www.sciencedirect.com/book/9780128017753/plant-factory

Environmental Footprints and Reduction of E-mobility

. Carbon footprint and Reduction
. Particulate Matter Footprint and Reduction
: Human Toxicity Footprint and Reduction by heavy metals
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1 Compact E-Mobility and Sharing Service Project (2022-2023)
SEUNTE % 88k ¢ A CHEONGJU UNIVERSITY SIOUXHEE

........................... CHUNGCHEONGBUK-DO SDX FOUNDATION

BEIY

Tz |
ELE-

Chungbuk
Innovation City

==Y AIE SAFETY. 020. CONVENIENT
SMART LIFE SERVICE

§§ gf&ﬁa—a}(ﬂﬂEll. Qi OB) ADIE g2M, i
SAI2H tH=2l §0l EICk 2

Ten compact E-vehicles sharing services

N
“ = Figure out the blind spot areas for public

K transportation in Chungbuk innovation city, Osong,
Ochang (mart, public offices, etc.)

Improve mobility in 15 min. area (no Taxi and bus area)
Short-distance mode of transfer



Carbon Footprint and Reduction *

O Carbon Footprint Calculation
Total LCI
L e e - . = = - - =
" R Classification (Z = 2l) Characterization (S&3t)
TEeTE T LCI Impact Categories Characterization factors
| e . . 20kg CO, Climate change » GWP
"',:; __“:_ : : :“ 2kg Methane Stratospheric ozone depletion » ODP
o= o oume  SgCFC-M
5 e = o ome  2kg NO, Photochemical oxidant formation » POCP
S e  1kg SO, Acidification > AP
Total emission/Gallon ethanol
Substance Amount GWP4q0 ODP,, POCP AP
(kg) (kg CO, eqlkg) | (kg CFC-11eqikg) | (kg ethylene eqikg) | (kg SO, eqlkg) 20-1 =20 kg COeq
Cco, 20 1 2-21 =42 kg CO,eq
Methane 2 21 0.006 0.005-4000 = 20 kg CO.eq
CFC-11 0.005 4000 1 (20 + 42 + 20) kg CO,eq
=82 kg CO,eq
NO, 2 0.028 0.70 .
Indicator Result
S0, 1 1.00




Carbon Footprint and Reduction

O Life Cycle Assessment and Carbon Footprint

v’ System Boundary: Just use phase (Gate to Gate approach)
v'Use phase
: Raw material aquisition, production and use were considered of Electricity/Gasoline/Diesel
v’ Electricity
: Korean LCIl database
: 5.3km/kWh (0.182kWh/km)
v Gasoline/Diesel
: Korean LCIl database
: 14.5 km/L (Korea Energy Agency)




Carbon Footprint and Reduction *

lectricity

: Korean National LCI DB Raw material _

: 5.3km/kWh Acquisition Production Use

- 0.182kWh/km

: 94.28C02 eqv./km

CO2 emission CO2 emission
E-mobility 94.28g CO2 eqv./km Og CO2 eqv./km
Number Distance km Use Electricity Unit CO2 emission Unit
1 28203 5.12781818  kwh 2562.37075 gCO2 eqy.
2 27.337  4.97036364  kwh 2483.69071 gCO2 eqy. _
3 23.934 4.35163636  kwh 2174.51269 gCO2 eq. v/ Total use: 1,012 times
4 22.054 4.00981818  kwh 2003.70615 gCO2 eqv. v Total distance: 1996.60 km
5 21.215 3.85727273  kwh 1927.47918 gCO2 eqv. v L
6 21.087 3.834  kwh 1915.8498 gCO2 eqv. Total CO2 emissions
7 20.783  3.77872727  kwh 1888.23002 gCO2 eqv.
8 20.655 3.75545455  kwh 1876.60064 gCO2 eqv.
9 20.147 3.66309091  kwh 1830.44653 gCO2 eqv.
10 19.848  3.60872727  kwh 1803.28102 gCO2 eqv. 188.74 kg CO2 eqv.
11 18.904 3.43709091  kwh 1717.51433 gCO2 eqv.
12 18.89  3.43454545  kwh 1716.24236 gCO2 eqv.
13 18.614 3.38436364  kwh 1691.16651 gCO2 eqv.
14 18.197 3.30854545  kwh 1653.28016 gCO2 eqv.



Carbon Footprint and Reduction *

O Life Cycle Assessment and Carbon Footprint

G’X v Gasoline vehicles IR |
& : Korean National LCI DB Acquisition | Production Use

@) © : Ecoinvent LCI DB GLO (Use)

: Small size gasoline vehicle . .
' 14.5 kmiL (Korea Energy Agency) CO2 emission CO2 emission
. 205.08 g CO2 eq./km 4.31g CO2 eqv./km  200.00g CO2 eqv./km

Small Gasoline Vehicle

Number Distance km C0O2 emission Unit v’ Total distance: 1996.60 km

1 28.203 8,012.47 gCO2 eqv. v Total C02 em |SS|OnS

2 27.337 7,766.44 gCO2 eqv.

3 23.934 6,799.65 gCO2 eqv.

4 22.054 6,265.54 gCO2 eqv.

5 21.215 6,027.18 gCO2 eqv.

6 21.087 5,990.82 gCO2 eqv.

7 20.783 5,904.45 gCO2 eqv. 409 . 67 kg C02 eq V.
8 20.655 5,868.09 gCO2 eqv.

9 20.147 5,723.76 gCO2 eqv.

10 19.848 5,638.82 gCO2 eqv.

11 18.904 5,370.63 gCO2 eqv.



Carbon Footprint and Reduction *

O Life Cycle Assessment and Carbon Footprint

Gﬁ v’ Diesel vehicles -

o © : Korean National LCI DB F,{Aivél:]iq;tt?;nal |‘ Production \‘ Use |

ﬁ‘ : Ecoinvent LCI DB GLO (Use)

: Small size diesel vehicle o .

. 17.2 km/L (Korea Energy Agency) CO2 emission CO2 emission
195,01 g CO2 eqvJkm 19.25g CO2 eqv./km 175.76g CO2 eqv./km

Small Diesel Vehicle

N”Tber Dis;znzcggkm CSOZQ‘;”;;S“’”S Cg’zmt v’ Total distance: 1996.60 km
. ,499. g eqv. ..
2 27.337 5,330.99 C02 eqv. v’ Total CO2 emissions
3 23.934 4,667.37 gCo2 eqv.
4 22.054 4,300.75 gCo2 eqv.
5 21.215 4,137.14 gCo2 eqv.
6 21.087 4,112.18 gCo2 eqv.
7 20.783 4,052.89 gC02 eqv. 389.55 kg CO2 eqgv.
8 20.655 4,027.93 gCo2 eqv.
9 20.147 3,928.87 gCo2 eqv.
10 19.848 3,870.56 gCo2 eqv.
11 18.904 3,686.47 gCo2 eqv.



Carbon Footprint and Reduction *

O Carbon Footprint and Reduction

450 220.93
kg CO2 eqv. 200.81
400 kg CO2 eqv.
350
409.67
300 kg CO2 eqv. 389.55
2 250 kg CO2 eqv
[J]
S 200
S M o
b
< 150 188.74
100 kg CO2 eqv.

50

Qazwline Vehitte



Particulate Matter Footprint and Reduction *

O Particulate Matter Footprint

v The PM Footprint is the kg or ton PM2.5 eqv. value, which is considered ammonia (NH3), nitrogen

dioxide, nitrogen oxides, sulfur dioxide, PM10, PM2.5, produced from raw materials acquisition,

manufacturing to use (cradle to gate) of product, process, and service. (KIM 2017, KIM 2022)

Midpoint Endpoint

Emission Unit kg PMys eq. DALY*(year)
Ammonia (NH3) kg 0,32 8,32E-05
Dust,PMyg +25 kg 1 2,60E-04
Nitrogen Oixdes(NOx) kg 0,22 5,72E-05
Nitrogen Dioxide(N,O) kg 0,22 5,72E-05
Sulfur Dioxide(SO,) kg 0,2 5,20E-05
Sulfur Monoxide(SOx) kg 0,2 5,20E-05

I, (midpoint impact) = ),; CF,; X mi (D)
I, (endpoint impact) = },; DALY,,; Xxmi (2)

where mi is the magnitude of intervention i (e.g. the
mass of NOx released to air), CF,; the characterization
factor that connects intervention i with midpoint impact
category m (here, particulate matter formation), DALY,
the DALY factor that connects intervention i with endpoint
impact category m (here, particulate matter formation)
and |, the indicator result for midpoint impact category
m. (De Schryver and Goedkoop 2009; Goedkoop et. al.
2009, Kim et.al 2016)



Particulate Matter Footprint and Reduction *

O Particulate Matter Footprint

Raw material |‘ Production |‘ Use I ﬁ
Acquisition
PM2.

PMF PMF 263.36g PM2.5 eqv.
0.132g PM2.5 eqv./km  0g PM2.5 eqv./km  (Total distance: 1996.60 km)

Raw material |‘ Production |‘ Use I q
Acquisition
PM2.

PMF PMF 21.37g PM2.5 eqv.
0.002g PM2.5 egv./lkm 0.009g PM2.5 eqv./km (Total distance: 1996.60 km)

Raw material g
ﬁ Acquisition I‘ Production I‘ 25E | q
© PM2.

Diesel Vehicle

Gasoline Vehicle

PMF 439.47g PM2.5 eqv.
0.07g PM2.5 eqv./km

(Total distance: 1996.60 km)



Particulate Matter Footprint and Reduction

O Particulate Matter Footprint and Reduction
v Total distance: 1996.60 km

PM2.5
500 185.65
450 g PM2.5 eqv.
400
300 232.45
5 ey @@ g PM2S ey, o o
&5 250
S 200
o
o
150 263.36 439.47
100 g PM2.5 eqv. 2137 g PM2.5 eqv

g PM2.5 eqv.

50

Gasoline Vehicle Diesel Vehicle



Human Toxicity Footprint and Reduction by heavy metals *

O Human Toxicity Footprint

v Human Carcinogenic Toxicity Footprint is quantifying human toxicity impact (ug 1,4 DCB eqv) by
heavy metals such as Pb, Cd, Cr, Cu, Mn, Fe, Ni, As, Be, Al, Ca, Mg etc.

freshwater terrestrial

Name o human toxicity o Unit
ecotoxicity ecotoxXicity
* ReCiPe method, Characterization factors Antimony 213 35,234.00 6.72 kg 1,4-DCB-Eq
. - . - Arsenic 1.74 649,510.00 576 kg 1,4-DCB-Eq
for Ecotoxicity and Human toxicity Barium 0.40 53,378.00 0.86 kg 1,4-DCB-Eq
(kg 14-DCB eq.) Chromium 0.12 0.22 4.66 kg 1,4-DCB-Eq
- 6 elements are in the list Silver 50.54 57,119.00 2,179.90 kg 1,4-DCB-Eq
Zinc 0.62 2,614.30 28.76 kg 1,4-DCB-Eq
I, (midpoint impact) = Z CF,; Xmi (D
i

where mi is the magnitude of intervention i (e.g., the mass of Cr released to air), CFmi the
characterization factor that connects intervention i with midpoint impact category m (here,

human carcinogenic toxicity)®



O Human Toxicity Footprint
v’ Total distance: 1996.60 km

g 1,4 DCB eqv.
H

0.029
g 1,4 DCBeqv.

. %
=J"
8.23
g 1,4 DCBeqv.

8.26

g 1,4 DCBeqv.

Gasoline Vehicle

7.39
g 1,4 DCBeqv.

7.42
g 1,4 DCBeqv.

Diesel Vehicle

99% impact
comes from
the USE phase



Human Toxicity Footprint and Reduction by heavy metals

O Human Toxicity Footprint in Urban system (local and regional system)

Heavy metals are accumlated in urban system! Such as Al, As, _
.’ Br, Cd, Ce, Cl, Cr, Cu, Fe, K, Mn, Ni, V, P, Pb, Rb, S, Sr, Ti, etc. 3




Human Toxicity Footprint and Reduction by heavy metals *

O Human Toxicity Footprint (local and regional aspect)

v'Air monitoring data, Soil and tree leaves (bio-indicators) sampling and analysis
v' Emission mapping

As |

mg/m®
104
096
88
o8
072
oes
036

Ag
mg/m’

0.165
0.15
0.135

0.105
0.09
0.075
0.06
0,045
0.03
10015




Human Toxicity Footprint and Reduction by heavy metals *

O Human Toxicity Footprint (local and regional aspect)
v'Air monitoring data, Soil and tree leaves (bio-indicators) sampling and analysis
v' Emission mapping to Toxicity mappling

ReCiPe method,

Characterization factors for
Ecotoxicity and Human
toxicity (g 14-DCB eq.)

Ag+As+Ba+
Be+Co+Cr+

R




O Human Toxicity Footprint in/for Biosphere Reserves

Heavy metals are accumlated in urban system! Such as Al, As,
" Br, Cd, Ce, Cl, Cr, Cu, Fe, K, Mn, Ni, V, P, Pb, Rb, S, Sr, Ti, etc.
o ©

ReCiPe method,
Characterization factors for
Ecotoxicity and Human

N TOURISH

. Corearea
. Buffer zones
. Transition area

The Biosphere Reserves' three main zones
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