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GEF Global Programme to Support Countries with the Shift to Electric Mobility @] gj‘

Thematic Working Py 2 & 3 wheelers Light-Duty Vehicles
Groups UN&

WY
» Knowledge materials and tools environment qu

* Network for advocacy, programme .
technology and policy advice Heavy-Duty Vehicles

Charging, grid integration,

RE power supply, batteries

Regional Platforms P UNG&
. Capacity building ADB e gt
+ Establish communities of ‘

practice : . Europe, Middle East, Latin America & _
* Replication and upscaling Asia & Pacific West Asia Caribbean Africa
Country Projects 30+ country projects

« Onsite demonstration

https://www.thegef.org/project/global-programme-support-countries-shift-electric-mobility
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Emissions from Electric Vehicles (EV) charging Ied 30;:

Well-to-wheel GHG emissions from the global EV fleet, 2021-2030
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IEA_ All rights reserved

As the power sector decarbonises, net reduction of GHG emissions from shift to EV accelerates.
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Electricity demand from Global EV fleets Ied fef’

Electricity demand from the global EV fleet by scenario, 2021-2030

Electricity demand by mode Electricity demand by country/region
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OLDY OTwo/fthree-wheeler OBus OTruck EChina m Europe EUnited States
olIndia @Japan O Other countries
B Global

Meeting climate pledges will require electricity demand for EV to grow 20 times by 2030 compared to 2021.

IEA. CC BY 4.0. Page 5



A wide range of road transport electrification priorities e ff’

Stock share of all vehicles (left) and EVs (right) by vehicle type in selected countries

Vietham
India I
] [T 1
Japan I
Brazil I I
Mexico I
France I
USA I
0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
O Two wheelers B Three- and four-wheelers OPassenger light-duty vehicles = BBuses and minibuses
OLight Commercial Vehicles O Medium trucks EHeavy trucks

Assessing grid impacts is a necessary step for planning the uptake of EV.




EV Charging and grid integration tool

Motivation #1

Assessing the impact of
EV charging on the power
system

Module 1

Simulation of EV charging
behaviour

Output: weekly EV charging
demand profile

Motivation #2

Assessing effect of
measures for mitigating
EV charging impacts

Module 2

Simulation of EV charging
behaviour with managed charging

Output: weekly EV charging
demand profile with managed
charging

lea ¥

Motivation #3

Estimating the COz2
emissions related to EV
charging

Module 3 (API)

Simplified representation of the
electricity mix

Output: calculation of yearly CO2
emissions
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Motivation #1 (Module 1)

Assessing the impact of EV charging on the
power system



Many factors influence the profile of electricity demand by EV Ied

Grid impacts
of EV charging

Enroute

LA

Depot

High

Home Public Roadside

£y ey

Work Destination Battery swap

) ¥

Medium

Low

Total charging demand in kW

1800

1600

1400

1200

1000

800

600

400

200

Power demand profile from EV charging
of 1000 private cars driving (one week)

sl i i o

home charging en-route charging

Grid impacts of charging solutions vary based on EV fleet and electricity system characteristics.

IEA 2022. All rights reserved.
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Example : 1 000 private cars — fleet size and driving pattern

IEA. CC BY 4.0.

How can tool users enter a fleet?

Label
Private LDVs

Vehicle type
LDV

Average battery capacity
46.0 kWh

L]

Energy consumption
0.18 kWh/km

oasss——f

Average weekday driving
30 km per day

L ]

Average weekend driving
20 km per day

-

Behaviour profile

Private driving

Stock
1000

+/-
5 km

+/-
5km

ieag
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Modelling charging behaviour to calculate power demand profile |2@Q &

Weekday Weekend
A = B ﬁ
Charging Charging ‘, =
needs opportunities A ‘
— >

Fleet based model

/L Input Modelling Output

Charging location types o R

@ home * destination B enroute C{%C{:% /;i_c?\ G{%@
a= work A road-side ®& Opportunity o—o s
charging g% \@/ —
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Modelling charging behaviour to calculate power demand profile |2@Q &

Weekday Weekend
A "\ ﬁ
Charging Charging ‘, =
needs opportunities A ‘
— >

Fleet based model

Charging preferences

Input Modelling Output
(_@ =2 r@ ...................
Preferences define with which 22 g — =2 —
opportunities the needs are supplied — \(@ / A—
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Example : 1 000 private cars — charging behaviour

Lok

How can tool users define the charging preference and opportunities?

Availability

Home/Depot *

Charger power
3.5 kW

Weekday availability
90%

Weekend availability
90%

Workplace *

Charger power
3.5 kw

Weekday availability
60%
oasssss———f

Weekend availability
5%
-9

Road-side charging *

Charger power
1 kW

Weekday availability
0%
[

Weekend availability
0%
@

Enroute *

Charger power
50 kw

Weekday availability
0%
]

Weekend availability
0%
o

Destination *

Charger power
11 kw

Weekday availability
50%
oassssss————f)

Weekend availability
50%
L ]

IEA. CC BY 4.0.
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Example : 1 000 private cars — charging behaviour Ied fef’

How can tool users define the charging preference and opportunities?

Qi EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE .
: Home/Depot ° :
E Home/Depot * i Workplace * E Charger pDWEr v . Destination *
Charger power i Charger powerE 3 5 kw E Charger power
3.5 kW Y i 35wt : Y 1 kW v
é ;\Joe;kdayavailability é ;\.g;zkday availabilg weekd H’F avallﬂhlllt? :iy ;Voizkday availability
: : : 90% :
= Weekend availability *  Weekend availabil] :ty Weekend availability
: 00% = o5y . — . 50%
H 9 E [ | E ————
:  Weekend availability :
: 90% :
R N s s aEsEssEEEsEEsEEEEsEsESSEEEEEEsEsEEsEEEEsEEEEEEsEEssd :
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Example : 1 000 private cars — charging behaviour Ied fef’

How can tool users define the charging preference and opportunities?

Preference

Home/Depot * Workplace * Road-side charging * Enroute ’ Destination *
Preference for charging here Preference for charging here Preference for charging here Preference for charging here Preference for charging here
80% ? 15% ? 1% ? 1% ? 3%

9 ol L L 9
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Example : 1 000 private cars — charging behaviour Ied fef’

How can tool users define the charging preference and opportunities?

E Home/Depot * Workplace * & . Destination °
: : f for charging here :
= Preference for charging here = Preference for cE P re e re n CE r rg I g r . Preference for charging here
= 80% e 15% . : 3%
: o | —e i 80% D e
N ssEEEEEEssEEEEEEsEsEEEEEEEEEEd . I .
.
S EEEEEEEEEEEEEEEEEEEEEEsEEEsEEEEsEEEEsEEEsEEEEsEEEEsEEEEsEEEEEEEE .
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Example : 1 000 private cars — charging behaviour

How can tool users define the charging preference and opportunities?

Lok

Typical charging times

Weekday Weekday Weekday Weekday Weekday
Arrival tim~ +/- Arrival tim~ +/- Arrival tim +- Arrival tim +/- Arrival tim- +f-
hd v A4
19:00 1 hours 09:00 1 hours 12:00 12 hours 12:00 12 hours 15:00 2 hours
Typical stay time Typical stay time Typical stay time Typical stay time Typical stay time
12 hours 9 hours 3 hours 15 minutes M 2 hours v
Weekend Weekend Weekend Weekend Weekend
Arrival tim- +/- Arrival time +/- Arrival tim +/- Arrival tim +/- Arrival tim~ +/-
16:00 ~  2hours 09:00 1 hours 12:00 12 hours 12:00 12hours 15:00 2 hours
Typical stay time Typical stay time Typical stay time Typical stay time Typical stay time
Vv v
12 hours 9 hours 4 hours 15 minutes 2 hours
IEA. CC BY 4.0. Page 17



Example : 1 000 private cars — charging behaviour

sWeekday

Arrival tim- +-
A
19:00 1 hours

Typical stay time
12 hours

Weekend

Arrival tim- +/-
16:00 | 2hours

Typical stay time
12 hours

How can tool users define the charging preference and opportunities?

Weekday

Arrival tim-
09:00

Typical stay time
9 hours

Weekend

Arrival time

09:00

Typical stay time
9 hours

Weekday

IEA. CC BY 4.0.

+/-

-
12 hours

+/-

12 hours v

Lok

Weekday

Arrival tim- +-
~ N
15:00 2 hours

Typical stay time
2 hours

Weekend

Arrival tim~ +/-
v v
15:00 2 hours

Typical stay time
2 hours

= Arrival tim~ +- :

. W A fay

:  19:00 1 hours :
+/- E .@Itin"
Thourst  Typical stay time D

. v -

. 12 hours %l stay time

E Jinutes

: Weekend md
o Bt
1 hoursy . \ o

: Arrival tim- +/- :

. A4 S~ . .

:  16:00 2 hours ! stey time

. Einutcs

= Typical stay time

. A\ .

* 12 hours :
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Example : 1 000 private cars eae

Tool output 1: Power demand profile from EV charging over one week

1600
1400
1200
1000

800

600

Totoal charging power in kW

400

" O ANLUAL VAL VAL VAL LA 4

M 00:00 M 12:00 Tu00:00 Tu12:00 WO00:00 W 12:00 Th00:00 Th12:00 FO00:00 F12:00 Sa00:00 Sa12:00 Su00:00 Su 12:00

C

home  es\york destination

If unmanaged, most charging takes place in the early evening, when the non-EV electricity demand peaks.
This can overload grids and require expensive thermal units to cover the additional demand.

IEA. CC BY 4.0. Page 19



Example : 1 000 private cars — lower access to home charging

IEA. CC BY 4.0.

What does happen, if the charging availability change?

Availability

Home/Depot *

Charger power
3.5 kw

Weekday availability
90%

?

Workplace ¢

Charger power
1 kw

Weekday availability
60%

Weekend availability
90%

Home/Depot *

Charger power
3.5 kw

Weekday availability
40%
]

Weekend availability
40%
e——

Weekend availability
5%
-

¥

7

Workplace

Charger power
1 kW

Weekday availability
30%
L]

Weekend availability
0%
L

&

Destination

Charger power
1 kw

Weekday availability
50%

|

Weekend availability
50%

|

2

Destination

Charger power
11 kW

Weekday availability
80%
oasssssss—————f

Weekend availability
80%
———

Lok
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Example : 1 000 private cars —lower access to home charging e E A

Tool output 1: Power demand profile from EV charging over one week

1600

AR I R R

1000

[EnY
N
o
o

800

600
400
200 A
0 = A.J‘_ — Soa *-J _L C — =

Total charging power in kW

A E—

M 00:00 M12:00 Tu00:00 Tu12:00 W 00:00 W12:00 ThO00:00 Th12:00 FO00:00 F12:00 Sa00:00 Sa12:00 Su00:00 Su 12:00

e Ome e \\/OT K destination

. -
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Example : 1 000 private cars —lower access to home charging e E A

Tool output 1: Power demand profile from EV charging over one week

1600

1400

=
N
o
o

1000
800

600

- N NG

M 00:00 M 12:00 Tu00:00 Tul12:00 WO00:00 W12:00 ThO00:00 Th12:00 FO00:00 F12:00 Sa00:00 Sa12:00 Su00:00 Su12:00
home e \\/OT K destination

Total charging power in kW

High reliance on public charging network could create sharp surges in demand.
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Example : 1 000 private cars —increased access to workplace charging |[@Q] €

What does happen, if the charging preferences change?

Preference

Home/Depot ° Workplace °

Preference for charging here Preference for charging here
80% ? 15%
e il

Home/Depot ° Workplace °

Preference for charging here Preference for charging here
50% i 43%

] ]

IEA. CC BY 4.0. Page 23



Example : 1 000 private cars —increased access to workplace charging |[@Q] €

Tool output 1: Power demand profile from EV charging over one week

1600

1400

[EnY
N
o
o

1000

800

600

Total chrging power in kW

400

" ANLAAS NN UAS VAL e\ Al

M 00:00 M12:00 Tu00:00 Tu12:00 WO00:00 W12:00 Th00:00 Th12:00 F 00:00 F12:00 Sa00:00 Sa12:00 Su00:00 Su12:00
home e\ Ork destination

Daytime charging reduces amplitude of evening peak and makes better use of solar energy.
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Example : 1 000 private cars —increased access to workplace charging |[@Q] €

Tool output 1: Power demand profile from EV charging over one week

1600

1400

[EnY
N
o
o

1000

800

600

Total chrging power in kW

400

I R AYAW A YA E VAW VANDY PN

M 00:00 M12:00 Tu00:00 Tu12:00 WO00:00 W12:00 Th00:00 Th12:00 F 00:00 F12:00 Sa00:00 Sa12:00 Su00:00 Su12:00
home e\ Ork destination

Daytime charging reduces amplitude of evening peak and makes better use of solar energy.
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Ex: 1 000 private cars —drivers less proactive in connecting to grid

Lok

What does happen, if 600 (60%) EV-drivers wait for charging until state of charge of battery = 50%?

Preference

Probability of shifting charging to the next day 7
0%

[
Probability of shifting charging to the next day 7
60%

—

IEA. CC BY 4.0.
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Ex: 1 000 private cars —drivers less proactive in connecting to charger | fef’

Tool output 1: Power demand profile from EV charging over one week

1600
1400
1200
1000

800

Total charging power in kW

" ANLUAJ VAT UAJNAL L\ al

M 00:00 M12:00 Tu00:00 Tu12:00 WO00:00 W12:00 Th00:00 Th12:00 F 00:00 F12:00 Sa00:00 Sa12:00 Su00:00 Su12:00
home e \\Ork destination
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Ex: 1 000 private cars — drivers less proactive in connecting to charger |2

Tool output 1: Power demand profile from EV charging over one week

1600
1400
1200
1000

800

Total charging power in kW

ENUAYERAVANERV.VYERAVL SRV A YRV WS

M 00:00 M12:00 Tu00:00 Tu12:00 WO00:00 W12:00 Th00:00 Th12:00 F 00:00 F12:00 Sa00:00 Sa12:00 Su00:00 Su12:00
home e \\Ork destination

Charging events are less intense but longer if drivers tend to charge only when the battery state of charge is low.

IEA. CC BY 4.0. Page 28
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Motivation #2 (Module 2)

Assessing effect of measures for mitigating EV
charging impacts

gggggg



Opportunities of road transport electrification I2d

Medium High

Low

Flexibility opportunity
with managed charging

Home Work Battery swap

s e

Depot

=

Destination Public Roadside

e ey
Enroute

LA

Total charging power in kW

1800
1600
1400
1200
1000
800
600
400
200

0 alNALA WAV b SaARAMGR | At W ATV st \ y

Power demand profile from EV charging
of 1000 private cars driving (one week)

Managed charging effects

——

il

home charging (unmanaged) home charging (managed) en-route

Managed charging unlocks demand flexibility, reduces peak demand and grid congestions,
and accelerates electricity decarbonisation.

IEA 2022. All rights reserved.
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Applying managed charging measures

Is managed charging possible?

Checking flexibility

ieag

Balanced charging

Maximum charging power
Ao S
= g - — unmanaged
i} ] managed
O
Arrival time Departure time

Participation rate
Is the infrastructure adapted? AND

Is the driver willing to participate?
|

Apply
a managed charging measure

Time-of-Use (ToU) tariffs and smart charging (API)

A
__reference
0 profile
o
o
£ 1 d
£ unmanage
(@]
= o~ ] managed
U |-
Arrival time Departure time
» Shift of energy depending on the hourly tariff schedule
reference electricity demand curve

IEA. CC BY 4.0.
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Ex: 1 000 private cars — applying balanced charging

Fleet

Private LDVs

Home/Depot *

Charging strategy participation rate
0%
@

Fleet

Private LDVs

Home/Depot ’

Charging strategy participation rate
70%
aEEsssssss——

How can a managed charging strategy be applied?

ged charging and participation rate

Workplace *
Charging strategy participation rate

0%
[

Workplace *

Charging strategy participation rate
90%

Charging strategy
Unmanaged

Destination *

Charging strategy participation rate

0%
@
Charging strategy
v
Balanced
Destination ’

Charging strategy participation rate
40%
el

Enroute *

Charging strategy participation rate
0%
[

En route *

Charging strategy participation rate
0%
@

Lok

Road-side charging *

Charging strategy participation rate
0%
o

Road-side charging ’

Charging strategy participation rate
0%
o

IEA. CC BY 4.0.
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Ex: 1 000 private cars — applying balanced charging o

Tool output 2: Power demand profile from EV charging over one week with managed charging

1600

R I I W

1000
800

600

S VAV NAV VAV NAV.VASTARAA

M 00:00 M 12:00 TuO00:00 Tul1l2:00 WO00:00 W12:00 ThO00:00 Th12:00 F 00:00 F12:00 Sa00:00 Sal1l2:00 Su00:00 Su12:00
destination e hOme destination

Total charging power in KW

IEA. CC BY 4.0. Page 33



Ex: 1 000 private cars — applying balanced charging Ied ﬁ

Tool output 2: Power demand profile from EV charging over one week with managed charging
1600
1400
1200
1000

800

Total charging power in KW

NAVer GHED e WA S 2 G SV < A

M 00:00 M 12:00 TuO00:00 Tu1l1l2:00 WO00:00 W12:00 ThO00:00 Th12:00 FO00:00 F12:00 Sa00:00 Sa12:00 Su00:00 Su12:00
home e \\/OT K destination

Balanced charging has a significant smoothing effect on demand.
Peak power is reduced, leading to lower impact on electricity supply capacity.

IEA. CC BY 4.0. Page 34
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Key messages
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Key messages [Jo F
* Electrification of road transport is ongoing and will accelerate as it contributes to decarbonisation
and helps reducing dependency to fossil fuels

« Electrification will contribute to the increase in electricity demand but is an opportunity for the
electricity system as the new electricity end-uses have some embedded flexibility

* The power sector can accommodate a wide range of charging solutions but encouraging managed
charging can bring gains in avoided generation costs and emissions, and support faster growth of
renewables

* Flexibility of new electricity-end uses needs to be incentivised from early stages

* Expansion of grids and charging infrastructure supports the update of EVs, but this requires
breaking silos between sectors
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Thank you for your attention.

Thank you to all contributors:
Tool specifications: Luis Lopez, Jacques Warichet
Algorithm developers: Luis Lopez, Juha Koykka, Woan Ho Park,
Andreas Bong
Digital support (web tool and API): Barbara Moure, Jon Custer
Guidance and review: Per-Anders Widell, Julia Guyon, Javier Jorquera,
Shane McDonnagh, Elizabeth Connelly, Brendan Reidenbach, Alejandro
Hernandez, Pablo Hevia-Koch

International
Energy Agency
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Live Demonstration
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Interactive web tool:

EV Charging and Grid Integration
tool

http://www.iea.org/
data-and-statistics/data-tools/
ev-charging-and-grid-integration-tool

qu gef
Report (December 2022)

Grid Integration of Electric Vehicles:
A Manual for Policy Makers
https://www.iea.org/

reports/
grid-integration-of-electric-vehicles



https://www.iea.org/reports/grid-integration-of-electric-vehicles
https://www.iea.org/reports/grid-integration-of-electric-vehicles
https://www.iea.org/reports/grid-integration-of-electric-vehicles
http://www.iea.org/data-and-statistics/data-tools/ev-charging-and-grid-integration-tool
http://www.iea.org/data-and-statistics/data-tools/ev-charging-and-grid-integration-tool
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