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Power Grid in Changing Landscape

Generation
‘ Transmission

e
> @
Good Old Days: <
» Only load is a moving target.
Industrial

» Use generation to follow load.
» Unidirectional power flow
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Power Grid in Changing Landscape

Transmission

Distribution

Challenging New Days:

» Load & some generation are
moving targets !! Industrial
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Residential

» More generation required to
follow both changes.

» Bidirectional power flow
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Power Grid in Changing Landscape P Grid Edge
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» Load & some generation are
moving targets !!
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Power Grid in Changing Landscape P Grid Edge

Duck Curve P Challenges due to increase in distributed solar power

= Dally net load profiles (i.e. native load minus solar power) based on an example a 3 MW
distribution feeder from California 1SO.

Duck Curve
3.0MW ~

(Source: IRENA, “Innovation landscape brief: Utility-scale batteries”, 2019)
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DER : Key Player in Grid Edge Transformation
Distributed Energy Resources (DERS):

(Source: World Economic Forum, "Electric Vehicles for Smarter Cities: The Future of Energy and Mobility", 2018)

DECENTRALIZATION

Makes customers active
elements of the system, though
requires significant coordination

» Distributed Generation
(i.e. solar, wind, biomass, EV)

= Distributed Energy Storage

(le Sma”/Iarge Storage, EV) Critical to long-term carbon

goals and will be a relevant
decentralized energy resource

Key technologies:
energy efficiencies,
decentralized storage,
microgrids, demand
response

» Demand-Side Management

Grid Edge

(i.e. controllable load, demand Key technologies: Transformation

Electric vehicles,

vehicle to grid/home,

Key technologies:
Network technologies (smart
metering, remote control and

reS p O n Se y EV) smart charging, heat
automation systems, smart

B . 0
sensors, optimization and

| | aggregation platforms) and
DIGITALIZATION customer technologies (smart
= appliances and devices,
5 o ° Allows for open, real-time, Internet-of-Things)
automated communication and

Demand side Distributed Distributed
management generation energy storage

operation of the system

(Source: Bob Shively, "Distributed Energy Resources”, 2019)



31 Center of Excellence in Electrical Power Technology (CEPT)

CHULA XNGINEERING

Innovation toward Sustainability | ACTNIW

DER : Key Player in Grid Edge Transformation P Paradigm Shift

Current Epicenter of Energy

Electricity Flow
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4 (Source: Elia, "For a Successful Energy
v v < Transition in a Sustainable World", 2019)

Generation follows consumption

EXTRA
DEMAND
OF EVs

Daily Net Load Profile

MORNING EVENING
PEAK PEAK

(Source: Marco Landi, "Making vehicle-to-grid a reality: V2G Developments in the UK", 2018)

Future Epicenter of Energy
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Demand will follow generation

ENERGY RELEASE
ON EVENING

Daily Net Load Profile
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EV as DER P Harmony of Two Industries

¢ Growing storage capacity through
EVs

¢ Decreasing battery costs

¢ Increasing smart connectivity

Abundance of Storage

(Source: The Mobility House AG, "ELSA - Storage solutions and new services with EV batteries", 2016)

e
) >

Monetization
of Battery

Innovation toward Sustainability | ACTNIW

# Growing grid volatility through
renewables

¢ Decentralized production

# Changing consumption patterns

Need for Storage
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EV as DER P> Vehicle-Grid Integration P Vehicle-to-Grid (V2G)

EVs act as controllable loads, to smooth load profile and reduce load ramp.
EVs can act as distributed storage, providing energy back to the power grid.
EV drivers can earn rewards for providing grid services.

Moreover, it IS not just emission reductions, but also giving resilience under climate change.

V2G Unit

Grid

—7"X

Electric Vehicle

AC/DC
Bi-directional
Inverter

: E High Voltage
' ' Battery
= nn*
- FENENEERESN Illlll*

3 Control Unit
Control Unit

Note: V2G is generally synonymous with Vehicle-Grid Integration (VGI) and Grid-Integrated Vehicle (GIV).

(Source: Cara Clairman et al., "Electric Vehicles as DERs", Distributed Resource Coalition, 2019) 10
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EV as DER P V1G versus V2G

Note: Green boxes indicate the optimized scheduling Energy flow to EV
of energy in combination with battery degradation cost. Energy flow to grid
Smart Charging Vehicle-to-Grid

Degradation > =

Degradation > ==

ENERGY RELEASE
ON EVENING

EXTRA
DEMAND
OF EVs

CHARGE ON
DAYTIME

CHARGE ON
FLATTEMED DAYTIME
CURVE OF

DEMAND

FLATTENED
CURVE OF
DEMAND

MORNING EVENING
PEAK PEAK

Vehicle-to-Grid
(V2G)

Unmanaged EV Charging
(VOG)

Smart EV Charging
(V1G)

(Source: Marco Landi, "Making vehicle-to-grid a reality: V2G Developments in the UK", 2018)
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EV as DER P V2G Could Help to Reduce Global Peak Demand

Potential impact of V2G energy technologies on an increase in future peak
demand from National Grid (UK) - Future Energy Scenarios 2020

25

Net EV demand after smart charging and V2G
20 Unconstrained EV charging demand -
EV demand with smart charging

15
10

5

GW

0
2015 2020 2025 2030 2035 2040 2045 2050

-5
-10

-15

(Source: Department for Business, Energy & Industrial Strategy (UK), "Role of Vehicle-to-X Energy Technologies in a Net Zero Energy System", 2021) 12
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EV as DER P> Vehicle-to-Everything = V2X

V2X:

= V2G = Vehicle-to-Grid
= V2M = Vehicle-to-Microgrid
= V2B = Vehicle-to-Building

» V2H = Vehicle-to-Home

(Source: A.W. Thompson et al., "Vehicle-to-Everything

| V2 L p— Ve h | CI e_to_ Load [ | V2V — Ve h I Cle_to_ve h i Cle (V2X) energy services, value streams, and regulatory

policy implications", Energy Policy, 2020) 13
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EV as DER P> Flexibility Services at Different Grid Levels

( Behind-the-Meter\/ Local \/ System-wide

(Home, Building) (DSO) (TSO / BRP)
Bill Optimization Congestion management Balancing
Self-consumption Voltage regulation Energy arbitrage
Back-up Power Losses minimization

V2B Fault restoration
> .

MV

LV

7"\ o )
. | 7\

V2G | Zi
P l

e | WAN

(Source: F.G. Venegas et. al., "Active integration of electric vehicles into distribution grids: Barriers and frameworks for flexibility services", Renewable and Sustainable Energy Reviews, Vol.145, July 2021)

B

Note: DSO = Distribution System Operator, TSO = Transmission System Operators, BRP = Balance Responsible Party
14
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EV as DER P V1G & V2G Capabilities for Grid Flexibility
7 kW . V1G versus V2G:
SKW At : = Dynamic power range of
= - YT— V2G is twice that of V1G
3 kW — B K Teervicezbid L for a specified charging
- | B B R level
\ 4 | i ancillary
l i services bid
-1 kW ——8
Ff: 5 KW A _i- Reimbursement
- i to vehicle owner
v
-T kW !

Car with charge-only capability Car with vehicle-to-grid capability
(Bi-directional charger)

Vi1G V2G

(Source: Jeffery Greenblatt et al., "Quantifying the Potential of Electric Vehicles to Provide Electric Grid Benefits in the MISO Area", 2019) 15
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EV as DER P> Grid Flexibility at Different EV Control Schemes

Time-of-use pricing without | i _
automated control iizft
charging
f==-] .
| Basic controlled (on/off) —
T w— T Flexibility
¢ ni |rect|2:>\r/1]a6)contro o L5 provided by
CURRENT EV's to the grid
CONCEPTS
OF SMART Bidirectional controlled |
CHARGING (V2G, V2H, V2B)
|NC|.UDE Advanced
. -~ : smart
Dynamic pricing with W _ charging
automated control low Flexibility high

(Source - IRENA, Innovation landscape brief: Electric-vehicle smart charging, 2019) 16
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EV as DER P Examples of Available EV Models for V2L/V2H/VZG

Electric Vehicles with bidirectional charging capability g W[4 Bl List of V26, V2H, V2L compatible electric cars. Source: zecar

'.CTU Center of Excellence in Electrical Power Technology (CEPT)

Days

Vehicle storage

Availability

Nissan
Leaf (ZE1)

Mitsubishi
Outlander

(plug-in)

Ford F-150
Lightning

Hyundai
loniq 5

Kia EV6
BYD Atto 3

MG ZS EV
(2022)

Porsche
Taycan

36-62

13.8

98-130

54-77.4

54-77.4

50.1-60.4

49-68

71-83.7

1.7-3

0.7

4.7-6.2

2.6-3.7

2.6-3.7

2.4-29

2.3-3.2

3.3-3.9

Chademo

Chademo

CCS

CCS

CCS

CCS

CCS

CCS

[]

[]

H B B

[l

TBC

TBC

TBC

TBC

TBC

TBC

TBC

TBC

TBC

TBC

TBC

Note: CCS = Combined Charging System,

Yes

Yes

July 2022
(US)

Yes

Yes

July 2022
(Aus)

July 2022
(UK)

TBC

TBC = To Be Confirmed

17
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V as DER P Examples of Available EV Models for V2L/V2H/V2G
" ——

)

ELECTRIFICATION @ T&DWorld
Duke Energy to Explore How Ford F-150 Lightning
Electric Trucks Can Serve as Grid Resource

Aug. 23,2022
Powerful Ford F-150 Lightning all-electric truck batteries have vehicle-to-grid two-way
charging capabilities.

(Source: https://electrek.co/2022/03/01/ford-launches-bi-directional-home-charging-station-surprisingly-good-price/) 18



@U Center of Excellence in Electrical Power Technology (CEPT) CHULA 2NGINEERING
EV as DER P Aggregator’s Role for Grid Services

Available types, amount, and price
of ancillary services

Electricity demand and capacity required Aggregator/
Ele ctricity g rid and and available for ancillary service
grid operator

V2G operator

Al

Confirmation, charging and B g
..... SOC (current and at arrival),
battery capacity, arrival time

1
]
1
1
1
i
1
1
I
I
1
1
N
I
1
1

—— Electricity flow

-==: |Information flow

Distributed EVs and chargers

(Source: Sai S. Ravi et al., "Utilization of Electric Vehicles for Vehicle-to-Grid Services: Progress and Perspectives”, Energies, 2022)

19



@l Center of Excellence in Electrical Power Technology (CEPT) CHULA XNGINEERING

Innovation toward Sustainability | ACTNIW

Practical Use Cases : Vehicle-Grid Integration (Aggregator Platform)
Grid Flexibility Services Provided by Electric Vehicles (EVs)

Owned and operated by Nuvve
or licensed fo electric operator

AC Implementation

Aggregation
Server
o oo c,e“‘e e Signails from/to TSO and (Source: NUVVE: V2G & Deployments, 2017)
2-way One or 2-way ® <© \A\}\Ne . DSO for service bid/
communication power e 2 request/other energy s
connection ™ managegnent tools Nuvve Distributed Resource Management Software

Distributed energy storage

-l ' connection Eoin’r 1o the ﬁrid

Aggregator
Communicate with
resources
Relay resource
information to
Optimization Engine

B

Requirements
Engine
Receives needs to be

fulfilled, connection

PR

Nuvve

stations
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Practical Use Cases : Vehicle-Grid Integration (Grid Services)
Grid Flexibility Services Provided by Electric Vehicles (EVs) in US, Denmark, UK

V2G Manufacturers:

» BMW (demonstrations)

» Honda (Pre-production
EVs with AC V2G built-in)

» Nissan Europe (selling
Leafs & eNV200s warran-
tied for V2G via DC)

UD “Demand-side Resource” Energinet.dk Primary reserves market, earning Testing 3-phase charging standards
PJM regulation: $1,200 / EV / year €1,600/EV/year at National Renewable Energy Lab, = The Lion Electric (selling
i AC V2G busses)
Examples of GIV Systems in Operation = BYD (40 kW AC V2G de-
J | _= h hnr = = monstration, 28 transit
— buses)

» Bluebird (DC V2G buses,
pre-production)

» Renault (mass produced

N ___ . - — ; AC V2 le vehicl
UK, Commercial GIV Fleets, multiple grid services — installed 2019/2020 ¢ G Capabe © Ce)

(Source: Sara Parkison, "Electric Vehicles as Grid Assets: GIV Technology and Policy Considerations”, Electric Vehicle Grid Integration Policy Summit, 2020) 21
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Practlcal Use Cases : Vehicle-Grid Integration (Frequency Control)

Grid Flexibility Services Provided by Electric Vehicles (EVS) in Denmark

* 10 x Nissan eNV200 electric vans -. |
» 10 x ENEL V2G units (bi-directional 10 kW) i'l ! 8
» Usage hours = Working days from 7 AM to 4 PM

—!Lﬂ--'-Il\ s e T

r.‘ _‘.. . f - - 4 5 _.‘ ) a ;’ !-
50.06 Hz 6 kW W e el |

Battery State-Of-Charge (SOC)
e Plug-in duration

100 |
Discharge (KW) =~ feessr-mmmemmemmeeespmmnnenanans o Energy target

TSR
-' R _@_Energvminimum
: [

" |
12 24
Hour of day (h)

Frequency(Hz)

@ Energy deadline

Energy target and time setting

49.94 Hz :

-6 kw Potential earning with 10kW V2G units
Time (min) = 120 Euro/Month per Vehicle

(Source: P.B. Andersen, "The Parker Project in Denmark - First Results”, 5th International Conference on Electromobility: Challenging Issues, 2017)

22
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Practical Use Cases : V2G Tests at Nissan offices in Barcelona

60 —— — - — —— -~ 0.13
a0 T T
- 0.08
20 Solar —
=
_ Surplus 003 3
.,
2 )
= S
] =
: | I | 5
< | 5
-0.02
=
(1]
| a
Energy Arbitrage | - .0.07
-40 ‘ MI ‘ |
-60 -0.12
-l mM O - M O - m O = m O = m O = M =Ff O = N =T O = M = O =
A~ AN AT O OO ANMIOMOBAOINO O AN OmNT OO =~
-l =l N -l -l = ~N - -l -l = N -l = N -l =l ~N -l
B Solar V2G 1 V2G 2 W 2nd Batt Load MGrid Tie Parking time ——Energy price

(Source: Cristina Corchero et al., "Optimal energy management system for V2G chargers combined with PV and ESS in a real environment”, 2019) 23
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Food for Thought P Energy Independence and Resilience

Energy Fact Source: zecar
Average household consumption 21.5kWh
Tesla Powerwall 2 13.5kWh
Nissan Leaf e+ 62.0kWh
Annual degradation analysis
Distance Energy Degradation The price per
additional kWh
ivi 13,260 k 2,130 kWh 0.3%
briving <a T between a
Energy storage 3,524 kWh 0.6% ‘'standard range’
and ‘extended
Degradation comparison after 8-years range’ of the
Battery SoH capacity loss (kWh) Range loss (km) car models is
- $300 per kWh
Driving & 97.9% 1.5 9.6 approximately.
V2H 93.4% 3.3 20.5

v" The economic cost of degradation is approximately $1,000. With V2H expected to save an additional $5,000
over the 8-year ownership period (in reduced electricity bills), the economic case for V2H here is strong.
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Food for Thought P Vehicle-Grid Integration Barriers

T @ Smart Charging Building not

c o Behind the Meter exposed to ]

O 0 Optimization price signal V2G @ W&leCk, UK
"6 g Smart Charging TSO market Source: https://transportandenergy.com/
QO—= TSO System unsuitable V2G charge points can
59 Services ag;:::a‘;‘;m for V2X improve the battery life of
- Smart Charging e DSO market EVs, project finds TRANSPORT
c - | capability @9 +ENERGY
: DSO System not (9June 8, 2022 & AlecPeachey @ 902 Views Uning e two s5c107

Services developed

Vehicle-to-grid (V2G) can
balance the calendar and

Low levels cycling aging (both of which
of

Building not
exposed to

price signal affect the rate of battery

degradation) to optimise
the battery condition and
improve its health by

8.6 - 12.3% over one-year's
operation, compared to
conventional charging alone
- equivalent to one extra
year of use.

customer
awareness

TSO market
unsuitable
for V2X

Grid Code
lacks
provision
for V2X

Lack of

Lack of aggregation
capability

DSO
market not

hardware
capable of

V2X developed

Bi-directional
UseCases
|

The EV-elocity Project, funded by Innovate UK

Barriers

(Source: Cristina Corchero et al., "V2X Roadmap", IREC, 2019) 25



CU Center of Excellence in Electrical Power Technology (CEPT) CHULA )NGlNEER|NG

vation toward Sustainability | ACTNIW

Conclusmns
= EVs fit well into all the three categories of DERS: generator, storage, demand mgmt.

= More EVs mean more microgrid/nanogrid capabilities. B Reliability & Resilience

= EVs can provide all-in-one flexibility to power grids. B Local & Global benefits

= Full utilization of V2G required effective regulatory & financial incentives to facilitate:
» Grid codes / Grid services / Aggregator platforms
» Bi-directional chargers: on-board / off-board

» Time-of-Use (ToU) / Electrical outlet with 10T metering at office parking lots

= Understanding of EVSs’ battery life (battery degradation) affected by V2G services is
also another important factor for extensive consumers’ adoption.

26
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Thank You Very Much for Your Attention !!

€) /cucept.training [J @cucept.training

http://www.cept.eng.chula.ac.th
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