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Background

o Vehicle ownership cost is driven by energy, capital, and driver
costs

o V2G enable bidirectional charging of EVs, reducing energy
cost

o Spot market: buy low, sell high

Balancing market: paid for offered capacity

o Economic potential depends on control strategy, market
conditions, and battery degradation

O



Aim

o The aim of this study is to investigate the potential of Vehicle-to-
Grid (V2G) to reduce operating costs for operators of electric HD
fleets.

o In particular, the study seeks to quantify revenues from the spot
and balancing markets, as well as battery degradation costs.



Problem Statement

Analyzing V2G requires good charging strategy, but....

O
O
O
O
O
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Multi-market V2G (energy trading + capacity services)
Coordinated fleet-level control with fair vehicle prioritization
Fleet can be heterogenous

Real-time decisions under stochastic SoC

Power limits and battery degradation trade-offs

Many disciplines: EVs, electricity markets, and power grid.



Studied applications

Application Battery Daily energy | Charging :
(fleet size) capacity demand window Typical use
e L s Depot

t?:}gki's(g;b“t'on ~300 kWh ~50-70 kWh | Upto12h charging, high
V2G flexibility
Energy-

Construction Near full focused

machines (4) 280-450 kWh battery 14h overnight
charging

Passenger Home

cars (5) ~60 kWh ~5—-9 kWh ~15 h charging, long

parking times
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Approach

Spot markets, balancing markets and grid
infrastructure

1 price data
Weight setter w Power splitter
—_—
Tstares 1 P 1 states

Fleet

o Weight parameter w controls charging vs. power delivery

o Power splitter uses w to distribute total power across vehicles
o Vehicles with higher charging demand are prioritized

o System constraints (e.g. max total power) are respected

o Weight setter is an Al agent using only available signals
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Power split optimization

Nr | Expression

Description

1
Z P, < PCTAX,

Upper-bounded fleet
power

Z P, > —PCI%%, .
L

Lower bounded fleet
power

3 |P; < PCgpy - {S0C; < S0Cyqy}

Charging is omitted if
SoC,,, IS exceeded

4 |P; > PC35h . {SoC; > SoC,pin}

Discharging is possible
only when SoC is above
SOCm,'n

Details omitted
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Animation

ime=2024-01-17T18:10
ime arriv=2024-01-18T10:00
N. que=0

N. charging=4
\. ready=0
ower fleet (kW)=-149
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PC max fleet (kW)=600
PC min fleet (kW)=-4823
PC FCR (kW)=337

500

Act. change (kW)=5.7
Act. through (kW)=116.1

Income DA (Euro/h)=17.9
ncome FCR (Euro/h)=13.1

Cost degr. (Euro/h)=6 425

Cost loss (Euro/h)=2.072



Al based trading

o Fleet-level charging and discharging strategy using reinforcement
learning (RL) + quadratic programming (QP)

o RL sets high-level charging objectives

o QP ensures real-time, feasible power allocation

Weight (-) 20

o | =

T T T
0 200 400
Price (E/MWh)
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Reward function

*The agent goal is to maximize total episode reward

Defined reward promotes high aggregator profit ;7

*Enforces full charging of all vehicles

r= S(naggr) + Trair Hfail} + reerm - UHcf}

Fail condition: A Boolean variable that is true if any vehicle has
SoR > 1, and false otherwise. A value of SoR > 1 means that at
least one vehicle is in serious trouble, meaning the required
power exceeds the maximum available power.
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Example simulation with trained agent

5 100 -
1 - 80
2 < 60
20 3 40
o [=]
2 -1 ® 20
-2+ 0
16:00 19:00 22:00 1:00 4:00 7:00 10:00 16:00 19:00 22:00 1:00 4:00 7:00 10:00
Time Time
< 40 7 [ _-L'-L. 200 o5
E 20 - I %“' 150 4
50 1 | L = 400
S , o O
S 20 50
=401 0 ]
16:00 19:00 22:00 1:00 4:00 7:00 10:00 16:00 19:00 22:00 1:00 4:00 7:00 10:00
Time Time

FOSSIL FREE FREIGHT



Studied charge strategies and
scenarios

The charging strategies considered in this work are:

1. G2V fix: Unidirectional charging with a fixed weight w.

2. G2V dyn: Unidirectional charging with a dynamically adjusted weight w.
3. V2G fix: Bidirectional charging with a fixed weight w.

4. V2G dyn: Bidirectional charging with a dynamically adjusted weight w.

Scenario base dFcr dBatt dFdB
FCR price |0 50 0 50
decrease
(%)
Battery price |0 0 30 30
decrease
(%)
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Results distribution trucks

Profit (Euro/day) = 0 - 28 = -28 Profit (Euro/day) = 48 - 38 =10
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Results construction machines
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Euro/day

Profit (Euro/day) = 45 - 132 = -88
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Results car fleet

Profit (Euro/day) =0 - 12 = -12
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Study on distribution transformer
capacity

What happens if we reduce distribution transformer capacity for
the distribution truck case?

Nominal capacity (400 kW) Restricted capacity (200 kW)
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Conclusions

o V2G enables significant profit increases across all applications

o Heavy vehicles: ~20 € / vehicle / day

o Passenger cars: ~3 €/ vehicle / day

o Profits mainly driven by FCR revenues

o Smart trading (dynamic weights) boosts DA income

o Battery degradation and power tariffs strongly affect profitability

o Degradation costs must be included in control design and cost evaluation



Project publications

Title

Status och referens

Optimal Power Allocation for Fleet-Level Bidirectional
EV Charging with Market Participation

Published at IEEE
konferens,

Combining Quadratic Programming and Reinforcement
Learning for Real World V2G Charge Power Control

Submitted to journal

Fleet-Level Techno-Economic Feasibility of Vehicle-to-
Grid for Road and Off-Road Vehicles

To be submitted
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Future work

o Real world demonstrators using Al and smart control

o Further cost evaluations studies
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Vehlcle to-Grid Artificial Intelligence

~ HD Vehicles
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