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Forecasts

• Weather

• Local power generation

• Energy demand

• EV availability

• EV state of charge 
boundaries

Goal: Consider battery degradation costs in operational optimization of V2G

Optimal scheduling
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Renewable energy resources will dominate electricity generation soon. Half of photovoltaic 
systems are planned to be connected within the distribution grid. With heat pumps and electric 
vehicles, additional consumers are added to the distribution grid, which is not designed for large 
generators and consumers.

Measurement 
values

Setpoints

Short-term scheduling

Constraints
• Operating limits of 

the controlled 
components

• User requirements 
and comfort 
boundaries

Objective
• Minimal energy 

costs
• Minimal battery 

degradation costs
• Minimal grid 

charges 

Case Study Peak Shaving

District model

Buildings

Local power generation

Battery storage

EV charging stations

Operational Optimization

Operational optimization of charging and discharging of EVs can be used for cost minimization and services for the distribution grid. 

Goals Federal Government 
Germany until 20301-3

15 mio.
Electric 
vehicles

6 mio.
Heat pumps

215 GW
PV systems

Smart control of local electricity consumption and feed-in into the grid can help distribute energy 
efficiently and cheaply. This avoids both overloading the distribution grid and high losses.
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• 3 typical load days
• 4 person family 

household
• 2 kWp PV system 
• charging station for 

Nissan Leaf 
(62 kWh)

MILP models with variation in objective function and constraints:
Reference: Not V2G-enabled, 

not degradation-aware
Not degradation-aware: V2G-enabled, 

not degradation-aware
Degradation-aware: V2G-enabled, 

degradation-aware

Both V2G-enabled models increase the amount of energy taken from
the electrical grid. However, they can achieve lower total energy costs
by reducing grid charge based on daily peak power. 
Degradation-aware model leads to operation in lower states of charge 
compared to the other models.

V2G services make use of available EV energy storage capacity. However, these services contribute 
to degradation possibly leading to a shorter battery life which is a drawback for EV owners.

Objective Mixed-Inter Linear Program
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Day-Ahead scheduling

Not degradation-aware and Degradation 
aware MILP achieve a decrease of the 
demand peak

Optimize
operation

Degradation-awareness can reduce the 
modeled degradation

State of charge Day 2
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Min. 
SoC 
90 %
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