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Motivation
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• Electrical grids are evolving from centrally managed critical infrastructure

to distributedly managed Smart Grids.

• Also the consumer within a power grid is evolving to so-called prosumers:

• Problem: More uncertainty is added into the power grid.

To handle this, the interaction between independent rational actors needs to be studied.

• Approach: This falls within the domain of Game Theory (GT).

Consumer Prosumer
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The Game
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• We propose a game G to analyze the interactions between prosumers and an electricity market M.

• Prosumers: set of rational agents A.

• Electricity Market: provide price per kWh for buying and selling electricity.

• In every time interval t the market sends the price to all 

agents within the game.



5

The Game

May 30 to June 03, 2021 Alexander WALLIS, Sascha HAUKE, Konstantin ZIEGLER

• We propose a game G to analyze the interactions between prosumers and an electricity market M.

• Prosumers: set of rational agents A.

• Electricity Market: provide price per kWh for buying and selling electricity.

• In every time interval t the market sends the price to all 

agents within the game.

• Possible market structures: Time-Of-Use, Demand-Offer

and Hybrid.
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Prosumers as Rational Agents
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• In our game, prosumers are represented as rational agents.

• We categorize the agents based on available production, consumption and storage capacities:
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• In our game, prosumers are represented as rational agents.

• We categorize the agents based on available production, consumption and storage capacities:

Consumption
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• In our game, prosumers are represented as rational agents.

• We categorize the agents based on available production, consumption and storage capacities:

Consumption

Production
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Prosumers as Rational Agents
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• In our game, prosumers are represented as rational agents.

• We categorize the agents based on available production, consumption and storage capacities:

Consumption

Production

Storage

• Production units can be, e.g., photovoltaic, wind turbine, diesel generator.

• Storage units can be, e.g., batteries or electric vehicles.

Alexander WALLIS, Sascha HAUKE, Konstantin ZIEGLER
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Prosumers as Rational Agents
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• Based on the available properties, agents are able to perform different actions per time step:

However, not every action is allowed. 
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Prosumers as Rational Agents
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• Based on the available properties, agents are able to perform different actions per time step:

However, not every action is allowed. Some constraints need to be defined!
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Game Constraints
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• At every time step an agents‘ consumption ℓ𝐶,𝑡
𝑎

needs to be covered:

Either by production ℓ𝑃,𝑡
𝑎

, storage ℓ𝑆,𝑡
𝑎

or power grid ℓ𝑀,𝑡
𝑎

.

• Furthermore, the storage and production units have some bounderies:

• We define power flow to the agent as negativ values, e.g., produced electricity by PV panel.

ℓ𝐶,𝑡
𝑎
= ℓ𝑃,𝑡

𝑎
+ ℓ𝑆,𝑡

𝑎
+ ℓ𝑀,𝑡

𝑎
.

−𝑃𝑚𝑎𝑥
𝑎

≤ ℓ𝑃,𝑡
𝑎
≤ 0

0 ≤ 𝑆𝑂𝐶𝑡
𝑎
≤ 𝑆𝑂𝐶𝑚𝑎𝑥

𝑎

ℓ𝑑𝑖𝑠𝑐ℎ𝑎𝑟𝑔𝑒,𝑡
𝑎

≤ ℓ𝑆,𝑡
𝑎
≤ ℓ𝑐ℎ𝑎𝑟𝑔𝑒,𝑡

𝑎
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Strategies and Utility
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• Every day an agent choose a storage control strategy σ from a given strategy space S.

• We define two simple strategies with different behaviour.

1. Spillover: Priorities the storage. Overproduced electricity is used to charge the storage.

If storage discharge is available, it is used to cover the household consumption.  

2. PriceDepending: Priorities the market price. If the price for buying electricity is below a given

threshold, always consume from the power grid. Or feed-in if the selling price is above the threshold.
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• Every day an agent choose a storage control strategy σ from a given strategy space S.

• We define two simple strategies with different behaviour.

1. Spillover: Priorities the storage. Overproduced electricity is used to charge the storage. 

If storage discharge is available, it is used to cover the household consumption.  

2. PriceDepending: Priorities the market price. If the price for buying electricity is below a given

threshold, always consume from the power grid. Or feed-in if the selling price is above the threshold.

• How can we evaluate the different strategies? 

We define an utility function based on the total amount of money payed or earned 𝑐𝑡 by an agent:

An rational agent tries to maximize this utility.

𝜋𝜎
𝑎
=

𝑡

𝑇

ℓ𝑀,𝑡
(𝑎)

× 𝑐𝑡.
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Nash Equilibrium for our Game
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• Nash Equilibrium: No agent can increase their utility by unilateral strategy change.

• We define the optimal strategies for all agents when the game reaches its Nash Equilibrium.

• To find this equilibrium state, an iterative approach is used:
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Price of not knowing the Future
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• Based on the previous determined optimal strategy, we calculate the Price of not knowing the Future.

• This is the utility difference between optimal strategy and another strategy – an almost optimal one.

Other strategy selection methods: Yesterday‘s best, Steady (always the same), No Battery Usage.
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Price of not knowing the Future
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• Based on the previous determined optimal strategy, we calculate the Price of not knowing the Future.

• This is the utility difference between optimal strategy and another strategy – an almost optimal one.

Other strategy selection methods: Yesterday‘s best, Steady (always the same), No Battery Usage.

• Results of our game with three agents for the different market types over a whole week MON-SUN:
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Conclusion & Future Work
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• A game of prosumers represented as rational agents is defined.

• These agents are classified based on their properties that lead to certain actions.

• Two basic strategies with different utilization goals are given.

• An optimal strategy for an agent within this game is determined by calculating the Nash Equilibrium.

• Three other strategy selection methods are presented.

The utility difference is defined as the Price of not knowing the Future.

• Future Work:

• Further developments and improvements for optimization process.

• Definition and implementation of broader strategy space.

• Simulation different game settings with more agents and/or whole real-world grid structures.

• Long-term analyses in terms of grid stabilization and reliability.
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Thank you very much!
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Consumer


