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Participation of Distributed Residential Batteries in Energy Markets

Context:
• Climate change requires to pursue the deployment of renewable energy production.

• The removal of Feed-In-Tariffs reduces the economic viability of renewable energy sources.

Key Proposition:
• To increase economic viability of residential renewable energy sources (RES) and batteries, we propose to use these assets for a multi-purpose: self-

consumption and participation in wholesale energy markets.

• We provide a framework and a control algorithm to allow residential batteries and RES to participate in wholesale energy markets and to increase end-users

self-consumption.

Key Challenges Addressed:
• Optimal algorithm to control residential batteries.

• Business model for residential batteries.
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Aggregated Demand & Production

Battery control optimization for the 
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Phase 1: forecast & optimization of aggregated fleet

Determine Optimal net Export of the 

aggregated fleet & bid on the market

Phase 2: Market Bidding
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Agreed contractual export commitment

Generate updated optimal schedule for the 

aggregated battery fleet

Communication to the entire fleet of timeseries:

- Optimal schedule (SoC)

- Required net exports

- Operation modes

Update charging mode and aggregated fleet 

net export

Phase 3: Real-Time Distributed Control

Generate and solve Model Predictive Control 

Optimization problem

Follow real time control decision from MPC 

and communicate achieved energy export 

Smart Contract
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Framework proposed

Framework for the control of distributed residential batteries

contributing to the wholesale market.

$

Residential & Aggregator Assets Aggregator Wholesale Market

Communication with Smart Contract 

Bidding

Contracting

Smart Contract

Use case architecture

Use case representation: an aggregator manages distributed assets such as residential PV

or batteries, but also wind farms and a solar PV farms. The aggregator can sell extra

energy to the wholesale markets
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Forecasts of day ahead’s market price 

& Aggregated Demand & Production
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Compute optimal Export and sell it to 

the market ( recommendations)

Day ahead operations: Aggregated 

Real Time operations: Individual
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Each Battery Management System 

computes optimal local real time 

operation

Coordination of distributed batteries 

through a Smart Contract 

(Blockchain) to meet export 

commitments

Aggregated Demand Forecast
Aggregated Batteries State of Charge
Export Forecast
Real Export

Aggregated Production Forecast
Wholesale Market price

Individual real time Demand
Individual real time Production

Individual Batteries State of Charge
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Example of operation steps and results

1. All distributed assets are considered as a single one

2. Optimisation of this virtual asset control

3. Real-time operation maximise

self-consumption and differ from

one house to another

4. Realised exports meet the export commitments

0

2000

4000

6000

1. No Battery,

no micro-generation

2. Households with

Batteries,

roof-top micro-generation,

no market export

3. Power Plant only,

with batteries

& PV-Wind

4. Households with

batteries, micro-

generation, market export

& Proposed Algorithm

£
/m

o
n
th

Sum of Households bills Revenues from Market Sum of revenues for the community

$
$

Experimental results: validation of business model and control algorithm

An experiment was conducted on real

consumption and production data to assess

the benefits from the proposed framework

and algorithm. 4 scenarios were compared:

1. A community without any generation

assets: the community pays an expensive

electricity bill

2. A community with households having

their own generation assets, but without any

export to the energy market

3. No community, but a virtual power plant

with generation assets, with revenues from

the energy market only

4. Our proposed framework: a community

with distributed assets for self-consumption

and export to the energy market. It provides

the greatest value to the community.
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