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Background
Reduce carbon dioxide emissions → mitigate global climate change

However...
• Carbon emissions are produced by fossil fuel power plants, but it is the

consumers that create the electricity demand.
• Energy storage (ES) has a near-zero net energy consumption, but it can help

reduce system emissions by shifting green energy.

Conventionally…
• Carbon responsibilities are allocated among electric demands by the carbon

emission flow (CEF) method.
• CEF may change if virtual buses are added; CEF only depends on the inflows but

not outflows, which weakens its ability to encourage ESs to shift green energy.

Hence, a new emission allocation method is needed.



Emission Allocation Based on Aumann-Shapley prices

Power plants take responsibility for half of the emissions. 
The other half is allocated to the ESs and loads.

ℰ 𝐷 =
1

2


𝑖∈𝑆𝐺

𝜅Ψ𝑖𝑝𝑖
∗(𝐷)𝜏

Regard total emission ℰ as a function of demand vector 𝐷
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Proposed Algorithm

Every bus has an emission price:
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ℰ 𝐷 = 𝐾𝑇𝑥 with 𝑥 optimal in the linear OPF:

min
𝑥≥0
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s.t. 𝐴𝑥 = 𝐺𝐷 + 𝐻

Idea: Along the segment from 0 to 𝐷∗, use the
optimal basis to calculate 𝜕ℰ/𝜕𝐷𝑖 and the range
of 𝐷 where this basis remains optimal.

Multi-parametric LP



Real-Time ES Bidding

In the proposed energy market with emission allocation,
ESs make profits by shifting energy and making use of
the fluctuating combined electricity and emission prices.
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Lyapunov optimization
Minimize drift + one period cost
Feasibility & performance guarantees

Operation strategy: 𝑝𝑠𝑡 = ℎ(𝜆𝑠𝑡 + 𝜓𝑠𝑡 , 𝑒𝑠𝑡)
Power Price

Bidding cost curve: 𝑓𝑠𝑡(𝑝𝑠𝑡) ≜ 0
𝑝𝑠𝑡 𝜆𝑠𝑡𝑑𝑝𝑠𝑡

Then the market clearing result coincides with the operation strategy.

SoC

Future uncertainties are unknown



Simulations – vs Conventional Allocation Methods

Proposed

CEF

The proposed algorithm is faster and more
accurate than numerical estimation methods.

Emission price

The proposed method can measure the
impacts of ESs on system emission and then
better encourage ESs to help reduce the
emissions than the CEF method.

Negative emission



Simulations – Impacts of ESs

ESs participation reduces the total cost,
emission, and renewable curtailment.
The proposed method decreases the total
emissions by 43%.

The proposed real-time ES operation
strategy achieves 71% of the offline
revenue rate, which is much higher than
the traditional Lyapunov optimization-
based real-time method.



Thank you!

Email: yuechen@mae.cuhk.edu.hk
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