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Low-carbon Economic Dispatch of Power System Considering Source-load Uncertainties
and Users Response Behavior
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ABSTRACT: Power system is an important field to achieve
the goal of carbon neutrality in the future. With the
aggravation of source and load uncertainties, the low-carbon
economic dispatching method based on the deterministic
model cannot accurately describe the impact of uncertain
factors on carbon emissions. In view of the above problems,
firstly, a low-carbon robust optimization model considering
uncertainty is constructed at the level of power system, in
which, the uncertainties of source and load is modeled using
the probability model, and the significance level of the target
meeting the expectation is described by chance constraint.
The robust dispatching scheme under the risk aversion
strategy can be obtained by maximizing the confidence level
of the uncertainty. Then, an event-driven low-carbon
response model is constructed at the level of power users.
According to the calculation results of the level of power
system, the excess carbon emission event is defined by
setting the carbon emission threshold, and the low-carbon
power consumption behavior of users is guided in the form
of price. Finally, through the case analysis, the results show
that the proposed model can effectively quantify the
uncertainty level of the low-carbon economic dispatching
results, give full play to the carbon reduction ability of the
user side, and realize the coordination of the carbon

reduction goals of both sides of the source and load.

KEY WORDS: robust optimization; low-carbon economic

dispatch; event driven; demand response
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Fig. 5 Dispatching results of deterministic model
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Fig. 6 Influence of carbon trading price on dispatching

results
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Fig. 7 Dispatching results of risk-averse strategy
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The increased uncertainties at both sides of the
source and load have a huge impact on the operating
state of the power system, and also increase the risk of
balancing carbon emissions and carbon sinks on the path
of carbon neutralization.

In order to deal with the uncertainties and realize
the low-carbon operation of the power system, this paper
constructs a low-carbon robust optimization model
considering the uncertainty of day-ahead time scale, and
a low-carbon response model based on the event driven
mechanism of intraday time scale.

A

considering uncertainty is established in the day-ahead

system level robust optimization model
stage, which is modeled using a novel confidence gap
decision (CGD) theory. The model uses confidence
intervals to constrain uncertain variables to improve the
robustness of the optimization results. The uncertainty

interval based on confidence level is shown in Fig. 1.

Fig. 1 Uncertainty interval under asymmetric probability
distribution

Then a low carbon response model for users based
on event driven mechanism is proposed. The carbon
emission optimization results of the system level are
introduced into the user level as the input of the event
trigger criteria. If the criteria are met, the low carbon
energy consumption behavior of users will be guided at
a higher price. Carbon emission excess event is defined
as: the event is triggered when the carbon emission
exceeds a certain threshold. The driving criteria of the
event are as follow.

(M

EP,t 2 Ethreshold

where Ejoq 1S the carbon emission threshold of the
triggered event.

Considering the uncertainty of wind power,
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photovoltaic and load forecasting, the significance level
of the objective function is set to vary between 0.05 and
0.25. The results shown in the following table can be
obtained by solving the CGD model based on the
results of the deterministic model.

Tab.1 The optimal solutions under different f
p Total cost/10*¥ Carbon emissions/t l-a
0.05 1229.1 14870.9 0.9595
0.15 1230.7 15275.8 0.8665
0.25 1233.1 16239.4 0.7677

It can be seen from the results that the model
proposed in this paper effectively quantifies the
uncertainty that the objective cost meets the expected
When the
uncertainty value is higher, that is, the confidence level

cost under different confidence levels.

of the uncertainty variables are higher, the carbon
reduction benefit brought by the source and load
uncertainty is more significant, and the system carbon
emissions are lower.

The following figure shows the assessment results
of the impact of split ratio and event trigger threshold
on the carbon emissions of the system. It can be
concluded that selecting an appropriate event trigger
threshold and electricity price pull ratio range can
reduce carbon emissions.

Fig.2 Carbon emissions under different scenarios



