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Optimal Power Flow Considering User-side Carbon Emission Allowances

Based on Carbon Flow Theory
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ABSTRACT: Since carbon emission allowances will be a
limited public resource under the carbon peak and carbon
neutrality targets, this paper focuses on the user-side to carry
out the research of carbon reduction. Considering the
differences in the development and resource statuses between
regions, this paper applies the carbon flow theory based on the
proportional sharing to measure the user-side carbon emissions.
A non-convex mixed-integer nonlinear optimal power flow
model based on the carbon flow theory and the user-side
carbon emission allowances is established, where the power
flow direction problem of the user-side carbon emission
constraints is solved. Then, a particle swarm algorithm based
on a power flow calculation update is used to solve the model.
A case study illustrates that, introducing carbon allowances on
the user-side can not only meet the user's carbon emission
demand for electricity, bult also take into account the fairness
principle of the emission reduction responsibility of the power
sector in the dispatching. The proposed algorithm has a
significant advantage in computational speed compared to the
exact solution in the small-scale cases. In the large-scale cases,
the proposed algorithm has a significant advantage in
convergence compared with the common nonlinear
programming solver. The problems of convergence and
parameter tuning in the traditional particle swarm algorithm are
solved.

KEY WORDS: carbon flow theory; carbon emission allowance
constraints; optimal power flow; particle swarm algorithm;
non-convex mixed-integer nonlinear model
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non-convex mixed-integer nonlinear model

Carbon emission allowances will be a limited
public resource under the carbon peak and carbon
neutrality targets. Current research on carbon reduction
in power system dispatch focuses on imposing a total
carbon emission constraint at the source side or
considering carbon cost in the objective function,
considering demand response at the user side, etc.

In this paper, a non-convex mixed-integer nonlinear
optimal power flow (OPF) model based on carbon flow
theory and user-side carbon emission allowances is
established, where the power flow direction problem of
user-side carbon emission constraints is solved. Then, a
particle swarm algorithm based on a power flow
calculation update is used to solve the model.

Basing on carbon flow theory, the formula for
calculating the user-side carbon emission intensity ey is as
follows:

igﬁ Pi + Ps x€ .
& SCECS 1)

iex”
Where, x* is the set of branches flowing into node x; P; is
the active power of branch i; p; is the carbon emission
intensity of branch i; Pgyx is the active power of the
generator at node x; ey is the carbon emission intensity of
the generator at node Xx.

It can be noted that x™ does not include the branches
that flow out of node x. When it is used as a constraint, the
flow direction of the branch power cannot be judged until
the OPF result is obtained. To solve the flow direction
problem, this paper introduces the 0-1 variable a;;. Thus,
(1) can be rewritten as (2):

,fo)ixpiaix + _%:(_ijpj(axj _1)+ PG,x 'eG,x
ie je

€ = 2
Z I:)ixaix + Z ij (axj _1) + PG,X
iex* jex™

where, X+ and X- are the sets of branched paths for which
the inflow node x is specified as the positive direction and
the outflow node is specified as the positive direction,

S1

respectively.

Table 1 compares the variability of the conventional
OPF with the OPF considering carbon emission
allowances. Where ng, n, and n; are the number of
generators, nodes, and branches, respectively.

Table 1 Comparison of optimal power flow models

Number of ~ Number  Number of Types of
continuous  of integer  non-linear mathematical
variables variables  constraints planning
i Non-convex
conventional .
ng*2 0 np*3 nonlinear
OPF .
programming
OPF
. Non-convex
considering . .
mixed-integer
carbon ng*2 n*2 Np*3+n, .
o nonlinear
emission i
programming
allowances

For mixed integer nonlinear programming problems,
solving the corresponding nonlinear programming
problems after relaxing the integer variables usually only
yields locally optimal solutions. There are relatively few
studies on carbon emission allowance constraints, so there
is a lack of targeted convex optimization treatment.
Therefore, this paper adopts a particle swarm algorithm
based on power flow calculation update.

A case study illustrates that introducing carbon
allowances on the user-side can meet the user's carbon
emission demand for electricity, and take into account
the fairness principle of emission reduction
responsibility of the power sector in the dispatching,
which plays a significant role in implementing the
emission reduction responsibility under the carbon peak
and carbon neutrality targets. The proposed algorithm
has a significant advantage in computational speed
compared to the exact solution in small-scale cases. In
large-scale cases, the proposed algorithm has a
significant advantage in convergence compared with the
common nonlinear programming solver. The problems of
convergence and parameter tuning in the traditional
particle swarm algorithm are solved.



