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ABSTRACT: The accurate and real-time carbon metering, as
the driving force behind the ‘double carbon” strategy, provides
a quantitative basis for the carbon emission reduction, carbon
markets and carbon trading. A carbon metering system depends
on the robust carbon metering theories. However, the
traditional calculation methods of carbon emission flow are
insufficient to address the needs of the local carbon metering at
the carbon emission sources. In response to the foregoing, this
paper proposes an iterative calculation of carbon emission flow
in the power system. Firstly, a mathematical model of the
iterative method based on the adjacency characteristics of the
buses is developed. The stability of convergence and the
computability of the convergence times are then demonstrated
based on the characteristics of the power grid flow.
Furthermore, the practicality of utilizing the carbon meter
devices to measure the carbon emission flow locally is

analyzed, the synergy of the carbon meter devices in the source,

network and load sides is investigated, and the applicability of
the carbon meter devices in generalized bus scenarios is
broadened. Finally, simulation examples of a 4-bus system and
the IEEE 14-bus system are used to validate the high efficiency
and accuracy of the proposed iterative method. The method
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proposed in this research provides a theoretical foundation for
the hardware implementation of the distributed carbon meter
system.
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carbon emission flow; carbon meter device; iterative method
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Fig. 2 Diagram of carbon meter device in power system
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Table 1 Iterative calculation process of nodal carbon
intensities in 4-bus system with 2 units

1 B HE R T/ (kgCO2/ (KW-h))

WS 6@ g® 6, @ 6, ,®
1 0 08310 0.8310 0.8310 0.8310 0.8310
2 0 01430 02673 0.2673 0.2673  0.2673
3 0 0 05109 0.5687 0.5687  0.5687
4 0 0 0.6220  0.7505 0.7650  0.7650
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Fig. 7 Topology of IEEE 14-bus system
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Table 2 Iterative calculation process of nodal carbon intensities in IEEE 14-bus system
5 SBRHEE F/(kgCO,/(KW-h))
T R AL FE RSV
e, e,® e,® e, e e,® e,® e, e,® en
1 0 0.875 0.875 0.875 0.875 0.875 0.875 0.875 0.875 0.875
2 0 0.178 0.7563 0.7563 0.7563 0.7563 0.7563 0.7563 0.7563 0.7563
3 0 0 0.0623 0.2659 0.2736 0.2751 0.2751 0.2751 0.2751 0.2751
4 0 0 0.0877 0.677 0.7928 0.7928 0.7928 0.7928 0.7928 0.7928
5 0 0 0.6 0.8282 0.8282 0.8282 0.8282 0.8282 0.8282 0.8282
6 0 0.2248 0.2248 0.5654 0.6949 0.6949 0.6949 0.6949 0.6949 0.6949
7 0 0 0 0.0336 0.2594 0.3037 0.3037 0.3037 0.3037 0.3037
8 0 0 0 0 0 0 0 0 0 0
9 0 0 0 0.0227 0.2002 0.3975 0.4304 0.4304 0.4304 0.4304
10 0 0 0 0.0982 0.111 0.3597 0.5274 0.5459 0.5459 0.5459
11 0 0 0.2248 0.2248 0.5654 0.6949 0.6949 0.6949 0.6949 0.6949
12 0 0 0.2248 0.2248 0.5654 0.6949 0.6949 0.6949 0.6949 0.6949
13 0 0 0.206 0.2248 0.5369 0.6841 0.6949 0.6949 0.6949 0.6949
14 0 0 0 0.0791 0.1003 0.3295 0.5075 0.5319 0.5319 0.5319
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As an important energy sector, the power industry
emits nearly half of the total carbon emissions in China.
The accurate and real-time carbon metering provides a
quantitative basis for the carbon emission reduction,
carbon markets and carbon trading. A carbon metering
system depends on the robust carbon metering theories.
However, the traditional calculation methods of carbon
emission flow are insufficient to address the needs of the
local carbon metering at the carbon emission sources.

This paper proposes an iterative calculation of
carbon emission flow in a power system. Each bus in the
power system locally calculates its own carbon emission
factor after a finite number of iterations based on the
carbon emission factor and the injected power flow from
the upstream bus.

The component form of the iterative equation for
the nodal carbon emission factor is given as follows:
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where en(k+1) denotes the carbon emission factor of bus
n calculated in the k+1th round of iteration.

Only one linear equation operation and the storage of
the previous and thecurrent intermediate data is needed
to be calculated for each bus during one round of the
iteration, which enables the local carbon emission flow
calculation using a flexible carbon meter. Furthermore,
the parallel computing significantly improves the
efficiency of the carbon emission flow calculation.

S1

In the power system, the carbon emission flow
generates from the power plant, follows the power flow
through the grid, flows to the load, and ultimately
results in carbon emissions due to the electricity
consumption of the customers. To clarify the transfer
and apportionment of responsibility for the carbon
emissions from the source to the export, it is important
to measure carbon not only at the source and load side,
but also at the network side over the distance.

As is shown in Figure 1, depending on the
calculation method and the communication network,
the carbon meters can be divided into the source-side
carbon meters, the grid-side carbon meters and the

load-side carbon meters.

®o— T
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“! source-side meter

‘1 grid-side meter ‘' load-side meter

Fig. 1 Diagram of deployment of carbon meter on the
source-, grid- and load-side in power system

The source-, grid- and load-side carbon meters are all
based on the local electricity metering and the
interaction of carbon information between the carbon
meters of each link to collaboratively calculate the local
carbon emission factors, thus enabling the calculation
of carbon emission flow with the temporal and spatial
differences across the entire power system.

In the case study, a 4-bus system with 2 units and
an IEEE 14-bus system are used. By comparing and
analyzing the results of carbon metering, the accuracy
and effectiveness of the iterative method are verified,
which means that the calculation of carbon emission
flow in the power system can be calculated locally
rather than in a central system.



