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A cogeneration dispatch method based on the Crank-Nicolson dynamic two-port
model
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Abstract: [Objective] In combined heat and power (CHP) heating systems, long-distance pipelines exhibit thermal
inertia, transport delay and heat loss. These characteristics can provide flexibility for CHP dispatch, but they also
increase the difficulty of describing temperature dynamics in optimization models. Steady-state and simplified delay
models are usually unable to accurately represent temperature propagation, while full dynamic difference models
introduce many internal spatial-node variables into online optimization. To improve temperature-propagation
accuracy while controlling dispatch-model complexity, this paper proposes a dynamic two-port heat transfer model
based on the Crank-Nicolson difference scheme. [Methods] The fluid energy conservation equation of the heating
pipeline is discretized by the Crank-Nicolson scheme, which has second-order accuracy in both time and space. A
four-point space-time grid is used to describe heat transport, and the dynamic mapping relationship between inlet
and outlet temperature sequences is derived. By using the linear structure of the discretized equations, an offline
matrix-recursion method is developed to algebraically eliminate intermediate spatial nodes. Thus, the outlet
temperature of each pipeline is expressed as a linear combination of the inlet temperature sequence, the initial
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2 #A% PO
temperature state and the environmental heat-loss term. The full Crank-Nicolson dynamic model is then transformed
into a low-dimensional two-port transmission relationship suitable for electric-thermal coordinated dispatch. The
proposed model is embedded into a CHP dispatch framework considering heat network constraints, node mixing,
heat source and load balance, temperature limits, CHP operating region constraints, conventional unit constraints
and wind power accommodation constraints. [Results] Case studies show that the proposed model produces
temperature responses close to those of the full Crank-Nicolson direct difference model. In the double-pipe heating
system, the average absolute errors of the outlet temperatures of the supply and return pipelines are 0.12 °C and
0.11 °C, respectively, and the online computation time decreases from 0.22 s to 0.012 s. In the multi-branch heating
network, when the spatial step decreases from 20m to Sm, the online computation time of the full Crank-Nicolson
model increases from 1.41 s to 5.31 s, whereas that of the proposed model changes only from 0.055 s to 0.060s.
[Conclusion] The proposed dynamic two-port model retains the temperature propagation characteristics of the full
Crank-Nicolson model while reducing the online optimization scale. After being embedded into CHP dispatch, it
enables heating-network thermal storage and transport delay to release CHP downward regulation capability during
high wind power periods, providing a low-dimensional modeling approach for flexible peak shaving and low-carbon
operation of CHP systems in practical engineering applications.
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HE I K /s
— M BT 0.18
52 Crank-Nicolson B2 43 15 ) 2.68
AL KT Crank-Nicolson [/ =3 [ 0.057

Syt — 2 U 0 2 1) 0 B 20 7 R 5
WA, RS TR, B
VR IR AR 1 2 R B 5 2 Kt A7 i
W, GRILE S

&5 TRZEE KT % B HAM L H R EXI L
Tab.5 Comparison of computation time of the multi-branch
heating network under different spatial steps

. SE¥Z Crank-

- RiPEEs SRRBIEL . T -~
/m : B [ /s i [6]/s
B 8]/s
20 1100 1.41 0.74 0.055
10 2200 2.68 1.46 0.057
5 4400 5.31 2.93 0.060
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Fig.5 Structure of the electric-thermal coordinated dispatch
test system with a CHP unit
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Tab.6 Parameters of conventional thermal power units

B BAHIMW K I/MW acg/(Jt/MW)  ba/Tt
1 100 220 13.5 177
G2 10 100 40 130

% 7 CHP HlAZITA{THSH
Tab.7 Operation feasible region parameters of the CHP unit

% _ _
%{ Bj,chp Pj,chp Pj,cu I‘Ij,chp Cjm Cjv Cjc
% 45 125 10 135 1.167  0.067 0.111
@ . ! L
7 8 CHP HUHBITIASH
Tab.8 Operating cost parameters of the CHP unit
A aap/O bap/(JE Cehp  den/UG eanp/(JE fenp/(UT:

ZH MWH  /MW) G /MWD /MW) /MW?)

HE  0.0032 17.7 181  0.00085 42 0.00125

*9 B-AMEAERRAEESH
Tab.9 Heating pipeline parameters in the electric-thermal
coordinated dispatch case

W

B B 2
REDSS REDSS A/m (m°C)™)

m/(kg's™) Lkm  T/°C
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PR
1 2 0.5 0.25 360 3.5 0
2 3 0.5 0.25 150 1.75 0
3 4 0.5 0.25 100 1.75 0
2 5 0.5 0.25 210 1.75 0
3 6 0.5 0.25 50 0.75 0
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Fig.6 Forecast curves of load demand and wind power on a
typical day
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Fig.7 Comparison of wind power accommodation results
under different heating network models
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Tab.10 Comparison of dispatch results under different
heating network models
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Fig.8 Comparison of CHP heat output and heat-load
absorption power under different heating network models
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Fig.9 Dispatch results of CHP electric power output under
different heating network models
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