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In this research, a system dynamics approach has been employed to model and simulate the
structural dynamics of capacity development for power transmission, specifically focusing on
substations operating at 400, 230, 232, and 66-63 kilovolts. The model takes into account the
exogenous factors of electricity demand and supply. This study reviews previous domestic and
international research, providing a suitable framework for analyzing investment policies in the
transmission industry. The diagram of subsystems incorporates variables such as inflation,
electricity demand, and electricity supply in an exogenous manner. In the causal loop diagram,
key variables including existing transmission capacity, equipment depreciation, equipment
age, maintenance costs, transmission network losses, and transformer failure probability are
considered, with both direct and indirect relationships among them modeled accordingly. After
establishing the stock and flow diagram model, mathematical relationships between the model
variables were incorporated. Various conventional validation methods for system dynamics
models were utilized to ascertain the model's credibility, including boundary tests, structural
evaluation tests, and behavioral reproduction tests. The results from the behavioral
reproduction test indicated that the model accurately simulated the past 40 years of
transmission capacity with over 90% accuracy. Upon validating the model, three scenarios
were simulated within this domain. The outcomes reveal that in the second scenario, where
electricity demand is optimistically projected to increase due to savings or other changes over
a 20-year horizon, the annual construction of transmission capacity calculated by the model
results in the smallest gap between required and actual capacity. Conversely, in the third
scenario, where both electricity demand increases and annual capacity construction continues
based on a previous five-year average, the largest discrepancy between required and actual
transmission capacity is expected by the year 2041. The numerical results from these three
scenarios concerning the construction of transmission capacity by substation type are presented
in this paper.
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Salimian et al. (2021) [31]
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accordance with the forecasts of

Transmission capacity expansion is
endogenously simulated by the model based on
the extent of capacity shortfalls

Scenario 3 historical trend

Electricity demand follows the

Transmission capacity is expanded according to
the average development rate observed over the
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Year Construction of Construction of Construction of Construction of 66-
400KV 230KV 132KV 63KV
2017 1,910 1,575 1,386 3,338
2018 4,670 3,676 3,027 3,050
2019 6,245 2,814 949 2,462
2020 4,050 4,060 910 1,899
2021 1,145 1,723 1,223 2,556
Average of 5 years 3,604 2,770 1,499 2,661
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400 KV construction 230 KV construction 132 KV construction 63-66 KV construction

1 2 3 1 2 3 1 2 3 1 2 3
2022 | 4065 | 4065 3604 5328 | 5328 | 2770 | 2146 2146 | 1499 | 4625 4625 | 2661
2023 | 3608 | 3245 3604 4729 | 4253 | 2770 | 1905 1713 | 1499 | 4105 3692 | 2661
2024 | 3566 | 2591 3604 4674 | 3396 | 2770 | 1883 1368 | 1499 | 4057 | 2948 | 2661
2025 | 3740 | 2317 3604 4902 | 3037 | 2770 | 1975 1223 | 1499 | 4255 2636 | 2661
2026 | 3952 | 2318 3604 5180 | 3038 | 2770 | 2086 1224 | 1499 | 4496 | 2637 | 2661
2027 | 4117 | 2421 3604 5397 | 3174 | 2770 | 2174 1278 | 1499 | 4684 | 2755 | 2661
2028 | 4228 | 2514 3604 5543 | 3295 | 2770 | 2233 1327 | 1499 | 4811 2860 | 2661
2029 | 4310 | 2559 3604 5649 | 3355 | 2770 | 2275 1351 | 1499 | 4903 2912 | 2661
2030 | 4385 | 2568 3604 5748 | 3366 | 2770 | 2315 1356 | 1499 | 4989 | 2922 | 2661
2031 | 4466 | 2561 3604 5854 | 3357 | 2770 | 2358 1352 | 1499 | 5081 2914 | 2661
2032 | 4554 | 2553 3604 5969 | 3347 | 2770 | 2404 1348 | 1499 | 5181 2905 | 2661
2033 | 4647 | 2553 3604 6092 | 3346 | 2770 | 2454 1348 | 1499 | 5287 | 2905 | 2661
2034 | 4742 | 2558 3604 6216 | 3353 | 2770 | 2504 1351 | 1499 | 5396 | 2911 | 2661
2035 | 4835 | 2564 3604 6338 | 3361 | 2770 | 2553 1354 | 1499 | 5501 2917 | 2661
2036 | 4923 | 2566 3604 6454 | 3364 | 2770 | 2600 1355 | 1499 | 5602 | 2919 | 2661
2037 | 5010 | 2567 3604 6568 | 3364 | 2770 | 2645 1355 | 1499 | 5701 2920 | 2661
2038 | 5098 | 2568 3604 6683 | 3366 | 2770 | 2692 1356 | 1499 | 5801 2921 | 2661
2039 | 5187 | 2569 3604 6799 | 3367 | 2770 | 2739 1356 | 1499 | 5902 | 2922 | 2661
2040 | 5277 | 2571 3604 6917 | 3370 | 2770 | 2786 1357 | 1499 | 6004 | 2925 | 2661
2041 | 5367 | 2573 3604 7036 | 3373 | 2770 | 2834 1358 | 1499 | 6107 | 2927 | 2661

Year
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Scenario 1 Scenario 2 Scenario 3
Variable" 2021 (In 2041) (In 2041) (In 2041)
Value | /Change® | Value | /Change* | Value | /Change®
Total transmission Capcity 295,642 | 674,299 128% 531,720 80% 528,881 79%
400 KV 80,203 168,037 110% 132,183 65% 150,569 88%
230 KV 94,318 | 222,047 135% 175,048 86% 160,064 70%
132 KV 38,360 91,368 138% 72,437 89% 74,067 93%
63-66 KV 82,761 192,847 133% 152,053 84% 144,181 74%
Average life of transmission 14.6 212 45% 24.7 69% 24.6 168%
network (year)
required capacity and the 24,125 | B7l091 12% 12,708 | -47% | 176,854 | 633%
created capacity difference
* The unit for variables is MVA (MegaVolt-Ampere), and the percentage change with respect to the year 2021 is calculated in the
scenarios.
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