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Introduction

** Due to the electric load growth, transmission line expansion (TEP) is
needed to resolve the electricity inadequacy problem by the minimal
associated investment cost.

“* The Ministry of Energy (Thailand) has proposed an implementation of
renewable energy resources in electricity generation with the target of
13,927 MW in the year 2021 (4,494 MW in the year 2014).

< Its intermittent attribute can affect the system operation which results in
TEP especially solar and wind sources.

“» This paper proposes a new methodology of transmission expansion
planning which is robust for all intermittent renewable energy generation
and loads.

< The impact of an intermittent renewable energy source on TEP, especially
in terms of a cost comparison, is taken into account.



Proposed RTEP
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Indicator for selecting significant scenarios for planning
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Simulation results

Table 5 Results of RTEP

Number of  pvyy, PVepr  Total cost Robusi- Calcula-
Method Solution considered  (<10° (x10° (x10° © uﬁ tion time
scenarios  US$) USS) US$) ness (%) (min)
RTEP MIN  ng10=2. it7.g=2. 1hg=2. ng=1. ingo=1. 4 477.95 4985.23 5463.18 74.50 155.79
MAX M7.18=2. Mo-11=1, nyo=1, n15=2. ns10=1,

Ms16=1. Ma16=1. ne.7=2, Ma23=1

RTEP TOAT 1g.10=2. 17.6=3. Myg=1. ny.g=1. ng.o=1, 32 509.28 522479 573406 8748  1068.79
3041, Ng16=1, M161772, o1 =1,
Ma16=1. Mg 7=1. 1295=1, Myo50=1

RTEP PRO-  115.15=2. N7.5=2. p.g=1. ny.g=1. ngo=1. 2 536.96 6696.52 723348 100 67.04

POSED Mo12=1. Mag23=1. 112=2, y0=1,
718~ 1. 32471, 141672, D672,
Me10=1. M1o23=1. 113=1

Table 6 Results of RTEP RE

. PVigy PVapr Total cost  Robust-
Case Solution (x10°US$) (x10°US$) (x10°US$) ness (%)
RTEP PROPOSED-1  ngq0=1. it7.g=1. mg=1. ngo=1. n40=1. n10.11=1. 382.50 8419.50 8802.00 100
M15=2. Ng.10=3. 510~ 1. Msa6=1. mo13=1. i406=1
RTEP PROPOSED-2  11.10=2. 17.5=2. 11y =1 11y.g=1. ng.o=1. n70.1=1. 53696 669652 723348 100

2023~ 1. 11572, nao=1. ni17.18=1, 1324=1. N1416=2.
Ne7=2, Me10=1, Hon3=1, 113=1
RTEP_PROPOSED-S ?.’7_3:2., ”1_5:1 . ?.’20_23:2, }.'2_4:1, ??17_]_3:1., ?’.?16_17:1., 551.53 6030.14 6581.67 100
fy.8=2. M2.13= 1. 1506~ 1, o.1=1. 113071, 136~
i13.14=1, 7114.16=3, 7130=1




Conclusions

» Nonlinear programming based on the interior point method 1s used to solve the
subproblem which 1s formulated by an AC model to obtain a more accurate result.

« The proposed robust optimization approach can guarantee a 100% system
robustness of the expansion planning, among the intermittent renewable energy
generation and loads, while the robustness of the expansion plans of other methods
is less than 100%.

L)

)

* The results show that the installation of a renewable energy source in a system will
increase the cost of the expansion plan compared with the cost arising from
installing a conventional generator.
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