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[ 1] =2 A2 F2 d&vE 3 W

T8 A ]
L set of lines
B set of bus
Sets TR set of transformers
T set of time
S set of storage
A index for calculated variables
m, n index of bus
t index of time stage
P active power
Index Q reactive power
C cost
Nout discharging efficiency
Nin charging efficiency
SOC state of charge
bn susceptance of line mn
Parameter Imn conductance of line mn
Tmn resistance of line mn
PL active power flow
QL reactive power flow
i G generation
Variable
D demand
Vn voltage magnitude at bus m
0. voltage angle at bus m
izlt*ieagbelz ) ESS charging integer (0,1)
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QLpn = — bnV2 — BynVenVin €050 — 0,) — GmnVmVn sin(@,, — 6,,),vmn € L (2.3)
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FHshd (2.4), 2.5 dH=z 4T 5 A
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0. = Oguck + 00,,, VM €B (2.5)
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A% SR W MR F7hdols ESS 8% T

(3319 #=

[¥ 3] A2 54 4 ESS §F 4 714
& NREL @& e e A | e HE &
Line 2=l 25kV class circuit line 106.77 0.350
° = | extension, new construction USD/ft M.USD/km
RSS = A Front—of—the—meter 1,660 1.660
° = Storage USD/kWh | M.USD/MWh
18 .__:Ix_-c: 'q.l.- ] ii ".l.i



A3 F AR TS T8 +8E HI AT

A 1A g Aeel s 23
W =50 A AlE o 2= CIGRE[10] A Reference® 38§ 3k

MV Age ARttt #d A S 193 2

HV transmission network 220 kV @
l [
é 220120kV 220720 kVé

1 l 12
' — —*w“— ——————— ar— T F
l Feeder 1 2.8k
- [ |
| 20kw T_3 30kW
| | Feeder 2 I
' 44km 3 | I |
| 4.9km
I 0.6 km | 1.3km 5 [ - |
: 4l 10 KW : l X |
' 3 [ |
, Sk | I
| 0.6km 0.5km T 30km |
11 -
| 0.3 km b3 km [ i |
W ] 40kW 5K
| s0kw ('El‘“ 30 kW [| s1 20km |
: T g&—l 1.7km | | |
| M 10 0.8 kmF 7 | |
5 9
| b Vol gy =
Oa
1500 kW
| 1.5 km % 30kW  02km 6 | (0) Transformer
| - 200kW | w— Bus
|l Y7 —

[Z23 3] AlEHIH ATE
B 4 Slack 17) 28 1584

Hel7]: 110kV/20kV 25MVA ¥H<et7] 2t



Ase] Az 9

obe) Es} 2

3k,

ol gelate] ARgsE3Ith. o HAolM SMP= A5 AlF 2

[¥ 4] A EFoIA ASE A2 IR

AR A

& A gsto] Wt

uhdekS CIGRE AEe ARE

No. | From Bus To Bus Length (km) Type
1 1 2 2.28 CABLE
2 2 3 4.42 CABLE
3 3 4 0.61 CABLE
4 4 5 0.56 CABLE
5 5) 6 1.54 CABLE
6 7 8 1.67 CABLE
7 8 9 0.32 CABLE
8 9 10 0.77 CABLE
9 10 11 0.33 CABLE
10 3 8 1.30 CABLE
11 12 13 4.89 OHL
12 13 14 2.99 OHL
13 6 7 0.24 CABLE
14 11 4 0.49 CABLE
15 14 8 2.00 OHL

[ 5] AEHH AT A% A
Capacitance | Resistance Inductance | Max thermal
of the line of the line of the line current
Unit Nano Farad Ohm Ohm kilo
per km per km per km Ampere
CABLE | 151.1749 0.501 0.716 0.145
OHL 10.0967 0.510 0.366 0.195
20 1.5



[¥ 6] AEHIA AT F3 A1

No. | Bus | Sn_mva | Cos_phi Q—mode Type
1 1 15.300 0.98 inductive Residential
2 3 0.285 0.97 inductive Residential
3 4 0.445 0.97 inductive Residential
4 5 0.750 0.97 inductive Residential
5 6 0.565 0.97 inductive Residential
6 8 0.605 0.97 inductive Residential
7 10 0.490 0.97 inductive Residential
8 11 0.340 0.97 inductive Residential
9 12 15.300 0.98 inductive Residential
10 14 0.215 0.97 inductive Residential
11 1 5.100 0.95 inductive | Commercial
12 3 0.265 0.85 inductive | Commercial
13 7 0.090 0.85 inductive | Commercial
14 9 0.675 0.85 inductive | Commercial
15 10 0.080 0.85 inductive | Commercial
16 12 5.280 0.95 inductive | Commercial
17 13 0.040 0.85 inductive | Commercial
18 14 0.390 0.85 inductive | Commercial
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1 3 0.020 0 0.020 Photovoltaic
2 4 0.020 0 0.020 Photovoltaic
3 5 0.030 0 0.030 Photovoltaic
4 6 0.030 0 0.030 Photovoltaic
5 8 0.030 0 0.030 Photovoltaic
6 9 0.030 0 0.030 Photovoltaic
7 10 0.040 0 0.040 Photovoltaic
8 11 0.100 0 0.010 Photovoltaic
9 7 1.500 0 1.500 Wind Turbine
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Abstract
Economic analysis of ESS

for increasing hosting capacity

Hyungwoo Yeo
Electrical and Computer Engineering

The Graduate School

Seoul National University

In the future, the penetration of renewable energy has been
increased in power system. Unlike conventional power system,
renewable energy is difficult to control and it has uncertainty output.
Considering these situations, the grid code and acceptable capacity
called hosting capacity for renewable energy are individually
specified.

It is essential to calculate the hosting capacity without adversely
affecting the quality or reliability of power system. In this paper, it
was proposed to calculate the hosting capacity considering the
expansion of the transmission line and the installation of ESS. The
cost and hosting capacity are calculated considering expansion of
lines and installation of ESS. The hosting capacity and installation
cost has been simulated for various cases, and proposed an
economical answer to achieve hosting capacity.

Through installation of ESS, the increased hosting capacity and
installation cost were calculated. It was verified that the increase of
hosting capacity through ESS is more economical than the existing
expansion of lines. The maximum hosting capacity though ESS is also

calculated. Therefore, it was confirmed that the installation of ESS is
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more economical than the extension of the line in the early stage
when the required hosting capacity is low. However, after certain
hosting capacity, it was verified that higher hosting capacity could be

achieved with extension of line and the installation of ESS together.

Keywords : Hosting capacity, expansion of line, ESS, economic
analysis

Student Number : 2019—-26219
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