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1. Aims 111. Network Topology V. Simulation Results

* To study the influence of Demand Response (DR) Lﬁ:;elr?esrit)o\;;noAiZ;O; tI}\IIeSI\\IVE}ZIreEZ]} VIC, Area 4: QLD *  In scenarios 1-4, NPS 5 and PPS 5 were replaced

on balancing, loadability and voltage stability of . ¢\ with two wind farms with capacities of 900 MW

future grids with increasing wind penetration. | ) and 2330 MW, respectively. We used NSA and
* Inspired by the NEM e || qas SESA wind data in 2020, respectively.

) aP5 4 / NSV @m_ . .
Proposed for small-signal stability @mg « * In scenarios 5-7, TPS 5 was also replaced with a

I1. Introduction and Existing Studies

Introduction *  Generator models include AVR and PSSW fj; ! wind farm with 700 MW capacity. ADE wind data
, , , G, 8 in 2020 (100% wind scenario for SA) was used.
*  High penetration of diverse Renewable Energy (RE) It 1s modeled and modified in DIgSILENT * * .

f« e PV penetration for low, medium and high DR are

systems and storage in power systems iy . .
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| * Governors added to generator models & COI?Sldeljed 20%, 3 OA’, and 40% 1n ,2020 for
residential and commercial loads, respectively.
e AGC 5 // ! P y
i
e Nonlinear load models % e Scenario 1: Conventional loads
e ULTC transformers mg_[ e - . Scenario 2: Low-DR __ High penetration of wind in
* ﬂ’% F® Scenario 3: Medium-DR SA
T el j . M:éﬁ Scenario 4: High-DR — <
T * Scenario 5: Low-DR ?
- e /A Scenario 6: Medium-D ]
m% %’“ Scenario 7: High-DR ¥
J'HH | I \ i li + - ‘ Load, I;r:i;iddﬁi;umtur .
Evolution of power systems: , o DIgSILENT Programming —
' 100 per cent wind penetration 1n ‘ Language {DPL) Lt i
od  |New =) [P A R
Conventional generation High penetration of diverse 1L -
1
RE and storage ' Hydro
: T s T aRea) , MNo ' = '
Generation follows load- Load/storage follows r * L@Jr@ Balancing and voltage -
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Existing Studies » = s
Simplified 14-generator, 50 Hz system.
e Zero Carbon Australia proposal for 2020 [1]. : C o
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Solar s_ites are shown as yellow i.!:ﬂnz. Wind s_.ites are shown as blue _icﬂns. 4 u
HVAC links are shown as green lines. HVDC links are shown as red lines o Conventlonal mOdels are 1nvahda‘[ed ln presence Of
PV, DR, etc. However, we still want to be able to 35! Without DR power system is unbalance
represent demand 1n an aggregated manner for R
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e P o DR model inspired by the smart home concept [7]. g 8 g8 88: oe 8080°9,8g®°
. Pl o= o °
>y it o WS -L.Jnﬁreach ° 1. min max E' o0 8 o ° ovo
i ’ L : -;'f 2 NI Grid: Pgrld <F (n) < grid < 2.5¢ °© °° 008
Cannanvon™ [ 3 M t d
meged PV: 0 < Ppy(n) < PRI~ E \ o e
R S . : -I ‘ g0 L_g anthorpe ]
GE'E’M“—"‘T,ﬁf | g{i'a[g-,ﬁ'gr'“e e Sllveri; ._.--__%:!tlc—:[rte: £i Household: 0 < PL (Tl) < Pzn ax 21 Just with High-DR o Scenario 1
.,__.:fll. I‘_‘_EF A Ceduna —[ ‘ -F’urt ﬂ-ugusta ki ..T'u. I3 Battery: Bgcli‘ie S Pb (n) < Bﬁg’g’e power system is stable O Scenario 2
Bunbury il T Streaky Efﬁ*fon;ala WWliliuray 1 Grange min ° Scenario 3
Albany! 1. Port Lincoln= N\ ,J,""':D Saud BSOC(l) = BSOC L.Sr o Scenarlo 4
Cape |=‘|I|‘a { S iy - . . | | l ! !
por oy AP H'ha : Bsoc(n) = Bsoc(n —1) + Pp(n—1),n>1 1465 4470 4475 4480 4485 4490 4495
Mt Gellibrand ':?%'-'ﬁ*; B;?gén < B oc(n) < B;’ggx Time (Hour)

-Google . Average Min Max
Balancing equation: Scenario | Unbalanced | loadability | loadability | loadability
 To rely 100% on RE in the NEM is technologically P,(n) = P,(n) — Ppy(n) + BessPp(n) @ cases (%) | (MW) (MW) (MW)
feasible. Winter peak load can be met through Objective Function:
delaying CSPs dispatch and/or demand reduction [2]. oo N : : t=0 1 15.62 25136.04  14885.68 35610.07
yme p [] minimize Zi:l Celectricity (1). Pg (i) +
e  High penetration of RE results in electricity price Weather Forecast Data —{ Generation | _ 2 12.27 26894.73  15340.47  35664.11
increases over decades due to grid upgrades and the Generators Offers —#] Pradiction 3 11.43 2724876 1548475 36378.33
carbon price {3 RN ' 4 10.34 27612.04  15666.18  36670.31
* With hlgh penetration of wind in SA (1200 MW), St.n::-::g,;r:ﬂnrlel \ Predicted Electricity Price ——{ Aggregator 5 40.99 7259381 1424057 35186.74
system voltage stability margin reduced and voltage — P e iﬂmm- 6 170 26202 47  14984.09 35753.99
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collapse occurred in Adelaide due to high penetration N JI DR -
of WF and under high demand [4] ) Tr 7 34.31 26603.09  15661.94 36478.53
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* DR likely to decrease the required storage for
” }m“ﬂ . balancing.
. Y DR " modeled n MATLAB and market * DR can mmprove balancing, loadability and
5 simulations are modeled in PLEXOS e
S S voltage stability of the system.
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Em- | | . * More scenarios and DR strategies will be
g \ DR for scenarios 1-4 of the Simulation Results evaluated for longer time horizons.
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. There are some similar studies on PJM, California and
Europe power systems.
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Transmission system 1s mostly ignored and copper
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