


A goal without a plan Is just a wish.

Antoine de Saint-Exupéry
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Agenda

* What is transmission planning?
* Planning process
« Examples
o 1 - Master Generation and Transmission planning

o 2 - Planning for new interconnectors to import
electricity

o 3 - Planning REZ infrastructure
o 4 - Co-optimising generation and transmission
* PowerFactory tools

 Results visualisation

Transmission Planning with PowerFactory

£ Hammer
=\ (;abllr st
) dandoaprt
Wﬁl 2

5 X ontemar

:i’crv}

& My

@




Transmission growth —

Eastern Australia

AEMQO’s 2022 Integrated System Plan (ISP), shows we need more than
10,000 km of new transmission lines and 9 times the large-scale
renewable generation we currently have within the next 20 years.
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Transmission growth —the world

Evolution of global electricity demand by region (left) and regional shares (right), 1990-2025
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Asia will account for half the world’s electricity consumption by 2025. Image: IEA.
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What is transmission planning?

The transmission plan is usually in response to scenarios that have been developed in terms of:
« Demand forecasts
* Generation plans

« Strategic directions

The transmission plan must consider the possible future outcomes in the scenarios
« Try to develop plans that:

o Meet the more likely scenarios (rather than the extremes)

o Can be changed if other scenarios become more likely

o Can be adapted if totally new issues emerge

o Are consistent with strategy

Transmission Planning with PowerFactory



Scenario planning process SILEN
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International practice for transmission planning ?_D'LEN‘

Objective is to provide a power system that can be operated securely and reliably for forecast loads
Transmission investment can be ‘lumpy’
« Big increments in capacity

» High costs per project

Type of planning depends on power system

Low growth — careful, considered probabilistic planning

High growth — criteria driven (eg N-1)

Markets — require careful cost-benefit analysis to demonstrate best project

Statutory — government controlled with priority to deliver reliable supply

Transmission Planning with PowerFactory



Deterministic planning — quicker

Based on simple criteria:

* N-1 the power system must be capable of losing any item of plant
« N-2 for critical loads like city centres, ports, government areas

« Voltage criterion — margins

« Supply reliability criteria — expected unserved energy
Deterministic planning is faster but less precise

* For high load growth, timing is potentially biggest risk

* Routinely used in many power systems for decades

Transmission Planning with PowerFactory




Deterministic planning - Probability of exceedance — ?_D'LE‘N
demand scenarios

Demand is typically weather sensitive

o Temperature is most significant factor

« Power system can be stressed during extreme weather

« We typically accommodate this by testing 10% and 50% .
loads Some risk
. . here
o 10% load has a probability of being exceeded one MW
year in ten (extreme)
o 50% load is average — so it can be exceeded one
year in two (mild)
| i i
« Demands <10% may not be covered 90% 50% 10%

Probability of exceedance (PoE)
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Probabilistic planning — lots of analysis

Used where:

* Risk of stranding is higher — low growth, uncertainty

« Transmission costs are recovered from consumers

« Regulated transmission owners are operating in markets

« Good for scenario-based planning

« Comparing alternatives, including generation and non-transmission options
The benefits of investing in a project must exceed its cost

* Over a given period (usually >10 years)

« For a defined scenario (or set of weighted scenarios)

« Typically an economic test is applied (In AU — the regulatory investment test — transmission and distribution RIT-T and
RIT-D)

11 Transmission Planning with PowerFactory



Probability planning — PowerFactory Reliability

Analysis toolbox

B8.1184
0.4213
B9.8551
B8.08461
a.0000
9.0000
a.0000
0.0000

19.2239
68.4145
8.9539
7.4920
a.0000
a.0000
a.0000
a.0000

| Contribution to | sAIFI SAIDI ASIFI ASIDI ENS

| | 1/ca h/ca 1/a h/a MWh/a

| === = o o
| Summary Grid | @.289717 1.431682 8.435179 1.547016 268.8807

| == = o oo
| Lines | ©.e99813 0.074426 0.226647 8.143108 24.7489

| cables | ©.182865 9.421846 8.201768 8.450371 76.73094

| Transformers | ©.ooo000 a. a. 0.793493 1.2271

| Terminals | e.ee7039 0.141487 0.006764 0.160043 11.4420

| Generators | o.c00000 0.000000 @.000000 . 000000 0.0000

| Common Mode Failures | ©.000000 a. a. 0.600000 0.0000

| Double-Earth Faults | ©.000000 0.000000 @.000000 @.000000 0.0000

| Switching Failures | ©.000000 a. a. 0.600000 0.0000

I

| Contributions of Component Classes to System Indices (percentage values):

I
|~
| Contribution to | SAIFI SAIDI ASIFI ASIDI ENS

| | % % % % #

| === = o
| Lines | 3a4.as52 5.198 52.081 9.2506 9.2044

| cables | 63.119 29.465 46.364 29.1123 28.5403

| Transformers | @.000 a.000 a.000 51.2919 @.4564

| Terminals | 2.430 9.883 1.554 10.3453 4.2554

| Generators | a.000 a.000 a.000 @.0000 @.0000

| Common Mode Failures | @.000 a.000 a.000 0.0000 @.0000

| Double-Earth Faults | ©.000 0.000 0.0608 0.0000 0.6000

| Switching Failures | @.000 a.000 a.000 0.0000 @.0000

O [13/09/2023 2:11:29 PM,173] DPL Command 'Contributions Report' successfully executed
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[ Reports - Contributions = a X
~ & -3 Contributions % -+
Project: Transmission Metwork @ |'_"<j;I html r_'axlsx
Study Case: 04 Reliability Assessment
Minimum Contr. 0.000000 % of cC_ENS O
Mame In Folder Contribution to ENS  C_ENS C_EMS
o < [MWh/a] -~ [%] ~ [%]
3 — ND_1327 () suB_1 0.014229  0.003282 |
4 — ND_1328 () suB_1 0321437 0.118546 |
5 — ND_1329 () suB_1 1284847 0477887 l
6 — ND_1330 () suUB_1 1211203 0.450461 l
7 — ND_133 () suB_1 0701945 0.261062 |
8 B TRF2 ) SUB_1 0334601  0.124442 |
9 B TRF3 () sUB_1 0195612 0.072750 |
P10 T LN_0109 B sue_o1 0.018287  0.006301 |
11 T LN_0110 B sue_o1 0.000191  0.000071 |
12 T LN_D111 SUB_01 0.000538  0.000200 |
13 T LN_01M2 SUB_01 0.000174  0.000065 |
14 T LN_0113 SUB_01 0.050406 0018747 |
15 ™ LN_0114 SUB_01 0.083557  0.031076 |
Ln 10 1868 Line(s) of 1868 1 Line(s) selected



Deterministic planning - General approach

Develop overall strategy Dynamic simulation
« Synchronisation to different regions Optional
* REZ connection points * Optimal power flow

Develop forecast for generation and load * Transfer capacity analysis

* Load growth

. . . “ > |~ 3 Pl | & = =8 e T 22 Lld B E B2 = = 4
« Generation committed and required 9 Rl :@FL ®.f@'x® m% LA 2Baaa . DH0EE
. B0 QU lmx vk R R RuasbyTe )IS"E'JQ:
* Retirements
Develop scenarios and prepare power system roner s
T
model AN
Load flow and contingency simulation AR oot
Steady state stability analysis (PV and QV serecoio R “\,; | | S
Cu rVeS) ) L—r /’l Generation Adequacy Analysis )
. d\,\"""o\?{(.-/-. &/Gxﬁ’ /, Additonal Functions _(
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Example 1 — Master Generation and Transmission %ﬂ
planning
Driver

« Significant electrical demand growth forecast for the next 2+ decades.

* Need to develop transmission and generation to meet demand growth and support the developing economy

Study approach
* Develop economic model and forecast demand and generation needs
* Develop transmission planning criteria
» Develop strategy for meeting supply / demand forecasts (e.g. major transmission links)
« Test proposed transmission system options against planning criteria (load flow and contingency analysis)
«  Recommend augmentations where required
« Test system stability (RMS and small signal) - approximate

 Determine overall cost of infrastructure

14 Transmission Planning with PowerFactory
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Example 1 — Master Generation and Transmission
planning — Electricity market modelling

Economic models developed to assess underlying
demand growth (usually Prophet or Plexos models)

Consider various factors such as primary resource
potential (e.g. hydro), reliability impacts, CO2
emissions and requirements for ancillary services

Least cost generation and transmission plans
developed to meet projected demand

Outputs are generally time series data

Economic model used as basis for transmission
system planning

Transmission Planning with PowerFactory
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Generation stack during the period of peak net demand in 2037 under VRE Plus
scenario, without and with additional storage capacity of 11.8 GW

No additional flexibility With additional storage
= 80000
=
60 000
40 000 3 P v
20 000 L ] X v w. b
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EA. CC BY 4.0

Generation stack during the period of minimum net demand in 2037 under the VRE
Plus scenario, without and with additional storage capacity of 11.8 GW

Nao additional flexibility With additional storage

E 80 000
60 000
40000 |
20000 hett

-20 000
-40 000
-60 000

01Jan 02Jan 03Jan 04 Jan 01Jan 02Jan 03 Jan 04 Jan

Bioenergy Coal — (Gas

Hydro Ol . Storage

Solar s Wind mmmm Unserved energy
mssE Curtailment Total load - - -~ Net load
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Example 1 — Master Generation and Transmission planning —
Study cases and parameter characteristics

Project Overview

@ X |~ & > 0GEOGRAPHIC x |+

~ Study Cases

« Study case used to capture study case time

* Usually several study cases capturing times for
different scenarios (e.g. peak demand, low demand,
wet season, dry season etc.)

« Parameter characteristics with a time trigger can
used to capture load and generation dispatch

16 Transmission Planning with PowerFactory
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SILEN
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Map data © OpensuFF}M“qg,QFn}ributors

G Qéllvesn -hkHFR R HESTE -~

- - | = = I N A L
¥ General Load - 1 FAR WEST\MIDLAND 1\MIDLAND 1_115 k\\lod_1068_1.ElmLod X
Basic Data General | Advanced
oK
Description
Input Mode Default |- ;
Cancel
Load Fl
cacew Balanced/Unbalanced Balanced - 3
Short-Circuit VDE/IEC Fi -
Operating Point Actual Values =
Short-Circuit Complete
Active Power 0.69 MW 0.69 MW Jump to ..
Reactive Power 0.195 Whvar 0.195 Mvar ‘E
Voltage %, Edit
- Simulation RMS Scal Facte
caling Fac g Characteristic Acti... Unit Usage Trigger Acti Current Val
Simulation EMT 8 Adjusted by Cha™
Power Quality/Harmonics 1 Load Profile Grid 1 FAR WEST @ Hours relative 100. p.u.
~
Voltage Profile Optimisation
Reliability
QOptimal Power Flow
Unit Commitrnent
~
State Estimation
Diagram: Load Profile Grid 1 FAR WEST
080
080
0.00! 2198, 56
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Example 1 — Master Generation and Transmission
planning — Study cases and operation scenarios

« Alternative approach to previous slide

« Study case used to capture active operation ——
scenario

 Usually have several study cases for different
scenarios (e.g. peak demand, low demand, wet
season, dry season etc.)

» Operation scenarios can be used to capture load and
generation dispatch

« Often use a combination of operation scenarios and
parameter characteristics

Transmission Planning with PowerFactory
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2o Dry season peak demand
53 Dry season low demand
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Example 1 — Master Generation and Transmission
planning — Load flow and Contingency analysis

jorst loading violations = O *

m Reports - Contingency

“ €& - Contingency Analysis Report: Worst loading violations % Contingency Analysis Report: Worst voltage violations (Max. voltage) ¥ Contingency Analysis Report: Worst voltage violations (Min. voltage) x  +

Study Case: 01 Base Case @ L'a html L'axlsx
Result File: Contingency Analysis AC
Loading Limit: 20,0 [%] & Overloading Limit: 100 [%] &
Component Branch, Substation Loading Loading Loading Contingency Contingency Base Case and Continuous Loading
or Site Continuous  Short-Term Basze Case Mu... Mame [0% - 122 %]
' v IR IR t v v
[ [» 1 Tinedo79. 41571 1223 1223 0.1 497 5 Ine 40794157 2 ]
2 T Ine_4079_4157.2 1223 1223 0.1 496 5 Ine_4079. 41571 ]
3 7 Ine_4068 4103_1 1202 1202 351 348 {5+ Ine_4003_4040_1 ]
4 T Ine_4109_4156_1 1195 1195 55.1 459 5 Ine_4055.4109.1 ]
5 1 Ine_6312_6320_1 1187 1187 0.1 1619 5+ Ine_6312_6320_2 D
6 ™1 Ine 6312 63202 1187 1187 0.1 1618 {5+ Ine_6312_6320_1 D
7 T Ine_3015_3121_1 1156 1156 347 285 5 Ine_3047.3129.1 ]
8 T Ine_4139_4144 1 1138 1138 46.8 452 5 Ine_4051.4127.1 ]
9 T Ine_3022_3033_1 1125 1125 319 334 15" Ine_3115_3116_1 ]
10 ™1 Ine_4042_4107_1 117 117 622 442 5 Ine_4042_4107 2 ]
11 ™1 Ine_4042 41072 117 117 622 441 5 Ine_4042 41071 ]
12 ™1 Ine_2016_2069_1 1115 1115 259 96 15+ Ine_2003_2047_1 ]
13 8 tf_7161_7292.1 © HOUSTON 5 1111 1111 86.1 1965 {5+ Ine_7161_7292.2 ]
14 ™ Ine_5006_5289_1 1110 1110 67.8 596 {5+ Ine_5006_5289_2 ]
15 ™1 Ine_5006_5289_2 1110 1110 67.8 595 {5+ Ine_5006_5289_1 ]
16 ™1 Ine_4129_4176_1 110.4 110.4 450 576 {5+ Ine_4175_4176_1 D
17 ™1 Ine_6168_6261_1 1103 1103 529 1422 5+ Ine_6114_6204_1 D
18 ™1 Ine_7174_7231_1 1100 1100 626 1973 6+ Ine_T174.7231 2 D .
19 ™ Ine_7174 72312 1100 1100 626 1972 5+ Ine_T174.7231_1 D
20 ™ Ine_7028 7147.1 109.1 109.1 71.0 1693 {5+ Ine_7028_7147.2 D
21 T Ine_7028 71472 109.1 109.1 71.0 1692 {5+ Ine_7028_7147_1 D
T ey T —

Ln1 439 Line(s) of 439 1 Line(s) selected
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Example 1 — Master Generation and Transmission
planning — transient and oscillatory stability analysis

g 888
|

-180%
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Example 2 — Planning for new interconnectors to ?_D'LEN‘
Import or export electricity

« New interconnectors needed to facilitate power « EMT simulation also required for HVDC stability
exchange - many regions want renewable sources from analysis / design
neighbouring countries

« Grids may be asynchronous 02

wu
o

« Establishing new interconnectors may reduce inertia in
importing region

B B
v v
= ]

* Generally a frequency control problem - how to manage
contingency reserves

~
o
~

Less inertia = faster RoCoF

Frequency (Hz)
I
o
e

o Batteries for frequency control?

o HVAC or HVDC converters?

'S
5

48.8

48.6

* Frequency control generally an RMS simulation problem 48.4 /- Frequency Nadir
— trip of interconnector, largest load or generator 48.2
0 5 10 15 20 25 30
Time (s)
—High Inertia ——Moderate Inertia — Low Inertia
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Example 2 — Planning for new interconnectors to ?_D'LEN‘
Import or export electricity

S China
India (People’s Republic of)
Myanmar Lao Pacific Ocean
N
LR Viet Nam
Cambodia A
. Philippines
Brunei
- Darussalam
_Malaysia =
__“Sarawak’,""' /
gy \ﬁalaysia
West
Kalimantan
Indonesia
Indian Ocean
East Timor
Existing transmission lines *Lao People’s Democratic Republic
----- Planned trasmissions lines
21 Transmission Planning with PowerFactory
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Example 2 — Planning for new interconnectors to
Import or export electricity

Interconnection with back to back converter

Interlock
i G, :
Bypass |__~"_| T , !
| 1 !
l I | :
1
S1 _|< - S2
: Interconnection
]
P;
B2B | . —
Rest of system v
L, Ly

Flow through B2B is:
Psze = SumiL]— Sum[G,] — P,

B2B system for import-export interconnector between two asynchronous power systems
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Example 3 — Planning REZ infrastructure

« REZ planning transmission to meet export targets L R —

Project currently under development

Our three regions and 12 potential REZs

* Multiple options to evaluate
« Variations very useful for testing different options

« Analysis similar to previous examples

o Load flow and contingency analysis
o RMS stability
o Voltage stability - PV and QV analysis

o Transfer capacity analysis

Potential Renewable Energy Zones: general area in which

REZ transmission will connect to the existing shared
ission netwol by i
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Example 3 — Planning REZ infrastructure - variations

Project Overview 8 X v €& = Grd X Overview X Map X MNorthEast X  MNothWest X = SouthEast X = SouthWest % +

v Study Cases BC QUII™m “AAR B HESHEEE mow - ac &

(© 12/01/2016 2:00:00 AM y NW-NE LT
x
giagram |
T NW-NE_L2

EH option 1 - High demand
EH Option 1 - Low demand

BA Option 2 - High demand J NVW-NE L
EEl Option 2 - Low demand
S| Option 3 - High demand
EH Option 3 - Low demand
EH Option 4 - High demand
EH Option 4 - Low demand

——f -
NW-NE L4

NE_LS

NE_O4EBE

MW _La
Hw_L2

Nw_0Z/BB1

N3 NW_Cagrt
“ Operation Scenarios

%2 High demand - High NE - SE F North EaSt

.0 H
88 High demand - Low ME - SE b4 - o NE_01/BBA

Nw_02/BBZ

28 Low demand - High NE - SE NW_02BB2
28 Low demand - Low ME - SE NW_03/BB1

et
N
22 Medium demand - Low ME - SE Il—

=

[ S8
(aQ
@

NE_TH @1
ME,

1

~ Network Variations (2, 3 active; Recording)
2 500 kV line 2 e g,
> OF 330 kV double circuit NE - SE - NE_G1 NE_G2
> O 330 KV single circuit NE - SE oot NED2
> O 330 KV single circuit NW - SE
~ [T 500 kV double circuit NE - SE - amaaa
0= 500 kV line 1
B2 500 kV line 2
> D NE Phase Shifting transformers

NE

NE_02/BE1

NE_O2/BEZ2

HW-Sw_L1
NW-Sw_L2

NE_03/BB2
NE_03/BB1

N
LS

~ Grids (4 active)
B Morth East
B North West
B South East

B South West simet RO ‘
| W T 58 >

South East
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Example 3 — Planning infrastructure — transfer
capacity analysis

‘Balancing’ set to 'by reference machine' and will be used in calculation.
Consider active power limits is enabled.

Iteration Exporting Region Importing Region Transfer Iteration
Number Generation {MW) Generation (MW) (Mw) Status
' Generation (il SE region {0} NE-SE-NW Region
o Laad  memeration e e
1
; 2] 952.47 3023.61 -46.54 oK
1 954.80 3021.28 -48.85 oK
2 959.45 3016.59 -53.48 oK
3 968.76 3007 .25 -62.74 0K
4 987.37 2988.58 -81.24 oK
5 1024.60 2951.30 -118.28 oK
6 1899 .06 2877 .00 -191.89 oK
7 1247 .97 2729.49 -338.44 thermal violation
8 1173.51 2803 .08 -265.31 thermal violation
Load o 9 1136.29 2839.99 -228.64 0K
South West South East T T T T T T
1@ 1154.90 2821.52 -246.98 oK
13 1161.88 2814.60 -253.86 thermal violation
Genmeration T Tt
Load 14 116@.72 2815.75 -252.71 thermal violation
15 1160.14 2816.33 -252.14 0K
Generation 16 1160.43 2816.04 -252.42 thermal vielation
17 1166.28 2816.19 -252.28 0K
18 116@.35 2816.11 -252.35 thermal violation

25 Transmission Planning with PowerFactory
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Example 3 — Planning REZ infrastructure - QV curve

and reactive margin

Shows relationship between:

 Operating voltage 150
» Reactive power 1 00
If fault level is 15 GVA: — 50
+ At500 KV, 17 kA L 0
- 1% is 150 MVA =3 _50
*  Q Margin=150 MVAr & -100

-150

-200

26 Transmission Planning with PowerFactory
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\

Operating Point

\ MVAR Load
- before collapse
i

AN
|
Maximum

\

02 030405060708 091011
Voltage (V)



Example 3 — Planning REZ infrastructure - Voltage
stability and the PV curve

A Safe loading
Margin (MW) |

Nose-point

Stable
region
 — —Stability Limit— — — — — —
| Unstable
| Region
| | v MW
- »  Transfer
Operating Maximum (the “P”)
Point Transfer
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Example 3 — Planning REZ infrastructure -
PowerFactory PV and QV analysis

Voltage at study Bushar = 0.816 p.u.
[Mvar]
Pl Active Power of scaled loads = 4115 MW
1000
1.02
500
1
09958346 p.u. =
0.08 o y p-u Y =0 Mvar
08 -500
094
-1000
0.92
-1500
0.9
-2000
-2105.515 Mvar
088
05 0.55 06 0.65 07 075 0.8 0.85 09 0.95 1 1.05 [pu] 1.1
3200 3400 3600 3800 4000 MW 4200 o QV Curves Study Summary o
——— NE_04\BB: Voltage, Magnitude —— NE_02'BB1: Voltage, Magnitude NE_01\BB2: Voltage, Magnitude ———— NE_OVBB2: VORAgE, MAONTUAE e ——
NE_D01\BB1: Voltage, Magnitude NE_03'BB1: Voltage, Magnitude NE_02\BB2: Voltage, Magnitude . A R
- e Heg - ge. ag - e Hed - Contingency P (M) Critical bus critical V (p.u.) Q (Mvar) -
Base Case .00 == BB1 @.819 -2139.67
Base Case .00 = BB2 @.819 -2139.67
Base Case 0.08 - BB2 @.816 -21085.61
Base Case 0.08 = BB1 @.816 -21085.61
Base Case .68 — BB a.742 -1562.85

28 Transmission Planning with PowerFactory



Example 4 — Co-optimising generation and
transmission

° U n CO nStrai n ed tran S m iSS i O n SySte m @ Synchrenous Machine - South East\SE_01_Site\SE_01_PP\SE_G2.EImSym

al IOWS IeaSt COSt g e n e rati O n d iS patch [E}asic.Da.ta (ontrol;.and Limits | Operating Costs | Redispatch Costs . Star‘.t-U;?fShu.t-D.own Costs | Constraints e
escription Operating costs Piecewise linearisation for LP
Load Flow O off O Use average costs Cancel
° Optlmal POWer FIOW (OPF) Solutlon Short-Circuit VDE/IEC g Use local cost definition 8 Use equidistant breakpoints Figure
. . Short-Circuit Complete Use generator cost curve Use user-defined breakpoints
used to ensure generation dispatch s[5 e | Avemsecos 50,65 USD/MM
respects transmission constraints penaty costs o

Quasi-Dynamic Simulation

« Weigh up cost of transmission vs cost e S e e e e
Simulation EMT Basic Data

of generation by comparing cost of =

Protection Description

eneration between unconstrained and Power Quality/Harmonics Primary fuel costs 235 USD/MWh_th Emission costs 15. USD/t Cancel
g Reliability Other thermal costs 2.881 USD/MWh_th Emission intensity 0.202 t/MWh_th
CO n Stral n ed O P F Generation Adequacy Other electrical costs 0. UsD/MWh Fixed costs 0. UsD/h
H H tima: 7;;\:\.:5-(-. ow-:- . Rated efficiency (based on rated active power): 5159.8
« OPF and Unit commitment tools useful — vepo o scan
H . . L
for SolVIng problem ?ptln:l.Equl.pment Placement 1 0. 0. 2439.9
tate Estimation 2 1. 0,33
. . . 3 10. 042
 Requires estimation of cost of : 100
generation
-0.000 33.33 6667 [%]  100.0

Approximation Piecewise linear ~ Smoothing factor 0. %
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Example 4 — Co-optimising generation and
transmission

Before Optimisation

30

5000 |
v |
5000 | :ﬂ'ﬂ—
el | o r!f’:jc\' Mﬂdﬂi = HF':EL r'_—L“i_IJ.-IJjCEL
4000 :E=|= —I:‘ _Ej_,—-\__.‘g EL‘ =F= _,—r = B e LE
B _— — — - —ﬂ ="
3000 | = Se=== | Sy
2000 |
1000
0
2016-05-03 2016-05-04 2016-05-05 2016-05-06 2016-05-07
00:00:00 00:00:00 00:00:00 00:00:00 00:00:00

[ Summary Grid: Storage
I Summary Grid: Pump storage
[ summary Grid: Renewable Generation

Summary Grid: Photovaltaic

[ Summary Grid: Solar
[ Summary Grid: Wind

[ Summary Grid: Other Static Generator

Summary Grid: Others
N Summary Grid: Fuel Cell

I Summary Grid: Diesel
[ | Summary Grid: Gas
[ Summary Grid: Qil

I summary Grid: Coal
[ Summary Grid: Muclear
B Summary Grid: Hydro

After Optimisation

6000 |
] |-
5000 |- ;..-;L —
4000 |- j = _,_|"J_“—L.—I_""— = ———f
_ s 2 L
B | - — — il
3000 | —= == "ﬁ—_'.:__,'j"_
2000
1000
0
2016-05-03 2016-05-04 2016-05-05 2016-05-06 2016-05-07
00:00:00 00:00:00 00:00:00 00:00:00 00:00:00
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Results visualisation — geographic diagrams %‘ﬂ
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Challenges with transmission planning process ?_D'LEN‘

* Assumptions
o Future scenarios
o What is a committed project?
o Demand growth
o Generation and retirements
o Characteristics of future equipment, particularly generation which is critical to transient stability analysis
- Generic models?
« Defining the planning criteria — many jurisdictions do not have an adequate grid code

« Always need to apply engineering judgement to problems
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