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Problem Description

1. Growing demand for renewables integration for existing networks.

* Microgrid conversion
* Renewables support for existing thermal generation (GTG/STG/Diesel)

2. Industrial electrification and renewable plant buildouts are difficult to conceptualise.

* Plans based on carbon abatement targets rather than suitability for network stability

» Electrification proposals are generally built using single node analysis via linear equation solvers (GAMS/PLEXOS etc)
* No consideration for distribution of generation/loads

* Generalised assumptions on availability of wind/solar resources

3. Validation of Techno-Economic Models

« Challenging to assess technical feasibility from a proposed list of sites and build dates
» Difficulty in quickly closing feedback loops of technical assessment of GAMS model buildouts. (technical validation is usually the
bottleneck in buildout assessments)
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Overview

1. Base Model

« Details of source model and required modifications.

2. Time Varying Characteristics

« Load model process
 Renewable resource modelling

3. QDSL Model Development

« Microgrid and renewables controller development
« Thermal generation control
 BESS modelling
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4. Expansion Stages & Scheduler

5. Reporting and Results Analysis

Simulations and scheduler flexibility

Available plots and reporting scripts
Outputs for post processing
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PowerFactory QDSL
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Quasi-Dynamic Simulation

« Sequential time based load flow solution of a network M
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 QDSL modelling allows for a more complete picture of e mmewemo o me e e
the interactions between supply, load, storage. "

* Quick analysis for long time scale reporting on voltage
and loading exceedances.
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* Requires specialised model development up front, e woo  eom  ooom  ewer tomoo
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Available Solar

although highly modular in application.
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Study Scope %ﬂ

Example Industrial Network Details Simulation Details
« Modelled a typical industrial transmission network. « 10 minute resolution
- Initially 220kV with 500kV addition in 2033 * Simulation from 2023 to 2050
. Load Expansion from 2023 — 2050 e 1070 Result variables monitored

« 52,415 load flow calculations per year across 28 years
- 1,467,620 total load flows

- 1,570,353,400 results

— Electrification of haul trucks and rail network
- Increases in processing load

— Introduction of new sites/substations _ _ _
_ - Approximately 6 hours processing on a 16-core i9
7 Wind Resources

6 PV Resources
« 2x Short duration BESS (2h)
« 1x Long Duration Energy Storage (LDES) (4h)
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Model SLD — Existing Network
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Model SLD - Final Buildout
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Input Characteristics

1. Solar Irradiance

« SOLCAST satellite GHI/DHI.
« Validated against metering station data
« 5-Min resolution

2. Wind Speed Data

* Historical Met-Mast data at 5-min resolution.
« LIDAR a better source, though more intensive to
collect.

3. Process Load Modelling

« Recorded load data at all bulk substation incomers.
« Scaled annually based on projected mine throughput
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« Time characteristic based on a 10 truck/3x Charger
block
« Loads added according to electrification rollout plan

4. Haul Truck Electrification

5. Rail Electrification

« Conversion from Diesel locomotive to Battery Electric
locomotives.

» Load scheduling by site was developed based on rail
schedule.

» 12x charging stations modelled



Input Characteristics — PV Elements

%y Edit *
Irradiance on the Honzontal Plane Charghct;ristic Acti... Unit Usage Trigger Active  Current Value
Coordinates for solar calculation Latitude -31.472 deg L L Xe B o sheolute TR OR0E e
Longitude 126.822 deg
Specified Components Global + Direct ~
Global Irradiance Data Hourly Data (GHI) W
Glzbal Horizontal Irradiance BO0. WSmt2 739 W/im*2 h
Diagram: PV3_GHI
Diirect Irradiance Data Hourly Data, Marmal (DINI) W 120000
Direct Mormal Irradiance T00. W/m™2 959, W/m*2
Environment Factors c00.00
Ambient Terperature 25 degC 21.4 degC
Shading Factor (Direct) 0. 0. J h |J ” h
Shading Factor (Diffuse) 0. 0. 2290191 RE e 2835050 2o B
Ground Albedo 0.31 0.15
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QDSL Models

1. Microgrid Controller

« Measures overall site load to calculate dispatch
requirements.

« Assigns set points for renewables controller and
each power station.

« Determines required curtailment based on GTG
restrictions and available renewables.

2. Renewables Controller

« Determines availability of renewables and assigns
set points to each asset based on dispatch logic

3. Power Station Controllers

» Receives set point from MGC
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« Determines individual generator unit dispatch

« Limits generator on/off durations to reflect operator
intervention.

» Calculates consumed gas based on GTG heat rate
curves for analysis.

BESS Controllers

« Assigns BESS set point to each asset based on
individual rating and SOC.
» Limits charging rate at SOC extremities

Measurement Models

 Carbon abatement calculations



Microgrid Control Summary
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QDSL Overview

Execution Process
1. Initialisation Block (A)
2. Load Flow Equations Block (B)

° Solving fixed state of model.

3. Load Flow Control Block (C)

° Determine state changes such as charging/discharging of
BESS based on load flow solution.

4. QD Simulation Control Block (D)

° Outer loop state changes and validation of subsequent time
step. Allows for triggering of events.

5. QD Simulation Equations Block (E)

o Definition of time varying state variables and integration
equations. (SOC / Gas Consumption etc)

control control

change
Control “_2; Equations
Quasi-Dynamic Quasi-Dynamic

convergent
outer loop

‘Load Flow

Save

Results

im
tk+1 t e

1Tlme step

: advance

1

1 -
Control  °
Quasi-Dynamic

1

Integration of
~ states

Figure 28.5.2: QDSL models - Simulation Procedure
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Microgrid Controller

9dsl Quasi-Dynamic Model Type - User Defined Models\QDSL_Types\00_Carbon_Constrained\MGC\MGC_Centroller WA+ 3. TypQdsl >
» Provides grid total active power reference
Results [ Linear model
« Measures P for all connected generating elements. . O e o
Quasi-Dynamic Simulation 1 Gl_genl Input ElmSym P bus1 Encrypt
« Calculates required curtailment to ensure active perten R B
. 3 Gl _gen3 Input ElmSym P bus1
power balance in the system. s Glgma finym P
5 Glgen3 Input ElmSym P bus1
6 GZ2_genl Input ElmSym P bus1
« Calculates required renewables and passes signal T Gg2 mym P .

to the overall renewable controller.
Min_Gen_Total = G1_2_Ctrl:c:Min_Gen + G1_3_Ctrl:c:Min_Gen + G2_Ctrl:c:Min_G"
Curtail = (Min_Gen_Total * Generator_Min);

 Determines curtailment required to satisfy 1SG Pouer Neasurements

minimum running conditions. G1_3_gen = G genl + GI_gen2 + G1_gen3;

G1_2 gen = G1_gend + G1_gen5;

G2_gen = G2_genl + G2_gen2 + G2_gen3;

G3_2 gen = G3_genl + G3_gen2;
G3_3_gen = G3_gen3 + G3_gend + G3_gen5;

G4_gen = G4_genl + G4_gen2;
G3_gen_tot = G3_2_gen + G3_3_gen;
SG_act = G1_3_gen + G1_2_gen + G4_gen + G2_gen + G3_2_gen + G3_3_gen;

|Setpoints he
< >

." MOD | OVR READ OMLY | Ln 3, Col 34
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Thermal Power Station Controllers

* Overall MGC to assign set points based on load and "
pre set dispatch percentages. (based off measured
proportions) -

g | | : (e

* Individual station controllers broken down into e i F o T o P
groups Of 2 & 3 generating units for Simplicity. ——— G2_Control: Gen 1 Set Point =——— G2_Control: Gen 2 Set Point = G2_Control: Gen 3 Set Point G2_Control: Station Setpoint

G2 Station State

« Time limited to restrict start-stops 3h run 1h off (user
configurable). QDSL model tracks run times and sets
availability flags. .

2070-07-14 2070-07-14 2070-07-15 2070-07-15 2070-07-15 2070-07-15 2070-07-15
20:00:00 22:00:00 00:00:00 02:00:00 04:00:00 06:00:00 08:00:00

—— G2_Control: Operating State of station

« State machine determines generator dispatch
configuration based on availability flags. =

ﬂ —_— .

G2 Generation Running Time

 Gas consumption in GJ calculated as function of
heat rate and integrated over each time step.

2070-07-14 2070-07-14 2070-07-15 2070-07-15 2070-07-15 2070-07-15 2070-07-15
20:00:00 22:00:00 00:00:00 02:00.00 04:00:00 06:00:00 08:00:00

—— G2_Control: G1 Run Time (min) [+on ; - off] —— G2_Control: G2 Run Time (min) [+on ; - off] ——— G2_Control: G2 Run Time (min) [+on ; - off]
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Gas Generation Statistics - 2024

G1 Station Setpoint

MW
100
50
2024-03-01 2024-05-01 2024-07-01 2024-09-01 2024-11-01
00:00:00 00:00:00 00:00:00 00:00:00 00:00:00

Setpoint: Setpoint

G1 Station Dispatch

2024-03-01 2024-05-01 2024-07-01 2024-09-01 2024-11-01
00:00:00 00:00:00 00:00:00 00:00:00 00:00:00
Gen 1 Gen 2 Gen 3 Gen 4 Gen 5
G1 Gas Consumption G1 Dispatch Probability
8 40
[PJ] MW
6
30
4
20
2 /
0 T — 10
2024-04-01 2024-07-01 2024-10-01
00:00:00 00:00:00 00:00:00 0
[+
Station Total Gen 2 Gen 4 0 20 40 60 g0 A7 100
Gen 1 Gen 3 Gen 5 Gen 1 Gen 2 Gen 3 Gen 4 Gen5
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Gas Generation Statistics - 2050

G1 Station Setpoint

i‘)'g IIJI.IIIIMJ

2050-03-01 2050-05-01 2050-07-01 2050-09-01 2050-11-01
00:00:00 00:00:00 00:00:00 00:00:00 00:00:00

Setpoint: Setpoint

G1 Station Dispatch

40 | '
MwW
0 | | | | |
2050-03-01 2050-05-01 2050-07-01 2050-09-01 2050-11-01
00:00:00 00:00:00 00:00:00 00:00:00 00:00:00
— Gen1 — Gen2 — Gen3 —— Gen4 —— Gen5
G1 Gas Consumption G1 Dispatch Probability
[PJ]
1 40
MW
0.8
30
0.6
0.4 20
02 —
0 10
2050-04-01 2050-07-01 2050-10-01
00:00:00 00:00:00 00:00:00 0
0,
Station Total Gen 2 Gen 4 © 20 40 60 8o % 100
Gen 1 Gen 3 Gen 5 Gen 1 Gen 2 Gen 3 Gen 4 Gen 5
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Overall Renewable Generation Controller

adsl Quasi-Dynamic Medel Type - User Defined Models\QDSL_Types\00_Carbon_Censtrained\MGC\REN_Controller. TypQdsl >
1 H Basic Data Equations | Control -
« Checks which renewables farms are energized. N o
Initialisation Cancel

Inputs/Qutputs for load flow equations:

H H Load Flow MName Usage Class name Variable name Bus/Phase narne
« Determines available resource for the current oot oo S
time Ste Description sy
p. Version
« Calculates each farm rating based on P_max
parameter
Load flow equations
- . WF3_status = NF3.ISEI’]E’§?ZEd()j ~
« Assigns a setpoint to each farm controller based W4 status - ura.stnergized(;
. . WFE status = NFG_ISEnE'g?:Ed();
on total required renewables as a proportion of R
f . 'Wwind Parameters
!
arm ratlng " Wind_act = MGC:s:Wind_Gen;
'Available Wind
. . gy - WF1_wind = WFl:e:pgini_a * WFl:e:ngnum * WF1_status;
e Solar or wind can be pnon'uzed by a f|ag in the WF2 wind = WF2:c:pginia * WF2:cingnum * NF2_status,
WF3_wind = WF3:e:pgini a * WF3:e:ngnum * WF3_status;
f. t. WF4_wind = WF4:e:pgini_a * WF4:e:ngnum * WF4_status;
ind = ze:pgini * ez * B
contiguration page. e vins s ipEini™s - e inn - e ot
WF7_wind = WF7:e:pgini_a * WF7:e:ngnum * WF7_status;
Avail_wind = WFLl_wind + WF2_wind + WF3_wind + WF4_wind + WFS_wind + WF6_wind + WF7_wind;
'wind Plant Rating
WF1_rat = WFl:e:Pnom * WFl:e:ngnum * WF1_status;
WF2_rat = WF2:e:Pnom * WF2:e:ngnum * WFZ_status;
WF3_rat = WF3:e:Pnom * WF3:e:ngnum * WF3_status;
WF4_rat = WF4:=:Pnom WF4:e:ngnum WrF4_status; ©

f MOD  OVR READ OMLY Ln1, Col1
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BESS Controller

« BESS Master controller determines if there is surplus .
or deficit of renewables and assigns P setpoint. +ve ) : -
discharging —ve charging " . w
« Checks to see if each BESS element is “ “ “
energized/connected. ) i )
* Assigns setpoints to each BESS as proportion of o
total rated Capacity. ——— BESS 1 State of Charge ——— BESS 2 State of Charge LDES State of Charge
 Individual BESS controllers will discharge or charge o ::;;
according to configuration parameters and SOC ¢ s
limits. )
- BESS controller limits the charge/discharge ° )
setpoints within final 25% of SOC limits to prevent
large active power swings. m
——— BESS 1 P [+ve Dispatch; -ve Storing] ——— BESS 2 P [+ve Dispatch; -ve Storing] ——— LDES 1 P [+ve Dispatch; -ve Storing]
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Expansion Stages and
Scheduler

Given the multiple buildout plans. Each project has been
assigned to a distinct variation:

* Renewable Assets
o Supporting infrastructure (Lines/Subs)
« Rail Electrification

 Haul Truck Electrification

Variation schedulers can then be utilised to switch between
difference buildouts.
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[Z] Data Manager

O/7ZW4BEBEBE-BE VYVEVARNQ EKE

v &3 1T L |QDSL_Modelling\Transmission_Model_QDSL_VO.'I\Network Model\\a’ariations\lSP_Planning\BuiIdouts\Euild_\u"I|*

v 5 QDSL_Modelling " Name Tlact)
~ [E] Transmission_Model QDSL_V0.1 ¥ "
> B\ Library M= 2024-PV1_75M.. 1/01/2024 12:00:00 AM
v A Network Model W= 2026-PVZ_100..  1/01/2026 12:00:00 AM
> [ Diagrams W 2027-PV3_100..  1/01/2027 12:00:00 AM
> B Network Data W 2027-BESS_1-2.. 1/01/2027 12:00:01 AM
~ [ Variations W 2028-BESS 2-1.. 1/01/2028 12:00:01 AM
v 3 I1SP_Planning W 2030-L10-L11-..  1/01/2030 12:00:00 AM
~ 5 Buildouts W= 2030-L12_220k... 1/01/2030 12:00:01 AM
» B Build_V1 Ma  2030-WF1-220...  1/01/2030 12:00:02 AM
> E3 FORMATS D= 2030-WF1_120.. 1/01/2030 12:00:03 AM
> B5 apst W= 2031-WF2-220..  1/01/2031 12:00:01 AM
» B BEHT_Electrification Ela  2031-WFZ2_138.. 1/01/2031 12:00:02 AM
» B G3_Expansion Ee  2033-SUB_G3-5.. 1/01/2032 12:00:00 AM
; > B Rail Electrification Ee  2033-SUB_G2-5.. 1/01/2033 12:00:01 AM
>
Bl Study Cases Ma  2033-WF3-500.. 1/01/2033 12:00:03 AM
» f@} Settings
D= 2033-G2-G3-50.. 1/01/2033 12:00:04 AM
‘@} View Bookmarks
W= 2033-G3-WF3-.. 1/01/2033 12:00:06 AM
» @' Recycle Bin
, Ma  2033-G3-L10-L.. 1/01/2033 12:00:07 AM
> 5b Settings > ™
| Y N2 AWNED ISN ANA TN 100000 ARd
Ln1 35 object(s) of 35 1 object(s) selected  Drag & Drop




Results Post-Processing

Watarru
Indigenous
Protected

Area Wolalky
indigen;

Compilation of Results

PF CSV export script to output required result files in the
consistent format

« 12.5GB data per run 7 fiele

24.51%
26/12/2023 1:40..
L9/L8-L9 TEE
21.33%
17/08/2023 11:3..

» Post processed to hourly data for plotting

Plotting Tool
* GUI based plotting tool to rapidly compare data.

Heatmap GIlFs

» PF Script to output SLDs and Geographic layouts

Ngadju
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Renewable Duration Curves

WEF1_Duration WEF3_Duration
MW MW
120 250
100
200
80
150
60
100
40
50
20
0 0
0 1000 2000 3000 4000 5000 6000 7000 8000 0 1000 2000 3000 4000 5000 6000 7000 8000
Available 2027 2032 2037 — 2042 2047 Available 2027 2032 2037 — 2042 2047
2023 2028 2033 2038 ——— 2043 2048 2023 2028 2033 2038 ——— 2043 2048
— 2024 — 2029 — 2034 — 2039 — 2044 —— 2049 — 2024 — 2029 — 2034 — 2039 — 2044 —— 2049
— 2025 — 2030 — 2035 — 2040 — 2045 —— 2050 — 2025 — 2030 — 2035 — 2040 — 2045 —— 2050
— 2026 — 2031 — 2036 — 2041 —— 2046 — 2026 —_— 2031 — 2036 — 2041 —— 2046
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Summary

1. QDSL allows for fast simulation of many elements.

* 52,415 10-minute steps across 28 years (2023-2050)

- 1,467,620 load flow calculations = 6 hours processing
(16-core i9)

— Revisions can be run daily if required

« Monitor any number of variables available in PowerFactory,
or design your own through custom QDSL models (Natural
gas calculation)

2. Immediate visual comparison between cases.

* Loading heat maps
 Generation duration curves
 Wind Solar resource duration curves

22 PowerFactory QDSL - Applications for Integrated System Planning

3. Easy to understand the impact of storage.

« Calculate the required MWh for different scenarios.

 Review impact of different technologies and round trip
efficiencies

» Assess the implication of increased charging load on the
existing system

4. Use QDSL results to define scope for other studies

*  PVI/QV analysis
« Contingency Studies
« SCR calculations



Melbourne (Head Office) Perth

Level 13, Suite 11, Level 2,
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Melbourne VIC 3004 Perth, WA 6000
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(&) +61 7 3144 6400
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