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Demand for PV & Hosting Capacity " POWER  cnergyfori

Customer Solar PV Installations
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System Blueprints ——
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Graphs: Breakdown of Horizon Power systems per most economic business future including a 25% reduction in LCOE for DER
systems.
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Power Quality & Fault Level Issues T T
o Reduced Protection Sensitivity ol L — — S j
o Motor Starting = i ] T ]

Voltage Stability oW N C

o Frequency Stability o 4i ______ iF _____ 4

o Harmonics & Flicker | |
o Black Start

Voltage & Frequency Control

Network Optimisation, Network Losses, Optimal Generator Placement

Real Power Balancing & Load Control
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The following summarises the recommendations arising from this study:

o Implement Feed in Management control scheme

o Develop voltage control scheme (primary & secondary)

o Develop frequency control scheme (primary & secondary)

o Inverter 10sec fault ride through capability

o DER inverters — capable of power factor of 0.95 or better

o Optimised charge coordination of energy storage

o Develop a suitable black start control scheme

o Detailed protection study

o Develop ‘fall back’ strategies

o Update Horizon Power’s technical rules and Technical Requirements.
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Principles of DER Control POWER  crergy forie

e 0
4 ™\
Tertiary Control DER Monitoringand Control System (Dispatcher)
\
A\ 4
@ = =
Secondary Control Microgrid Control
< = =




HORI
Feed in Management ~ POWER  crergyorife

™~
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eed in Management

24540
Total Substation  Total Energy Exported
Demand (per Month)

Wiluna FiM Overview

1/

Ngangganawili Health Centre PV system

@ Inverter 1 @ Inverter 2 @ Inverter 3

23.2 kW 17.3 kW 19.0 kW
29 % 30 %

30 %
(23210 | 17.3 kW
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Feed in Management (FiM) Calculation

FiM Mode Auto
FiM State Inactive 415V
Max Permitted Output | 59.5 kKW To Health
Centre
220V

To HP Network

Wiluna Total Generated Power

332 kW
morz i o2+ [

meokw  18% g M Dicsel WPV =il

Conventional Generation
Gen State ‘ Load [ Min Load
Total

Gen 1 Inactive 0 KW 80 kW - - i State Min Load

R T O] O Load Min Load Online Difference
Gen3 Active 136 KW 80 kW W2 KW > 160 KW —» |  Inactive 112 KW

Gen 4 Active 136 KW 80 kW

Gens Inactive 0 KW 80 kW

Solar Generation

Total
Inverter | Output -
[ | Output Min Load FiM
Inv 1 232 kW Difference Auto Setpoint FiM in Auto Solar Generation
Inv2 17.3 kKW é_. l 59.5 kw‘ 12 KW — 100.0 kKW . oot
Inv3 19.0 KW FiM - = 100.0 kW
e Manual Setpoint "
100.0 KW

FiM Setpoints and Status 27077201 11:65:00 277201
FiM Setpoint Ramp Up Rate 1.0 Ki/s

FiM Setpoint Ramp Down Rate 1.0 KW/s

PV Maximum Capacity 100.0 KW
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Power Station load “\J
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Jul 01 05:00:00 AM Jul 01 03:00:00 PM Jul 02 01:00:00 AM
Jul 01 12:00:00 AM Jul 01 10:00:00 AM Jul 01 08:00:00 PM



Carnarvon DER Monitor & Control Trial ol

DER Control

Participants: Vi
« 10 Customers — PV/Battery

system <
« 5 Customers — Inverter upgrade
« 5 customers —

* Police & Justice Centre
« EMC Solar farm

AMI

Control B
. Algorithms - =
Including: E
/1/\\\ N
1 3Sky Camera . ‘\\'T

* 1 Meteorological Stations

* Build Back-end — Relational Data
base AT
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Raw PV
Output
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Karratha Airport Solar Smoothing
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Carnarvon Energy Storage Trial

L
o
. PR @ Power Factor Selection Generated: 3,728 kwW
. ® Unéty Power Factor Active Generation Spinning Reserve: 3,272kW
5 BESS Spinning Reserve Support =KW
& ® ® . Peak Load Shifting Active: =329 kW
& ® Proporsonal Power Factor
o 3 Requested Real Power: =328 kW
©» 3 Requested Reactive Power: O kVAr
|} Operating Mode
o | Sheting Enabled
® i Generator Setpoint Control
Spinning Reserve Support Spinning Reserve 100% |
® @ PSC in N+1 Mode Average Generator Loading 934 KW
QO SRS Support Active
1 Wl Tor S piiniig Regorte ComAp PSC Actual Spin Res Real Pwr 3,284 5w
® Q) Generator Stabiising (30sec) Active Generator Count 4
Q) Begin BESS Ramp Down ven
O Insufficient BESS Capacity (kW) ComAp PSC Gen Real Pwr Output 3,736 kW
ComAp PSC Gen Reactive Pwr Output 0xvAr Raw PV
4000 Generator Load Sharing Output
3500 Load Shift ACTIVE Generator Average Load 1,031 kW S —
Peak Load Manual Control —Smoothe
3000 Support START Time owr | 0 l.llr\l Real Power Output 1,000 kv | PV Output
Support END Time 200 | om Reactive Power Output € A
2500 PP | _omin] |
2000 22822828828388583838888388
Manual Overnide SAfaTReERaasIIRgREcdasddns
1500
> |
1000
Ramp Up Rate
500 Ramp Down Rate
0

(_Enavie | BESS State.Of.Charge - Charge ACTIVE

Charge START Time 10 | 0 l.hnl MIN Charging Threshold (Start) 85% | - +
Jul 01 05:00:00 AM Jul 0103:00:00 PM Jul 02 01:00:00 AM Charge E1D Time 21 || om MAX Charging Thieshotd (9% 87 &
Jul 01 12:00:00 AM Jul 01 10:00:00 AM Jul 01 08:00:00 PM = L I_m' L {Stop) d I




Motor Starting Requirements energy forlfe
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Multiflow Network Design Optimisation
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L
* Objective: Define the most .
economically efficient way to design a
system as customer density and -

customer PV penetration increases.
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» Key Questions: Customer Density?
Additional Equipment? Suitability of
existing networks? Technical Limitations?
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System Base Model Optimised
Component DER Model

LV Network  $2.98M $2.60M S0.38M 13%
Distribution $2.15M $1.39M S0.76M  35%
Transformers

Total $5.13M $3.99M $1.14M 22%

AL
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* Reduced transformer capacity B
* Reconfigured cabling and RMUs
 Reduced LV cable size

e LV cost reduction of 21%

* HV cost reduction of 10.5%
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The Solar Story




ustomers — Technical Requirements

System
Exporting

 Feed in Management

Q Capacitive

Inductive
(lagging) (leading)
N ' t der AS4777 — Setti
L Battel
- 1! D Inverter minimum Ch Y
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* Inverter reactive power capabnllity et e
APPENDIX B. REQUIRED SUNSPEC PARAMETERS
p— Sunspec ariable | unit |bata Type| size | Reaawite Variable Description
. —
° WRig w_| unte | 1 R |contiuous power cutut capabiy ot mverter
angeover switches E e
[Contotof verer acive pover ot s part Witax W[ umtts | 1 | RW _[seting for maimum poweroutput Defaut to WRIy.
[#a SCADA WS ~ [t [ 1 R___[Scalfactororreal power
atomatod rerer cuputramp down grverr WhaLinPcl__|%Whax|_units | 1 | RW _[selpower ouput ospeciied evel
. . [emergency shutdawn)
° WNaxinPc RmpTms | secs | untt6 | 1 | RW _|Ramptie formovig rom curent seoint o new sepaint
a e eS I I I e u I rel I Ie l I S AT S ] I R O
1 ENABLED
Crasate __[%AnRG| untts | 1 R |curenty avaiabl energy as a percent ofthe capaciy atng
ngaty v | untts | 1 R__[temal batery votage.
. . InBatV_SF sunsst | 1 R [Scale factorfor battery voltage.
b a e n Orllla IOI I re UIrelllel I S : =T —
ASF sunsst_| 1 R |curentscaefacor
PV K R [Line o Neuiral AC Votage (aveage o acive prases)
IMontoring of the folowing on-ste generaton V_SF sunsst |4 RI[Vokage scal acor
fresource H W | 6 | 1 R [Freauency
HeSE sunsst_| 1 R |Frequency scal factor
W W | ms |1 R [Acrower
W_SF sunsst | 1 R |Real Power scale factr
VA var | mib | 1 R [ACReacive Pover
VARSF sunsst_| 1 R |Reacive Power scalefacor
W R R [TotalRealPoer
WSF sunsst | 1 R |Rea Power scae actr
VA VA | s | 1 R [AC Apparent Power
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