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Introduction

* Archipelagic countries generally consist of isolated small islands where a part of such
islands have inhabitants even in large numbers

 The electrical power system on such small islands is isolated (not connected to main
grid in main land) and use middle voltage for electricity distribution.

* Limited primary energy on such isolated small islands causes renewable energy to be
one of favorite the primary energy options for electricity generation

* One of favorite energy primary type especially in tropical areas is solar energy

 Solar energy convert to electricity through Solar PV Farm as one of popular
implemented technology

e Solar PV Farm are non-dispatchable and intermittent power plant.

« The maximum capacity of such intermittent power plant should be determined in
planning phase to maintain perform of middle voltage electricity distribution system.
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Modelling

 The system frequency serves as a

Single Line Diagram (SLD) of controller between load and
connecting model in 20 kV Electricity generation.
System * If the generation exceeds the load

then the frequency will increase
beyond its nominal frequency and vice
versa.

* Frequency control is carried out
through the control of the active
power flow by regulating the
governor.

 The system frequency change is given
by following equation:




- 7
Modelling (2)

* Where the symbol in equation are following :
— AL is magnitude of overload,
— D is load damping constant applicable to area load,

— M representing total rotational inertia of the generators in
the area.

 Equations show that the system frequency change of the
nominal frequency is affected by the inertia of the system.

* Solar PV Farm is power plant without inertia

* Thus, injected Solar PV to grid has the potential to cause
system frequency to become unstable during intermittent and
disturbance conditions.
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Modelling (3)

* The propose method to determine the maximum capacity of
solar PV can injected to system is using the transient stability of
the system during disturbance and intermittent condition
when the system already receive Solar PV Farm

* The capacity where the system can keep its performance during
disturbance/intermittent condition will be maximum capacity.

 The transient stability will be carried out after load flow and
short circuit analysis find no problem in system performance
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Case Study

Definition

e Case study carried out in one of small island in
Indonesia which have used 20 kV system in its
distribution network

 The Solar PV Farm will be connected to system in 2019

* Since peak load demand forecasting will be 43.68 MW
then the almost 10% of peak load is 4.8 MW as
capacity of Solar PV Farm which is planning injected to
system

* Simulations carried out in “must run”, just to meet
technical considerations
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Case Study

Modelling of System
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Case Study

Model Validation

Measurement The Model is

21 Oct 2016, 14.00 Simulation Results

valid
EDEEEEE Y oaemes
Mzl KPM 2500 Diesel/ HSD KPM 2500
Aggreko 5000 Aggreko 5000
E;i:%‘lgi . Wartsilla 1 4000 ?Sii?%'f;i : Wartsilla 1 4000
Atamora 2300 Atamora 2300
Wahana 1200 Wahana 1200
Sewatama 2 4000 Sewatama 2 4000
Arena 1600 Arerna 1600
KBT 1000 KET 1000
Max Power 1 3000 Max Power 1 3000
Max Power 2 5000 Max Power 2 5000
PLTU Idec 1 5000 PLTU Idec 1 5000
Total Generation 34600 Total Generation 34600

o = Bus | Voltage (kV) [ Bus | Voltage (kV)

Gunung Belah 19.7

/:EI. Gunung Belah 19.7
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Case Study

Load flow before Solar PV Farm Injected to system
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Case Study

Load flow after Solar PV Farm Injected to system

Totsl Asmbanghitan: 44,98 MW
Totzl Geban 20 kv: 43,88 MW
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Note

1. Supply from PLN to feeder 4, decrease to
7.4 MW

2. \Voltage at the end of feeder 4 is improve
(from 16.8 kV to 17.5 kV)

B 3. There is no overload in system network
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Case Study

Short Circuit Analysis

Before Interconnection 2019 After Interconnection 2019
BUS Ik” ip Ib Ik Ik” ip Ib Ik

kA kA kA kA kA kA kA kA

Gunung Belah 7.50 18.64 | 6.62 7.50 7.93 | 19.55 | 6.94 7.76
Point of

Interconnection 1.30 2.63 1.30 1.30 1.50 3.13 1.50 1.50
(feeder)

PV Farm :X'/\)/ side (201 i i - | 150 | 312 | 1.50 | 1.50

The level of breaking capacity in 20 kV system in Indonesia have been 16 kV
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Case Study

Transient Stability Analysis

Transient Simulation

Tap | 49.60 Hz
| | Tap Il 49.55 Hz
Loss of PV
Gell_grsastiofjnpf\:om Generation from Tap Il 49.50 Hz
: 100% to 25% due to
100% to 0% instantly cloud movement Tap IV 49.35 Hz
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Case Study
Transient Simulation (4.8 MW)
Loss of PV Generation from 100% to 0% instantly
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Case Study

Transient Simulation (4.8 MW)
Intermittent Condition Due to Cloud Movement Power Output decrease
from 100% to 25%

———————————————————————————————————————————————————
I
|

ASSUMPTION: |
_________ J
I
1
I
I
I
|
e g ————-27 838 -—————4—————————4-————————— B
Wind Speed = 35 knots = 18 m/s 263 m E :
Heights = 2000 m = :
Radius = 3 km e 1
Grad = 0.33 MW/s e i Wi e B S B 4
g |
263 m 2 !
1
PV Farm N T K
Land Area: 6.94 ha (assumed square) :
PV Farm width: 263 m |
2 WJE BBBBB [;]. 1 ZUIE-OZ
— lecrical Frequency in He Time (5}
| Freku Date: 3/22/2017
Annex: /5

4.8 MW (6 MWp) Solar PV Farm is not acceptable.
The perform of system become worst during disturbance and/or
intermittent condition
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Case Study

Solution Model

* Since the stiffness of system is about * Adding Batterles
3.87 MW/Hz then if the system — Dispatch of the battery when there is loss
frequency reduction during intermittent of PV Farm generation is 3 MW.

e — So the energy that will be needed is
condition is targeted not to touch the assumed 3 MWh to supply 1 hour, but In

UFR setting for automatic load this configuration, the battery is used to
shedding phase 1 (49.60 Hz), then the maintain the frequency just for 10
maximum capacity of Solar PV can be minutes~ 500 kWh

connected to the system without — Size of the battery to supply 10 minutes
disturbance performance of the system 10 min

should be smaller than 1.55 MW. Epattery = 3MWh » o 500 kWh

* |t will be only smaller than 0.4 Hz
system frequency drop from its nominal ¢ Assumed the DOD and the losses of the

frequency. Thus, in the second Inverter = 50%

: : : 500 kWh
simulation, Solar PV capacity can be Eb,ﬂw=w=1MWh
connected to system 1.5 MW or

*  Battery Capacity Needed
equivalent to 1.875 MWp. Epattery 1MWh

= 1A4AF OFE Abh
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Case Study

Transient Simulation (1.5 MW/1.875 MWp)

Intermittent condition due to cloud

Loss of PV Generation from 100% to

movement cover Solar PV panel in 2 s

0% instantly
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1.5 MW (1.875 MWp) Solar PV Farm is acceptable.
The perform of system can keep in good condition during disturbance

and/or intermittent condition
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Case Study

Transient Simulation (Solar PV Farm 4.8 MW/6 MWp + Batteries 1 MWh/142.85 Ah )

Loss of PV Generation from 100% to 0% Intermittent condition due to cloud
instantly movement cover Solar PV panel in 2 s

8000 e ———— e e e e e e e e e e T ———————————_————————— | | s et e e e e

_Frequency(Hz) |

Frequency(Hg)

%_______I.______I_______L______L_____

ssssss

4.8 MW (6 MWp) Solar PV Farm + Batteries 1 MWh/142.85 Ah is
acceptable.
The perform of system can keep in good condition during disturbance

/;EE and/or intermittent condition
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Discussion and Conclusion

 In the archipelagic country that lies around the equatorial line, cloud
formation is relatively rapid. Such condition leads to the possibility of
repetitive intermittent conditions every day. Transient stability method
with system frequency as a criterion can help to understand performance
of the system during the intermittent condition.

 to strengthen the conclusions of system performance as the basis for
determining the maximum capacity of Solar PV that can be connected to
system, then the system frequency dynamics in case of Solar PV pull out
from the system suddenly need to consider.

e The combination of both simulations helps assure conclusions of
maximum Solar PV capacity that the system can accept without causing
any system performance disruption.

 Adding batteries can keep installed capacity of Solar PV Farm injected to
system
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