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Executive Summary

The goal of this project was to study the impact of integrating one and two 850-kW wind turbine
generators (WTGs) into the eastern power system network of Sumba Island, Indonesia. A model
was created for the 20-kV distribution network as it existed in the first quarter of 2015, with a
peak load of 5.682 MW. Detailed data were collected for each element of the network. Load
flow, short-circuit, and transient analyses were performed using DIgSILENT PowerFactory
15.2.1.

The load flow analysis suggests that in the baseline (no WTGs) and with both integration options
there is no overloading of generators, no overloading of conductors, and all of the bus voltages
are within range.

The short-circuit analysis suggests that the short-circuit power ratio is comfortably above the
minimum requirement at the Haharu Bus—the point of common coupling of the WTG. In
addition, because the short-circuit power contribution of the WTGs is minimal, the ratings of the
devices in the substations should not be impacted.

The transient analysis suggests that with one 850-kW WTG, the system is unstable under the
following fault scenarios: a 400-kW loss of generation at the Kambajawa Bus with no
reconnection, a 400-kW loss of generation at the Waingapu Bus with no reconnection, and the
loss of the 850-kW WTG with no reconnection. However, the system is stable with the addition
of 500 kW/4.17 kWh of storage (stability support equipment) coupled with the auto-start
capability of the backup generator within 10 s after the fault.

As aresult of the analysis of integrating one 850-kW WTG at the Haharu Bus in the eastern grid
of Sumba Island, the following options for changes to the grid are explored:

1. Add a 500-kW/4.17-kWh storage unit! to the Haharu Bus along with a hybrid control
system to auto-start a designated backup generator (an existing CAT32 diesel unit with a
capacity of 550 kW located in Waingapu). In the high-wind scenario (which occurs with
a frequency of approximately 2% duration of the wind speeds) and under a variety of
disturbances—such as the loss of a WTG or the loss of a generator at the Kambajawa
Bus—the following sequence of events will need to happen to maintain system stability:

A. The storage unit provides maximum energy from the start of the disturbance for a
duration of 10 s, thereby reducing the rate of the decrease in grid frequency and
improving the frequency nadir of the frequency dip during the loss of generation.

The controller sends an auto-start signal to CAT32 when the fault occurs.
The CAT32 diesel unit starts within 10 s.

The storage unit continues to provide power for 30 s and then disconnects.

mo 0w

After 30 s, if there is a shortfall in power, other generators in the system increase
production by tapping into headroom to deliver the additional power required.

! The requirement is for 500 kW/4.17 kWh. The exact sizing and specifications of the storage unit is not within the
scope of this project; however, it must be noted that commercially available storage units of 500 kW will have
energy content much larger than 4.17 kWh.
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2. Ifno storage is used, then grid management becomes a challenge. The following strategy
could address this challenge, but it would cause the diesel generator sets to run at lower
efficiency:

A. Run the diesel generators with sufficient headroom to provide close to 850 kW of
power in case of the loss of the WTG during high wind. This would be
challenging during low demand, because it would require running the diesel
generator sets at less than 90% of full rating; this could provide the headroom, but
it would sacrifice efficiency. The current practice is to run the diesel generator
sets at 100% full rating (no headroom).

Thus, adding one 850-kW WTG to the eastern power system network of Sumba along with a
500-kW storage unit, hybrid power plant controller, 550-kW backup diesel generator set with 10-
s cold-start time, and high-speed communications is a solution that will improve the reliability of
the energy supply, enhance the stability of the system, and reduce greenhouse gas emissions.

The transient analysis suggests that with two 850-kW WTGs located in the same area, the system
is unstable under the following fault scenarios: a loss of generation at the Kambajawa Bus with
no reconnection and the loss of two WTGs with no reconnection. With the addition of the
following, the system is stable: (1) 1,500 kW/25 kWh of storage,? (2) one 550-kW backup diesel
generator with 10-s cold-start time, (3) additional backup generators with 60-s cold-start times,
(4) a hybrid controller to manage all of the generation units, and (5) a high-speed
communications network. Most commercial lithium-ion storage systems and some flywheel
storage systems contain energy for 60 s of discharge at rated power; therefore, the combination
of adding (1)—(5) is appropriate to improve the reliability of the energy supply, enhance the
stability of the system, and reduce greenhouse gas emissions.

The trip report for 2014, provided by the State Electricity Company of Indonesia (PLN),
indicates that the number of blackouts and trips is high: approximately one per day. Preliminary
analysis suggests that this is because of the following reasons: (1) the faults are not cleared
within the specified setting time of the circuit breakers, (2) the generators are dispatched with
low headroom (low spinning reserves), (3) the lack of vegetation management causes overhang
on transmission lines, and (4) the diesel generators are old. Improvements to (1)—(4) and the
introduction of storage will reduce the number of blackouts and trips and thereby improve the
reliability of the system.

To reach the longer-term goal of 100% renewable energy in Sumba Island, this report analyzes
one path: variable sources (wind/solar) + energy storage (with minimal energy content, in the
range from 30 s to a few minutes) + diesel generators with short cold-start times (10-20 s) + a
hybrid controller to manage all the generation assets. If implemented, the 850-kW wind project
will be a pilot for this path. Note, however, that there are other paths that have not been explored,
such as no diesel. As the wind project pilot is scaled up, distributing energy storage to be located
near load centers should be considered so that the colocated wind and storage units do not
becomes a single point of failure; locating them separately would increase the resiliency of the

2 The requirement is for 1,500 kW/25 kWh. The exact sizing and specifications of the storage unit is not within the
scope of this project; however, it must be noted that commercially available storage units of 1,500 kW will have
energy content much larger than 25 kWh.
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network. Similarly, to integrate two WTGs, the second WTG should be placed in a different
location than the first, and one with high wind resources, also to avoid a single point of failure
and thereby further increase the resiliency of the network.
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1 Background

The goal of this project was to study the impact of integrating one or two 850-kW Vestas Type 3
(doubly-fed induction generators) WTGs into the eastern power system network of Sumba
Island, Indonesia. Sumba Island was chosen as the iconic island for a renewable energy initiative
based on a study performed by Hivos International in collaboration with Winrock International,
Inc. Sumba was chosen because of the following considerations:

e Residents have low access to electricity. (The electrification ratio was 24.5% in 2010.)

e Until now, Sumba has been heavily dependent on its diesel power plants. (Eighty-five
percent of the electricity is from fuel oil/diesel.)

e Fuel oil is sent from other regions in Indonesia, which incurs high transportation costs.

e Sumba is rich in renewable energy resources, including water, bioenergy, wind, and
solar/photovoltaic.

e Approximately 20% of Sumba’s population is considered low income (poor).

The predicted growth of Sumba’s energy consumption is illustrated in Figure 1, shown with
different accelerations. At the minimum, it is predicted that the peak load will reach
approximately 13 MW by 2025, a growth of approximately 300%. At the maximum, the peak
load is predicted to reach approximately 20 MW by 2025, a growth of approximately 500%.

Figure 1. Projected peak load growth in Sumba Island. Image from Hivos International (2011)

A map of the wind resources is given in Figure 2. As shown, the wind resources are generally
very good throughout Sumba Island, reaching up to 7.5 m/s in some places not far from the load
centers.

1
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Figure 2. Annual average wind resources in Sumba Island. Image from Hirsch et al. (2015)

This project is a collaboration among the National Renewable Energy Laboratory (NREL),
Winrock International, Inc., and the State Electricity Company of Indonesia (PLN). The North
American Electric Reliability Corporation’s standard on Steady-State and Dynamic System
Model Validation mandates that planning coordinators develop and implement a documented
data validation process to validate their steady-state and dynamic system models. Toward that
end, this group developed such a process, which is described herein, to study the eastern grid of
Sumba Island. Note that the validation has not been performed.

2
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2 Steady-State Analysis

The steady-state analysis was performed to analyze the steady-state conditions of the power
system network, including the bus voltages and the power flows through the branches and
transformers, by considering different scenarios when the power system operates under stresses.

2.1 The Process
The process used to analyze the steady-state system model was based on the North American
Electric Reliability Corporation’s Procedures for Validation of Powerflow and Dynamics Cases.
Some changes were made to the procedures based on regional regulation (by PLN) and based on
engineering judgment. The following data were obtained from PLN in eastern Sumba. The
complete data are shown in Appendix A. The process was as follows:
1. Obtain data from PLN for the following:
A. Transmission lines
1. Status
B. Transformers
1. Status
ii. Load tap changer position

iii. Type (Transformers that had load tap changers were changed to Type 1 to
deactivate the load tap changers.)

C. Loads
i.  Real power
ii. Reactive power
D. Generators
i.  Real power
il. Reactive power

2. Model all diesel generator sets and wind generation that is connected via 20-kV feeders
as generators at the appropriate buses.

2.2 Power Flow Analysis

The power system network, load data, and power plant data were needed to analyze the steady-
state power system model. Appendix B contains the input data for each scenario, and Appendix
C contains the detailed results of power flow analysis for each scenario.

3
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Table 1. Bus/Substation Data for Sumba Island

No. | Substation Name | Voltage Level (kV) | Breaker Rating (kA) | Area/Zone District Name
1 Haharu 20 16 Hambapraing | Haharu

2 Kambajawa 20 16 East Sumba | Kambajawa

3 Waingapu 20 16 Waingapu Waingapu

Note: MHaharu is the bus between Haharu and Kambajawa. It was introduced because the conductor type
changes—17 Km is one type, and 8 Km is another. In the diagrams in Figure 4, this bus is labeled “Single
busbar(3)/K-H2,” and it is located right beneath the Haharu Bus.

Table 2. List of Generators at Haharu Bus #1

No. | Generator Name | Rated Voltage (kV) | MVA Rating
1 WTG1 0.69 0.85

2 WTG2 0.69 0.85
Note: The second generator is not used in the case of integrating one 850-kW WTG.

Table 3. List of Generators at Kambajawa Bus #2

SNo. | Generator Name ::I{:It;’d Voltage MVA Rating
1 Volvo 0.4 0.22
2 MTU1 0.4 0.65
3 MAN1 0.4 0.43
4 MTU2 0.4 0.43
5 MTU4 0.4 0.43
6 MAN2 0.4 0.32
7 DOOSAN1 0.4 0.42
8 DOOSAN2 0.4 0.42
9 DOOSAN3 0.4 0.42
10 DOOSAN4 0.4 0.42
11 DOOSANS5 0.4 0.42
Total: 4.58
4
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Table 4. List of Generators at Waingapu Bus #3

SNo. | Generator Name :ﬁ,t)ed Voltage MVA Rating
1 CAT 0.4 0.55
2 YANMAR 6.3 0.22
3 DEUTZ1 0.4 0.18
4 DEUTZ2 0.4 0.18
5 SWD1 6.3 0.22
6 SWD2 6.3 0.22
7 SWD3 6.3 0.22
Total 1.79

2.2.1 Baseline Power Flow

The baseline power flow analyzes the power system during light load and heavy load conditions
before a WTG is installed.

According to the information received, the total maximum load in the system is 5.682 MW

around 6:00 p.m., and the total minimum load of the system is 2.751 MW during daytime. The
actual loads on each bus during the maximum and minimum load conditions are given in Table
5. Information about the load power factor (PF) under both conditions is also shown.

Table 5. Power Demand and Power Factor of Loads at Three Substations

Bus Name of Voltage Max. Load Power Min. Load PF, Off-
No Substation Levelg(kV) (MW), Peak Factor, Peak | (MW), Off-Peak | Peak
) Load Load Load Load
1 Haharu 20 0.104 0.85 0.051 0.85
2 Kambajawa 20 3.494 0.9 1.691 0.95
3 Waingapu 20 2.084 0.9 1.0086 0.95
Total 5.682 2.751

According to the information collected from PLN in Sumba, during off-peak hours only the

generators at the Kambajawa Bus operate. During peak load hours, specific generators at the
Waingapu Bus are turned on depending on the extra generation needed. This decision is based on
the fuel efficiency of the generators. The first priority is given to CAT C32, followed by

Yanmar, DEUTZ, and SWD.

To model this type of dispatch, the slack bus definition shown in Table 6 is used for the different
scenarios.

This report is available at no cost from the National Renewable Energy Laboratory (NREL) at www.nrel.gov/publications.

5




Table 6. Slack Buses for the Scenarios

Scenario Slack Bus
No Wind High Load MTU 1
No Wind Low Load MAN 1

High Wind (1)2 High Load | MTU 1
High Wind (1) Low Load | DOOSAN 5
High Wind (2) High Load | MAN 1

High Wind (2) Low Load | DOOSAN 3
2 The number in the parentheses indicates the number of WTGs.

Data collected from PLN in Sumba suggests that all the generators run at PF = 0.8. Modeling this
power factor resulted in a large generation of reactive power compared to demand, thereby
causing a large absorption of reactive power at the slack bus. To rectify this situation, a few
generators are made to run at PF = 1 to ensure that there is minimal absorption of reactive power
at the slack bus. Table 7 lists the generators that are turned on, off, and running at PF = 1 in the
four scenarios. The results of the baseline model indicate that the Kambajawa generators are not
overloaded, and all the voltages are within the specified band.

6
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Table 7. Status of Each Generator and Its Power Factor for One and Two WTGs

No Wind No Wind High Wind High Wind High Wind High Wind
Generator High Low (1) High (1) Low (2) High (2) Low
Name Derated | | oad Load Load Load Load Load

Status PF | Status PF | Status PF | Status PF | Status PF | Status PF
MTU2 430 ON 0.8 | ON 0.8 | ON 1 OFF 0 ON 0.8 | OFF 0
DOOSAN1 | 420 ON 1 ON 1 ON 1 ON 1 ON 0.8 | ON 1
DOOSAN2 | 420 ON 1 ON 1 ON 0.8 | ON 0.8 | ON 0.8 | ON 0.8
DOOSAN3 | 420 ON 0.8 | ON 1 ON 0.8 | ON 0.8 | ON 0.8 | ON 0.8
DOOSAN4 | 420 ON 0.8 | ON 0.8 | ON 0.8 | ON 0.8 | ON 0.8 | OFF 0
DOOSANS5 | 420 ON 1 ON 0.8 | ON 0.8 | ON 0.8 | ON 0.8 | OFF 0
VOLVO 220 ON 0.8 | OFF 0 ON 0.8 | OFF 0 ON 0.8 | OFF 0
MAN1 430 ON 0.8 | ON 0.8 | ON 0.8 | OFF 0 ON 0.8 | OFF 0
MTU1 650 ON 0.8 | OFF 0 ON 0.8 | OFF 0 ON 0.8 | OFF 0
MTU4 430 ON 0.8 | OFF 0 ON 0.8 | OFF 0 ON 0.8 | OFF 0
CAT 550 ON 0.8 | OFF 0 ON 0.8 | OFF 0 OFF 0 OFF 0
YANMAR 220 ON 0.8 | OFF 0 ON 1 OFF 0 ON 0.8 | OFF 0
MAN2 320 ON 0.8 | OFF 0 OFF 0 OFF 0 OFF 0 OFF 0
DEUTZ-1 180 ON 1 OFF 0 OFF 0 OFF 0 OFF 0 OFF 0
DEUTZ-2 180 ON 0.8 | OFF 0 ON 1 OFF 0 OFF 0 OFF 0
SWD-1 220 ON 1 OFF 0 OFF 0 OFF 0 OFF 0 OFF 0
SWD-2 220 ON 0.8 | OFF 0 OFF 0 OFF 0 OFF 0 OFF 0
SWD-3 220 OFF 0 | OFF 0 OFF 0 OFF 0 OFF 0 OFF 0
WTG 850 OFF 0 | OFF 0 ON 1 ON 1 ON 1 ON 1
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Legends:

Nodes

Branches

Line-Line Voltage, Magnitude [kV]
Voltage, Magnitude [p.u.]
Voltage, Angle [deg]

Active Power [MW]
Reactive Power [Mvar]
Current, Magnitude [kA]

Figure 3. Power flow display: high load without WTG(s). MTU 1 = slack bus
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Figure 4. Power flow display: low load without WTG(s). MAN 1 = slack bus

9

This report is available at no cost from the National Renewable Energy Laboratory (NREL) at www.nrel.gov/publications.

Aniacu EN



2.2.2 Power Flow with Wind Turbine Generator Installed

The system was also analyzed under the same two baseline scenarios with the two options
related to integrating one and two WTGs. The WTGs have capacities of 850 kW and output
voltages of 0.69 kV. The load flow analysis was performed under the same load conditions as the
baseline and for the same scenarios. The results are presented in Table 8.
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13

This report is available at no cost from the National Renewable Energy Laboratory (NREL) at www.nrel.gov/publications.




0061
00R

PS Inverter

® & &

DOCSANG DocoAM DOCAN3
Q0 00 1730

Figure 8. Power flow display: low load, with 2 WTGs. DOOSAN 3 = slack bus

14

This report is available at no cost from the National Renewable Energy Laboratory (NREL) at www.nrel.gov/publications.

ADIgSILEN



Table 8. Comparison of Different Load Flow Scenarios

High Load Scenario

Low Load Scenario

Without WTG(s) | With 1 WTG With 2 WTGs | Without WTG(s) | With 1 WTG With 2 WTGs
INPUT
Load, PF at Kambajawa | 3.494 MW, 09 | 3.494 MW, 0.9 3.494 MW, 0.9 | 1.691 MW, 0.95 | 1.691 Mw, 0.95 | 1-691MW,0.95
Load, PF at Waingapu | 2.084 MW, 0.9 | 2.084 MW, 0.9 2.084 MW, 0.9 | 1.009 MW, 0.95 | 1.009 MW, 0.95 | 1-009 MW,0.95
Load, PF at Haharu 0.104 MW, 0.85 | 0.104 Mw, 0.85 | 0104 MW, 085 | 551 mw, 0.85 | 0.051 Mw, 0.85 | 0-051 MW, 0.85
OUTPUT
Real Power Generated
by WTo) 0 0.85 MW 1.7 MW 0 0.85 MW 1.7 MW
Reactive Power
Conorated by WTGE) | © 0 MVAR 0 MVAR 0 0.085 MVAR 0 MVAR
Real Power Generated
by Kambajawa 4171 MW 3.988 MW 3.956 MW 2.779 MW 1.954 MW 1.198 MW
Generators
Reactive Power
Generated by 2.108 MVAR 2.64 MVAR 2.955 MVAR 1.022 MVAR 1.031 MVAR 1.095 MVAR
Kambajawa Generators
Real Power Generated | 4 5o pyy 0.94 MW 0.22 MW 0 0 0
by Waingapu Generators
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High Load Scenario

Low Load Scenario

Without WTG(s)

With 1 WTG

With 2 WTGs

Without WTG(s)

With 1 WTG

With 2 WTGs

Reactive Power
Generated by Waingapu
Generators

0.876 MVAR

0.412 MVAR

0.165 MVAR

PU Voltage at Haharu
(20 kV)

0.984

1.032

1.084

0.986

1.04

1.081

PU Voltage at MHaharu
(20 kV)

0.99

1.003

1.025

0.989

1.008

1.018

PU Voltage at
Kambajawa (20 kV)

0.992

0.996

1.009

0.99

0.999

1.001

PU Voltage at Waingapu
(20 kV)

0.989

0.988

0.997

0.984

0.994

0.996

Real Power Consumed
by Line between
Kambajawa and
MHaharu

0 MW

0.006 MW

0.025 MW

0 MW

0.007 MW

0.027 MW

Reactive Power
Consumed by Line
between Kambajawa
and MHaharu

0.004 MVAR

0.001 MVAR

0.01 MVAR

0.004 MVAR

0.001 MVAR

0.011 MVAR

Real Power Consumed
by Line between
MHaharu and Haharu

0.001 MW

0.022 MW

0.092 MW

0 MW

0.025 MW

0.1 MW

Reactive Power
Consumed by Line
between MHaharu and
Haharu

0.003 MVAR

0.005 MVAR

0.033 MVAR

0.004 MVAR

0.006 MVAR

0.036 MVAR
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High Load Scenario

Low Load Scenario

Without WTG(s)

With 1 WTG

With 2 WTGs

Without WTG(s)

With 1 WTG

With 2 WTGs

Real Power Consumed
by Line between
Kambajawa and
Waingapu

0.001 MW

0.007 MW

0.016 MW

0.004 MW

0.004 MW

0.004 MW

Reactive Power
Consumed by Line
between Kambajawa
and Waingapu

0.002 MVAR

0.005 MVAR

0.017 MVAR

0.001 MVAR

0.001 MVAR

0.001 MVAR

Haharu-Kambajawa Line
Loading in kA
(3.18 MVA)*

0.004

0.021

0.042

0.002

0.022

0.044

Kambajawa-Waingapu
Line Loading in KA
(7.4 MVA)*

0.016

0.05

0.059

0.031

0.031

0.031
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2.2.3 Results of Power Flow with Wind Turbine Generator Installed
The results indicate the following:

e The voltages at all buses are within the limits of the grid code.
e The loads on the transmission lines are within the thermal limits of the conductor.

From a load flow perspective, installing one or two 850-kW WTGs will not have any detrimental
impact on the grid.

2.3 Short-Circuit Analysis

Two types of short-circuit analyses were performed:
e Computation of the short-circuit power ratio to determine the strength of the grid at the
point of common coupling. See Section 2.3.1.
e Computation of the short-circuit contribution of the WTG(s). See Section 2.3.2.

2.3.1 Short-Circuit Fault at the Point of Common Coupling of the Wind Power
Plant (Before the Wind Turbine Generator Was Installed)

In the as-is scenario, the short-circuit power at the Haharu Bus (the point of common coupling of

the WTG) was computed.
Table 9. Comparison of Different Short-Circuit Scenarios When Shorted at the Point of Common
Coupling
Without WTG(s)
Three-Phase Three-Phase
Fault During Fault During
High Load Low Load
INPUT PARAMETERS
Generation at Kambajawa | 4.171 MW 2.779 MW
Generation at Waingapu 1.567 MW 0 MW
OUTPUT
Short-Circuit Power at 14.8 MVA 12.3 MVA
Haharu Bus
Short-Circuit Power Ratio | 17.41 14.47
at Haharu Bus (for 0.85-
MW WTG)
Short-Circuit Power Ratio | 8.71 7.24
at Haharu Bus (for two
0.85-MW WTG)
Fault Contribution from 11.3 MVA 12.3 MVA
Kambajawa Generators
Fault Contribution from 3.5 MVA 0 MVA
Waingapu Generator Set
18
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The terminology used in this section is explained as follows.

e The short-circuit power is actually the short-circuit apparent power output of the
generator with the unit MV A. This is an indication that during a short circuit, very low
“real power” is generated, and the “apparent power” is mostly consumed by the “reactive
power” developed by the short-circuit current in the generator, transformer, and line
reactances (Xs).

e The short-circuit power ratio (SCPR) is expressed per unit. The SCPR is 17.41 during
high load and 14.47 during low load for one WTG and half those values for those WTGs.
This is well above the SCPR requirement for connecting a wind turbine. In most grid
codes, the SCPR requirement is 5 or higher to avoid large fluctuations in voltage at the
point of common coupling when the wind power plant is off, connected during low wind
speeds, and connected during high wind speeds.
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Figure 9. Short-circuit analysis of the three-phase fault at the point of common coupling (high load)
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Figure 10. Short-circuit analysis of the three-phase fault at the point of common coupling (low load)
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2.3.2 Short-Circuit Fault at the Point of Common Coupling of the Wind Power
Plant (Before and After the Wind Turbine Generator Was Installed)

Table 10. Comparison of Short-Circuit Power Contribution by WTG(s)

High Load Low Load
Kambajawa Bus | Waingapu Bus | Kambajawa Bus | Waingapu Bus
Shorted Shorted Shorted Shorted
One 850-kW WTG
Short-Circuit Power at 41.8 MVA 34.1 MVA 30.8 MVA 26.4 MVA
Shorted Bus
Fault Contribution from 1.8 MVA 1.5 MVA 1.9 MVA 1.6 MVA
WTG Generator
Two 850-kW WTGs
Short-Circuit Power at 34 MVA 39.8 MVA 17.9 MVA 16.3 MVA
Shorted Bus
Fault Contribution from 2.8 MVA 3.4 MVA 3.6 MVA 3.2 MVA
WTGs

As expected, the short-circuit power contribution from the WTG is minimal. The conclusion is
that the MV A ratings of the existing protection systems and other existing equipment at the
substations should be sufficient to accommodate the integration of one or two 850-kW WTGs.

2.4 Guidelines to Identify and Resolve Unacceptable Differences

The tables below were used to identify and resolve unacceptable differences in the steady-state
model validation process.

Note that Table 11 contains the acceptable range of voltage, frequency, and power factor in a
distribution network of 20 kV or lower voltage for renewable energy generation plants that have
a nameplate capacity 10 MW or less.?

Table 11. Guidelines to Identify Acceptable Differences for 20kV network

Quantity Acceptable Differences
85% to 110%
51t047.5Hz

0.9 leading to 0.85 lagging

Bus Voltage Magnitude

Frequency

Power factor

3 “Guidelines for Connecting Renewable Energy Generation Plants (REGP) to PLN’s Distribution System,” Feb
2014, approved by PLN Board of Directors as DK. Dir. PLN No0.0357/2014.
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Table 12. Guidelines to Resolve Unacceptable Differences

Quantity Resolution Guidelines
Bus Voltage Magnitude Verify that the generation should be modeled as gross instead of net
values.

Real Power Flow i ) i
Verify that shunt capacitors are sized correctly.

Verify that all state estimator loads are accounted for.

Verify that the network configuration is modeled appropriately based on the
circuit breaker and switch status (e.g., does a bus need to be modeled as
a split bus due to an open circuit?).

Verify that the modeled line and transformer impedances are correct.

Verify that no-load tap changers are modeled appropriately for all
transformers.

Verify that all other system elements are modeled appropriately.

Consider whether PI data should be used when state estimator data are
questionable.

Consider whether differences are caused by measurement error.

Reactive Power Flow
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3 Dynamic System Analyses

3.1 The Process

The process used to analyze the dynamic system model was based on the North American
Electric Reliability Corporation’s Procedures for Validation of Powerflow and Dynamics Cases.
Some changes were made based on engineering judgment.

In essence, we analyzed the dynamic system by using the system conditions recorded on a
specific day and time as model inputs to see if the resultant model outputs (bus voltages and real
and reactive power flows) matched the corresponding recorded system conditions. More
importantly, we needed to analyze the pre-fault and post-fault conditions (voltage, frequency,
and overloaded lines or transformers) at important buses.

Various contingencies should be considered in discussions with the utility companies.
Consideration should be given to the highest probability based on historic data recorded by PLN.
Some examples of contingencies for peak and light loads with and without WTGs should be
included. For example:

e Disconnection of WTG (light/high wind scenarios)

e Disconnection of the partial loads at buses

e Disconnection of one or several diesel generator sets

e Faults at buses.

For this analysis, we used PowerFactory’s electromechanical transient simulation method using
root mean square values. In this method, the A-Stable algorithm with automatic step size
adaptation was used.

3.2 Dynamic Data of Grid Elements

The data used for the dynamic simulation are in Appendix D. For the elements for which
complete dynamic data were not provided by PLN or are not available for East Sumba, we used
generic dynamic data.

3.2.1 Transient Faults and Power System Conditions
The following cases were examined:

e Pre-fault: Baseline, no WTG (peak load and off-peak load). This is labeled “No Wind
High Load” and “No Wind Low Load”

e Pre-fault: Single WTG is installed (peak load and off-peak load). This is labeled “High
Wind High Load” and “High Wind Low Load”

e The term fault is used to describe disturbances caused by short circuits or the
disconnection of a load or generator.

e Fault analysis followed by:

o Self-clearing (no load, no generator, no lines were disconnected). It is assumed
that the fault self-clears before the circuit breaker is activated.
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o No self-clearing. These cases are labeled “no self-clearing.” It is assumed that the
fault/disturbance persisted with no attempt to clear the fault/disturbance. If a fault
is not isolated, eventually the power system may lead to a blackout.

The duration of the fault was chosen to be 9 cycles, or 0.18 s, as commonly used in the United
States.

The first set of faults analyzed were faults at each of the three buses: Haharu, Kambajawa, and
Waingapu.

3.2.2 Loss of Partial Load

A disturbance that may cause a loss of load is generally caused by an overload or fault. It is
usually a sequence of events that occurs because of the system protection. The most likely
scenario is the removal of lines connected to a group of loads, and thus the impact is represented
by the loss of loads. Because the size of the total generation is approximately 6 MW during peak
load and 3.8 MW during off-peak load, the size chosen to represent the loss of load was 400 kW,
which is about the size of a typical diesel generator set in East Sumba. Instead of an exact 400-
kW load loss, DIgSILENT allows load loss to be specified only as a percent. The table below
contains the load loss scenarios.

Table 13. Load Loss Scenarios

Bus Scenario High Load (MW) | Low Load (MW)
Before Fault | 0.104 0.069
Haharu After Fault 0 0
Loss (100%) | 0.104 0.069
Before Fault | 3.494 2.085
Kambajawa | After Fault 2.981 1.776
Loss (15%) | 0.513 0.309
Before Fault | 2.084 1.782
Waingapu | After Fault 1.676 1.434
Loss (20%) | 0.408 0.348

3.2.3 Loss of Partial Generation

In this scenario, it was assumed that the loss of generation was equivalent to the loss of a single
diesel generator, and the typical size of a diesel generator in East Sumba is 400 kW. Thus, the
loss of a generator was chosen to be 400 kW. On the Kambajawa and Waingapu buses, one
generator represented the group of generators that would stay connected during and after the
disturbance, whereas the second generator (400 kW) represented the generator that was
disconnected during the disturbance.

3.3 Voltage and Frequency Limits in Study

PLN in East Sumba provided some of the limits for acceptable voltage and frequency in the grid;
engineering judgment was used for the rest. Following are the limits used for the study:
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e The voltage operation limits are defined on £10% of the nominal voltages.

e The limits of the frequency operation for all components of the grid are defined from
0.97-1.03 p.u.

e The limits of the low-voltage operation for the WTGs are defined on 0.9 p.u. for 60 s and
0.85 p.u. for 11 s.

e The limits of the high-voltage operation for the WTGs are defined on 1.1 p.u. for 60 s,
1.15 p.u. for 2 s, and 1.2 p.u. for 80 ms.

e The limits of the low and high frequency operation for the WTGs are defined as 47 Hz
and 53 Hz for 200 ms.

e The limits of the voltage operation for the diesel generation are defined from 0.9-1.1 p.u.

e The limits of the frequency operation for the diesel generation are defined from 47-53 Hz
for 200 ms.

e Higher priority is given to wind generation than diesel generation whenever the wind is
available. For all of the scenarios considered, no unacceptable situations were identified.

3.4 Scenarios for the Integration of One 850-kW Wind Turbine
Generator

A summary of the transient analysis of the scenarios and the observed performance of the

network are presented in Table 14. These figures are contained in Appendix E. The highlighted

case numbers (bold and underlined) correspond to instability; the type of instability is explained

in the observations column.

Table 14. Scenarios and Observations for the Dynamic System Impact Analysis of the Integration
of One WTG

Case # Scenarios Exhibit # Observations

Three-phase-to-ground fault at Haharu Bus. The fault is created at 1 s, and it self-clears at 1.18 s.

1 No Wind High Load Figure E-1 System is stable
and E-2 Line loadings are within limits

Voltage drops to about 0.65 p.u. at the
buses during the fault and recovers in
0.18 s

Frequency drops to 0.97 p.u. and
recovers in about 12 s

2 No Wind Low Load Figure E-3, E- | System is stable

4 Line loadings are within limits

Voltage drops to below 0.625 p.u. at
the buses during the fault and recovers
in0.18 s
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Case # Scenarios Exhibit # Observations
3 High Wind High Load | Figure E-5, E- | System is stable
6 and E-7 Line loadings are within limits
Frequency drops to 0.965 p.u. and
recovers in about 2.5 s
Bus voltages dip below 0.60 p.u. at the
K and W buses
Terminal voltage and power outputs of
generators are stable
4 High Wind Low Load Figure E-8, E- | System is stable
9 and E-10

Line loadings are within limits

Frequency drops to 0.96 p.u. and
recovers in about 2.0 s

Bus voltages dip below 0.45 p.u. at the
Kand W buses

Terminal voltage and power outputs of
generators are stable

1.18 s.

Three-phase-to-ground fault at Kambajawa Bus. The fault is created at 1 s, and it self-clears at

5

No Wind High Load

Figure E-11
and E-12

System is stable
Line loadings are within limits

Terminal voltage at generators drops
to below 0.3 p.u. during fault

Bus voltages at Haharu and Waingapu
drop to below 0.1 p.u. during fault
Voltage recovers soon after the fault
clears

No Wind Low Load

Figure E-13

System is stable

Line loadings are within limits
Terminal voltage at generators drops
to below 0.3 p.u. during fault

Bus voltages at Haharu and Waingapu
drop to below 0.1 p.u. during fault

Voltage recovers soon after the fault
clears

High Wind High Load

Figure E-14
and E-15

System is stable
Line loadings are within limits

Frequency drops to 0.99 p.u. and
recovers in about 2.5 s

Bus voltages dip below 0.10 p.u. at the
Kand W buses

Terminal voltage and power outputs of
generators are stable

This report is available at no cost from the National Renewable Energy Laboratory (NREL) at www.nrel.gov/publications.
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Case # Scenarios Exhibit # Observations
8 High Wind Low Load Figure E-16 System is stable
and E-17

Line loadings are within limits

Frequency drops to 0.99 p.u. and
recovers in about 8.0 s

Bus voltages dip below 0.2 p.u. at the
Kand W buses

Terminal voltage and power outputs of
generators are stable

Three-phase-to-ground fault at Waingapu Bus. The fault is

S.

created at 1 s, and it self-clears at 1.18

9

No Wind High Load

Figure E-18
and E-19

Terminal voltage at generators drops
to just above 0.1 p.u. during fault

Bus voltages at Haharu and
Kambajawa drop to below 0.2 p.u.
during fault

Voltage recovers soon after the fault
clears

10

No Wind Low Load

Figure E-20

Terminal voltage at generators drops
to just above 0.1 p.u. during fault
Bus voltages at Haharu and
Kambajawa drop to below 0.2 p.u.
during fault

Voltage recovers soon after the fault
clears

11

High Wind High Load

Figure E-21
and E-22

Terminal voltage at generators drops
to just above 0.3 p.u. during fault

Bus voltages at Haharu and
Kambajawa drop to below 0.2 p.u.
during fault

Voltage recovers soon after the fault
clears

12

High Wind Low Load

Figure E-23
and E-24

Terminal voltage at generators drops
to just above 0.3 p.u. during fault

Bus voltages at Haharu and
Kambajawa drop to below 0.2 p.u.
during fault

Voltage recovers soon after the fault
clears

WTG outage. T

he fault is created at 1 s,

and it self-clears a

t1.18 s.

13 High Wind High Load | Figure E-25, System is stable
E-26 and E-27 | | ine loadings, voltages, and frequency
are within limits
Voltage transient at Haharu bus
WTG power output transient after the
fault clears
28
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Case # Scenarios Exhibit # Observations

14 High Wind Low Load Figure E-28 System is stable

and E-29 Line loadings, voltages, and frequency
are within limits

Voltage transient at Haharu bus

WTG power output transient after the
fault clears

WTG outage. The fault is created at 1 s, and it does not clear.

15 High Wind High Load | Figure E-30, Loss of synchronism is noticed for this
E-31 and E-32 | case. This is expected because the
loss of 850 kW of wind power with no
self-clearing is a large loss of
generation in the grid from which the
grid cannot recover.

Storage units with the WTGs will
alleviate the situation by providing
temporary power until additional diesel
generators are dispatched to
compensate for the large loss of

generation.
16 High Wind Low Load Figure E-33 Loss of synchronism is noticed for this
and E-34 case. This is expected because the

loss of 850 kW of wind power with no
self-clearing is a large loss of
generation in the grid from which the
grid cannot recover.

Storage units in parallel with the WTGs
will alleviate the situation by providing
temporary power until additional diesel
generators are dispatched to
compensate for the large loss of
generation.

Partial generator outage at Kambajawa Bus. The fault is created at 1 s, and it self-clears at 1.18 s.

17 No Wind High Load Figure E-35 System is stable
and E-36 Line loadings, voltages, and frequency
are within limits
18 No Wind Low Load Figure E-37 System is stable
Line loadings and voltages are within
limits

After the fault, the frequency goes to
1.015 p.u. and 0.985 p.u., slightly
outside the allowable range.

19 High Wind High Load | Figure E-38 System is stable
and E-39 Line loadings and voltages are within
limits

After the fault, the frequency goes to
1.015 p.u. and 0.985 p.u., slightly
outside the allowable range.
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Case # Scenarios Exhibit # Observations
20 High Wind Low Load Figure E-40 System is stable
and E-41

Line loadings and voltages are within
limits

After the fault, the frequency goes to
1.015 p.u. and 0.985 p.u., slightly
outside the allowable range.

Partial generator outage at Kambajawa Bus. The faultis ¢

reated at 1 s, and it does not clear.

21 No Wind High Load Figure E-42 System is unstable
and E-43 After the fault, the frequency keeps
dropping, and a frequency runaway is
observed.
22 No Wind Low Load Figure E-44 System is unstable
After the fault, the frequency keeps
dropping, and a frequency runaway is
observed.
23 High Wind High Load | Figure E-45 System is unstable
and E-46 After the fault, the frequency keeps
dropping, and a frequency runaway is
observed.
24 High Wind Low Load Figure E-47 System is unstable
and E-48

After the fault, the frequency keeps
dropping, and a frequency runaway is
observed.

The bus and generator terminal
voltage also keep dropping.

Partial generator outage at Waingapu Bus. The fault is created at 1 s, and it self-clears at 1.18 s.

25 No Wind High Load Figure E-49 System is stable
and E-50 Line loadings, frequency, and bus
voltages are within limits
26 High Wind High Load | Figure E-51 System is stable
and E-52

Line loadings and bus voltages are
within limits

During the fault, the frequency goes
outside the 1% band twice but damps
out after 1 s of fault.

Partial generator outage at Waingapu Bus. The fault is created at 1 s, and it does not clear.

27

No Wind High Load

Figure E-53
and E-54

System is unstable

After the fault, the frequency keeps
dropping, and a frequency runaway is
observed.

In this case, there is insufficient

headroom in the dispatched
generators.

This report is available at no cost from the National Renewable Energy Laboratory (NREL) at www.nrel.gov/publications.
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28 High Wind High Load | Figure E-55 System is unstable
and E-56

After the fault, the frequency keeps
dropping, and a frequency runaway is
observed.

In this case, there is insufficient
headroom in the dispatched
generators.

Load loss at Ha

haru Bus. The fault is created at 1 s, and it

self-clears at 1.18 s.

29 No Wind High Load Figure E-57 System is stable
and E-58 Line loadings, voltages, and frequency
are well within limits
30 No Wind Low Load Figure E-59 System is stable
Line loadings, voltages, and frequency
are well within limits
31 High Wind High Load | Figure E-60 System is stable
and E-61 Line loadings, voltages, and frequency
are well within limits
32 High Wind Low Load Figure E-62 System is stable
and E-63

Line loadings, voltages, and frequency
are well within limits

Load loss at Ha

haru Bus. The fault is created at 1 s, and it

does not clear.

33 No Wind High Load Figure E-64 System is stable
and E-65 Line loadings, voltages, and frequency
are well within limits
34 No Wind Low Load Figure E-66 System is stable
Line loadings, voltages, and frequency
are well within limits
35 High Wind High Load | Figure E-67 System is stable
and E-68 Line loadings, voltages, and frequency
are well within limits
36 High Wind Low Load Figure E-69 System is stable
and E-70

Line loadings, voltages, and frequency
are well within limits

Load loss at Ka

mbajawa Bus. The fault is created at 1 s, and it self-clears at 1.18 s.

This report is available at no cost from the National Renewable Energy Laboratory (NREL) at www.nrel.gov/publications.

37 No Wind High Load Figure E-71 System is stable
and E-72 Line loadings, voltages, and frequency
are well within limits
38 No Wind Low Load Figure E-73 System is stable
Line loadings, voltages, and frequency
are well within limits
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39 High Wind High Load | Figure E-74 System is stable
and E-75 Line loadings, voltages, and frequency
are well within limits
40 High Wind Low Load Figure E-76 System is stable
and E-77

Line loadings, voltages, and frequency
are well within limits

Load loss at Ka

mbajawa Bus. The fault is created at 1 s, and it does not clear.

41 No Wind High Load Figure E-78 System is stable
and E-79 Line loadings, voltages, and frequency
are well within limits
42 No Wind Low Load Figure E-80 System is stable
Line loadings, voltages, and frequency
are well within limits
43 High Wind High Load | Figure E-81 System is stable
and E-82 Line loadings, voltages, and frequency
are well within limits
44 High Wind Low Load Figure E-83 System is stable
and E-84

Line loadings, voltages, and frequency
are well within limits

Load loss at Waingapu Bus. The fault is created at 1 s, an

d it self-clears at 1.18 s.

45 No Wind High Load Figure E-85 System is stable
and E-86 Line loadings, voltages, and frequency
are well within limits
46 No Wind Low Load Figure E-87 System is stable
Line loadings, voltages, and frequency
are well within limits
47 High Wind High Load | Figure E-88 System is stable
and E-89 Line loadings, voltages, and frequency
are well within limits
48 High Wind Low Load Figure E-90 System is stable
and E-91

Line loadings, voltages, and frequency
are well within limits

Load loss at Waingapu Bus. The fault is created at 1 s, an

d it does not clear.

This report is available at no cost from the National Renewable Energy Laboratory (NREL) at www.nrel.gov/publications.

49 No Wind High Load Figure E-92 System is stable
and E-93 Line loadings, voltages, and frequency
are well within limits
50 No Wind Low Load Figure E-94 System is stable
Line loadings, voltages, and frequency
are well within limits
51 High Wind High Load | Figure E-95 System is stable
and E-96 Line loadings, voltages, and frequency
are well within limits
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52 High Wind Low Load Figure E-97 System is stable
and E-98

Line loadings, voltages, and frequency
are well within limits

180 ms.

Short-circuit at Kambajawa-Haharu Transmission Line. The fault is created at 1 s, and it clears in

53

No Wind High Load

Figure E-99
and E-100

There is islanding of Haharu; the
Haharu load will go offline for 180 ms.

After the fault clears, the system is
stable.

The frequency drops to 0.97 p.u.,
which is outside the acceptable range,
for less than 4 s and then returns to a
normal level.

54

No Wind Low Load

Figure E-101

There is islanding of Haharu; the
Haharu load will go offline for 180 ms.

After the fault clears, the system is
stable.

The frequency drops to 0.97 p.u.,
which is outside the acceptable range,
for less than 4 s and then returns to a
normal level.

55

High Wind High Load

Figure E-102
and E-103

There is islanding of Haharu; the
Haharu load will go offline for 180 ms.
Frequency drops to 0.97 p.u., which is
outside the acceptable range, for less
than 4 s and then returns to a normal
level

WTG stays connected

56

High Wind Low Load

Figure E-104
and E-105

There is islanding of Haharu; the
Haharu load will go offline for 180 ms.
Frequency drops to 0.97 p.u., which is
outside the acceptable range, for less
than 4 s and then returns to a normal
level

WTG stays connected

Short-circuit at Kambajawa-Haharu Transmission Line. Th

e fault is created at 1 s, and it does not

This report is available at no cost from the National Renewable Energy Laboratory (NREL) at www.nrel.gov/publications.

clear.
57 No Wind High Load Figure E-106 Relays are not modeled, therefore a
and E-107 sustained short-circuit fault on the
transmission line causes a loss of
synchronism.

58 No Wind Low Load Figure E-108 Relays are not modeled, therefore a
sustained short-circuit fault on the
transmission line causes a loss of
synchronism.
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59 High Wind High Load | Figure E-109 Relays are not modeled, therefore a
and E-110 sustained short-circuit fault on the
transmission line causes a loss of
synchronism.
WTG shuts down
60 High Wind Low Load Figure E-111 Relays are not modeled, therefore a
and E-112 sustained short-circuit fault on the

transmission line causes a loss of
synchronism.

WTG shuts down

Short-circuit at Kambajawa-Waingapu Transmission Line.
clears in 180 ms.

The fault is created at 1 s, and it self-

61

No Wind High Load

Figure E-113
and E-114

There is islanding of Waingapu
After the fault clears, system is stable

Line loadings, voltages, and frequency
are within limits

No Wind Low Load

Figure E-115

There is islanding of Waingapu; the
Waingapu load will go offline for 180
ms.

After the fault clears, system is not
stable

Voltages at all the buses go to zero
System loses synchronism

63

High Wind High Load

Figure E-116
and E-117

There is islanding of Waingapu
After the fault clears, system is stable

Line loadings, voltages, and frequency
are within limits

64

High Wind Low Load

Figure E-118
and E-119

There is islanding of Waingapu
After the fault clears, system is stable

Line loadings, voltages, and frequency
are within limits

Short-circuit at Kambajawa-Waingapu Transmission Line. The fault is created at 1 s, and it does

not clear.
65 No Wind High Load Figure E-120 Relays are not modeled, therefore a
and E-121 sustained short-circuit fault on the
transmission line causes a loss of
synchronism.

66 No Wind Low Load Figure E-122 Relays are not modeled, therefore a
sustained short-circuit fault on the
transmission line causes a loss of
synchronism.

67 High Wind High Load | Figure E-123 Relays are not modeled, therefore a

and E-124 sustained short-circuit fault on the
transmission line causes a loss of
synchronism.
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68 High Wind Low Load Figure E-125 Relays are not modeled, therefore a
and E-126 sustained short-circuit fault on the
transmission line causes a loss of
synchronism.

3.5 Analysis of the System with the Addition of Storage

The scope of this study included an analysis of storage as a method to overcome the instability of
the East Sumba system with the integration of one or two 850-kW WTGs. ABB’s PowerStore
energy storage (ES) system is used in the analysis. A control model provided by ABB for the ES
system was used. It was modeled as a current source, and it independently and instantaneously
controls active (Ir) and reactive (I1) components of the current. The active power-frequency (P-f)
controller and reactive power-voltage (Q-V) controller take as input grid frequency and terminal
voltage and produce active and reactive current components. The active power-frequency
controller provides inertial (rate of change of frequency) and droop (change of frequency)
supports. Two types of ES units are available in the PowerStore: Flywheel and Li-ion battery.

Note that even without a WTG on the grid, most of the scenarios cause instability, as shown in
the trip report for 2014 (provided by PLN), which indicates that the number of blackouts and trip
is high (about one per day). Preliminary analysis of the trip report suggests that this is because of
the following reasons: (1) the faults do not clear within the specified setting time of the circuit
breakers, (2) generators are dispatched with low headroom (low spinning reserves), (3) a lack of
vegetation management causes overhang on the transmission lines, and (4) the fleet of diesel
generators is old. Independent of the introduction of 850-kW WTGs, improvements to (1)—(4)
and the introduction of storage will reduce the number of blackouts and trips and thereby
improve the reliability of the system.

For the dynamic analysis with storage, the following parameter were assumed:

o A 550-kW CAT C32 diesel generator at the Waingapu station is available as a backup
generator with an auto-start switch. One or more such generators may be required.

e There is a basic supervisory control system that monitors disturbances and sends an auto-
start signal to the backup generator above for a predefined list of disturbances (system
parameters).

e The backup generator has a cold-start time of 10 s, which means that it is able to start,
synchronize with the grid, and deliver full power within 10 s.

The primary utility of storage analyzed in the scenarios is the delivery of energy during the time
gap between the occurrence of a disturbance and start of the reserve generator. The other well-
known utility of short-duration storage is to smooth out the short-term variability of wind power
and smooth out the load on the diesel generators during ramping up and down of wind power.
For 850 kW of wind power in East Sumba, the current set of diesel generators (with assumed
inertia, automatic voltage regulation, and governor models) is able to manage the variability and
ramping needs (analysis results shown in Appendix E, Figures E-127 to E-136). However, note
that the age of the generators strongly suggests that additional variability beyond that caused by
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current load variations may lead to higher scheduled and unscheduled maintenance. Therefore,
the addition of storage would add to the reliability and resiliency of the grid.

Table 15 contains results of the stability study of different scenarios after the addition of a
storage unit. This analysis was conducted by the ABB consulting office in Madrid. The full
report is attached as Appendix F.

To determine the optimal size of the storage unit, the following information was used: (1) the
amount of power required to replace the loss of generation during a major fault in the system and
the available rotating inertia in the system, and (2) the length of time the power should be
supplied until the backup generation is online. The following illustration is for a single 850-kW
WTG. The same process was conducted for two WTGs.

1. The critical fault considered in this study was the loss of a WTG (850 kW). The
headroom available from the scheduled generators during the high and low load scenarios
was 597.8 kW and 377.3 kW, respectively. That is, the dispatched generators were able
to increase their power output by an amount equal to the headroom. Therefore, there was
a gap of 252.1 kW and 472 kW in the high and low load scenarios, respectively, that must
be supplied by the storage unit to stabilize the system. Hence, a storage unit with a power
capacity of 500 kW was chosen.

2. To determine how long the unit would need to supply this power, the cold-start time of
the backup generator needed to be considered. As indicated, a backup generator with a
“rated” cold-start time of 10 s was used. Because this generator was 15 years old, the
cold-start time was stretched to 30 s, which included the times for cold-start,
synchronization, and ramping up to full capacity. The energy capacity of the storage unit
was

500 kW x (30/3600) hours =4.17 kWh

The size of the storage unit for integrating two 850-kW WTGs at the Haharu Bus in the eastern
grid of Sumba is described below.

1. The critical fault considered in this study was the loss of both WTGs (1,700 kW). Based
on the available headroom and the assumption that the storage units are sold in
increments of 500 kW, a storage unit with a total power capacity of 1,500 kW was
chosen.

2. To determine how long the storage unit would need to supply this power, the 10-s cold-
start backup generator was supplemented with other backup generators with 60-s start-up
times. Considering this situation, the storage supply’s energy content should be for 60 s:

1,500 kW x (60/3600) h =25 kWh

Therefore, an energy storage unit with a power and energy capacity of 500 kW and 4.17 kWh,
respectively, for the case of integrating a single WTG and 1,500 kW and 25 kWh, respectively,
for the case of integrating two WTGs were chosen. The selection of the storage (flywheel,
battery technology—Iithium-ion [Li-ion], lead acid, or other chemistry) and detailed
specification and sizing of the storage are not within the scope of this project. The above
specified ratings are the requirement for storage; however, note that commercially available
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storage units of 500 kW and 1,500 kW will have much larger energy content. For example, the
Beacon Flywheel of 500 kW has an energy content of 50 kWh, a SAFT IM20P Li-ion 500-kW
battery has an energy content of approximately 160 kWh, the Beacon Flywheel of 1,500 kW has
an energy content of 150 kWh, and a SAFT IM20P Li-ion 1,500-kW battery has an energy
content of approximately 500 kWh.
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Figure 11. Power flow display: high load with WTG and PowerStore. MTU1 = slack bus
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The figures mentioned in Table 15 for cases 1 to 6 are contained in Appendix F, the dynamic
system impact study conducted by ABB. Figures for cases 7 to 10 are contained in Appendix E,
the dynamic system impact study conducted by IWE.

Table 15. Scenarios and Observations for the Dynamic System Impact Analysis with Storage (ABB
PowerStore)

Case # Scenarios Exhibit # Observations
Loss of Diesel Generator (650 kW)

1 High Wind High Load | Figure 4 The stability support equipment
(Appendix F) supplies power (400 kW) for 10 s, until
the designated generator CAT C32
comes into operation and stabilizes the
system.

The frequency and voltage fall but are
stabilized to an acceptable value.

The system is stable.

2 High Wind Low Load Figure 7 The stability support equipment
(Appendix F) supplies power (400 kW) for 10 s, until
the designated generator CAT C32
comes into operation and stabilizes the
system.

The frequency and voltage fall but are
stabilized to an acceptable value.

Without the use of the stability support
equipment, the system does not
withstand the fault because the
frequency drops so sharply that the
WTG is also lost, and there is not
enough time to put the backup
generator into service.

Load Loss

3 High Wind High Load | Figure 5 The loss of the largest load (3,494 kW)
(Appendix F) is simulated, then the stability support
equipment absorbs power (200 kW) for
10 s and stabilizes the system, so the
system is stable for this case.

The use of the stability support
equipment is not decisive for the
system stability of this case because
the generators quickly change their
operating point.
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Case #

Scenarios

Exhibit #

Observations

High Wind Low Load

Figure 8
(Appendix F)

The loss of the largest load (1,691 kW)
is simulated, then the stability support
equipment absorbs power (330 kW) for
10 s and stabilizes the system, so the
system is stable for this case.

The use of the stability support
equipment is not decisive for the
system stability of this case because
the generators quickly change their
operating point.

Loss of Wind Generator (850 kW)

5

High Wind High Load

Figure 6
(Appendix F)

The stability support equipment
supplies power (400 kW) for 10 s, until
the backup generators start and
stabilize the system.

Without the use of the stability support
equipment, the system is not stable
because the frequency drops so
sharply that the backup generator does
not have enough power to compensate
for the loss of generation and stabilize
the system frequency.

High Wind Low Load

Figure 9
(Appendix F)

The stability support equipment
supplies power (500 kW) for 10 s, until
the backup generator starts and
stabilizes the system.

Without the use of the stability support
equipment, the system is not stable
because the frequency drops so
sharply that the backup generator does
not have enough power to compensate
for the loss generation and stabilize the
system frequency.

Random output

of WTG

7

High Wind High Load

Figure E-127,
E-128 and E-
129

Randomness in the output of the WTG
causes the output of the diesel
generators to vary by 5% for the
generator sets that have no headroom
and close to 10% for generator set that
has headroom. The difference is
provided by PowerStore. The
frequency and voltage variations are
within range.

High Wind Low Load

Figure E-130
and E-131

Randomness in the output of the WTG
causes the output of the two diesel
generators to vary by 2.5%. (The
generator sets have no headroom.)
The difference is provided by
PowerStore. The frequency and
voltage variations are within range.

This report is available at no cost from the National Renewable Energy Laboratory (NREL) at www.nrel.gov/publications.
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Ramping down of WTG output

9 High Wind High Load | Figure E-132, | During the ramping down of the WTG
E-133 and E- | output, the diesel generator set that
134 has headroom and PowerStore share
in ramping up the power output.
10 High Wind Low Load Figure E-135 During the ramping down of the WTG
and E-136 output, the diesel generator set that

has headroom and PowerStore share
in ramping up the power output. After
18 s, the diesel generator set reaches
its peak output, after which PowerStore
provides the full ramp-up.

The system was found unstable under the following fault scenarios as well: a short circuit at the
Kambajawa-Haharu Transmission Line with no clearing and a short circuit at the Kambajawa-
Waingapu Transmission Line with no clearing. If the fault does not clear in 180 ms, the system
loses its synchronism. To resolve this issue, the protection relays need to be programmed to
isolate the fault.

3.6 Scenarios for the Integration of Two 850-kW Wind Turbine
Generators

The figures mentioned in Table 16 are contained in Appendix G. The values contained in the
graphs are summarized below.

Table 16. Scenarios and Observations for Dynamic System Impact Analysis for the Integration of

Two WTGs
Case # Scenarios Exhibit # Observations
Three-phase-to-ground fault at Kambajawa Bus. The fault was created at 1 s, and it self-clears at
1.18 s.
1 High Wind Figure G-1, | System is stable
High Load G-2and G-3 | |ine loadings are within limits
Low-voltage ride-through capability of the WTG
prevents it from going offline
WTG recovers to normal operation quickly after
the fault clears
2 High Wind Low | Figure G-4 System is stable

Load and G-5 Line loadings are within limits

Low-voltage ride-through capability of the WTG
prevents it from going offline

WTG recovers to normal operation quickly after
the fault clears
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3 High Wind Figure G-6 System is stable
High Load and G-7 Line loadings are within limits.
With Terminal volt d tputs of
PowerStore erminal voltage and power outputs o
generators are stable
PowerStore supplies power during the fault
4 High Wind Low | Figure G-8 System is stable
'F->Oad Vé'tth and G-9 Line loadings are within limits
owerstore Bus voltages dip below 0.50 p.u. at the H and W
buses

PowerStore supplies power during the fault,
when the WTGs are down

Three-phase-to-ground fault at Waingapu Bus. The fault was created at 1 s, and it self-clears at

1.18 s.
5 High Wind Figure G-10, | System is stable
High Load ?2-11 and G- | |ine loadings are within limits
Low-voltage ride-through capability of the WTG
prevents it from going offline
WTG recovers to normal operation quickly after
the fault clears
6 High Wind Low | Figure G-13 | System is stable
Load and G-14 Line loadings are within limits
Low-voltage ride-through capability of the WTG
prevents it from going offline
WTG recovers to normal operation quickly after
the fault clears
7 High Wind Figure G-15 | System is stable
High Load and G-16 Line loadings are within limits.
With Terminal voltage and tputs of
PowerStore erminal voltage and power outputs o
generators are stable
PowerStore supplies power during the fault
8 High Wind Low | Figure G-17 | System is stable
Load Vé'th and G-18 Line loadings are within limits
PowerStore Bus voltages dip below 0.50 p.u. at the Hand W
buses

PowerStore supplies power during the fault,
when the WTGs are down

Outage of two WTGs. The fault is created at 1 s, and it does not clear.

9 High Wind Figure G-19, | The frequency keeps falling after the fault, and
High Load G-20 and G- | there is a loss of synchronism in the
21 system. This is expected, because the loss of

two 850-kW WTGs with no self-clearing is a
large loss of generation from which the grid
cannot recover.
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10 High Wind Low | Figure G-22 | The frequency keeps falling after the fault, and
Load and G-23 there is a loss of synchronism in the

system. This is expected, because the loss of
two 850-kW WTGs with no self-clearing is a
large loss of generation from which the grid
cannot recover.

11 High Wind Figure G-24 | PowerStore supplies power when the two 0.85-
High Load and G-25 MW WTGs go down. It supplies approximately
With 1.5 MW of active power until the designated
PowerStore generator, CAT C32, starts supplying 0.55 MW

of power at 10 s. This reduces the contribution
of PowerStore to 0.95 MW.

After 30 s, when the PowerStore is depleted,
there is a frequency runaway because there is a
large loss of power.

To prevent a frequency runaway, two additional
CAT C32 generators of 0.55-kW capacity with
10-s cold-start times are required in reserve, or
a plan to implement load shedding in such
cases is required.

12 High Wind Low | Figure G-26 | PowerStore supplies power when the two 0.85-
Load With and G-27 MW WTGs go down. It supplies approximately
PowerStore 1.8 MW of active power until the designated

generator, CAT C32, starts supplying 0.55 MW
of power at 10 s. This reduces the contribution
of PowerStore to 1.2 MW.

After 30 s, when the PowerStore is depleted,
there is a frequency runaway because there is a
large loss of power.

To prevent a frequency runaway, two additional
CAT C32 generators with capacities of 0.55 kW
and 10-s cold-start times are required in
reserve, or a plan to implement load shedding in
such cases is required.

Generator outage at Kambajawa Bus. The fault was created at 1 s, and it does not clear.

13 High Wind Figure G-28, | A frequency runaway is observed because the
High Load G-29 and G- | system loses 650 kW of generation.
30 Not enough headroom is available to

compensate for this loss.

Because of this, the frequency falls for 10 s by
an amount large enough to cause the WTGs to
disconnect. This results in a loss of power of
2.35 MW in the system.

So when the CAT C32 generator starts
supplying power at 10 s, the generator is not
able to synchronize, and the system as a whole
loses synchronism.
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14 High Wind Low | Figure G-31 | A frequency runaway is observed because the
Load and G-32 system loses 420 kW of generation.

There is not enough headroom available to
compensate for this loss.

Because of this, the frequency falls for 10 s by
an amount large enough to cause the WTGs to
disconnect. This results in a loss of power of
2.35 MW in the system.

So when the CAT C32 generator starts
supplying power at 10 s, the generator is not
able to synchronize, and the system as a whole
loses synchronism.

15 High Wind Figure G-33 | At the fault, the PowerStore starts supplying
High Load and G-34 approximately 600 kW.
With This stabilizes the system until the reserve
PowerStore generator, CAT C32, starts supplying power at
10 s.

At 30 s, when the PowerStore shut down, the
system is still stable.

16 High Wind Low | Figure G-35 | At the fault, the PowerStore starts supplying
Load With and G-36 approximately 500 kW.
PowerStore This stabilizes the system until the reserve
generator, CAT C32, starts supplying power at
10 s.

There is enough power generation available in
the system to compensate for this loss.

Load loss at Kambajawa Bus. The fault was created at 1 s, and it does not clear.

17 High Wind Figure G-37, | Aload of 3.494 MW is lost at 1 s at the
High Load G-38 and G- | Kambajawa Bus.
39 The bus frequency increases to 1.04 p.u. and
bus voltages by 0.02 p.u., but overall the system
stable.

As shown, the generators reduce their
generation by 60%—70% of their initial value. In
reality, the diesel generator sets would be
disconnected to attain stability.

18 High Wind Low | Figure G-40 | A load of 1.691 MW is lost at 1 s at Kambajawa
Load and G-41 Bus.

The bus frequency and bus voltages increase
by a very small value, but overall the system is
stable.

As shown, the generators reduce their
generation and reach a negative value. In
reality, the diesel generator sets would be
disconnected to attain stability.
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19 High Wind Figure G-42 | Aload of 3.494 MW is lost at 1 s at Kambajawa
High Load and G-43 Bus.
With The bus frequency increases to 1.04 p.u., but
PowerStore overall the system is stable. Because there is
PowerStore in the system, it starts absorbing at
1s.

As shown, the generators reduce their
generation by 60%—70% of their initial value
when the PowerStore shuts down at 30 s.

In reality, the diesel generator sets would be
disconnected to attain stability.

20 High Wind Low | Figure G-44 | Aload of 1.691 MW is lost at 1 s at Kambajawa

Load With and G-45 Bus.

PowerStore The bus frequency and bus voltages increase
by a very small value, but overall the system is
stable.

PowerStore in the system starts absorbing at 1
S.

In reality, the diesel generator sets would be
disconnected to attain stability.

Kambajawa-Haharu Transmission Line fault. The fault was created at 1 s, and it self-clears at 1.18

S.
21 High Wind Figure G-46, | Islanding of Haharu is occurring, and the
High Load G-47 and G- | Haharu load goes offline for 180 ms.

48 After clearing the fault, the system is stable—
line loadings, voltages, and frequency are within
limits.

22 High Wind Low | Figure G-49 | Islanding of Haharu is occurring, and the
Load and G-50 Haharu load goes offline for 180 ms.
After clearing the fault, the system is stable—
line loadings, voltages, and frequency are within
limits.
23 High Wind Figure G-51 | Islanding of Haharu is occurred, and the Haharu
High Load and G-52 load goes offline for 180 ms.
With After clearing the fault, the system is stable—
PowerStore line loadings, voltages, and frequency are within
limits.
PowerStore supplies power as the WTGs
recover from the low-voltage ride-through.
24 High Wind Low | Figure G-53 | Islanding of Haharu is occurring, and the
Load With and G-54 Haharu load goes offline for 180 ms.
PowerStore After clearing the fault, the system is stable—
line loadings, voltages, and frequency are within
limits.

PowerStore supplies power as the WTGs
recover from the low-voltage ride-through.
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4 Conclusions

The East Sumba grid was modeled for load flow, short-circuit, and transient analyses.

The load flow analysis suggests that in the baseline and in the case with one WTG, there is no
overloading of generators, no overloading of conductors, and all of the bus voltages are within
range.

The short-circuit analysis suggests that the short-circuit power ratio is comfortably above the
minimum requirement at the Haharu Bus—the point of common coupling of the WTG. In
addition, because the short-circuit power contribution of the WTG is small, the ratings of the
devices in the substations are not impacted.

The transient stability study conducted to analyze the impact of integrating one 850-kW WTG
onto the grid identified transient scenarios with stability issues. Adding storage to the grid along
with a backup generator, a hybrid controller, and high-speed communications within the network
would ensure stability of the system. Storage equipment with at least 500 kW of capacity and
4.17 kWh of energy would be adequate to ensure stability. In addition to storage, a diesel
generator, CAT C32, of 550 kW with a cold-start time of 10 s should be designated as a backup
generator. It should be controlled by a hybrid plant controller that manages all the diesel
generators, the WTG, and the storage unit based on network parameters, wind production, the
state of charge of the storage unit, and other factors. This would also require high-speed
communications between the hybrid plant controller and all controllable units on the network.

In conclusion, installing one 850-kW WTG in East Sumba with a 500-kW (with at least 4.17-
kWh) storage unit, 550-kW backup diesel generator set with 10-s cold-start time, hybrid power
plant controller, and high-speed communications in the network is a solution that will improve
the reliability of the energy supply, enhance the stability of the system, and reduce greenhouse
gas emissions.

Introducing two 850-kW WTGs would require adding storage equipment of 1,500 kW, which is
slightly below the power rating of the two turbines. The energy content was designed to be 60 s,
which is sufficient time to start the backup diesel generators. In addition to storage, one CAT
C32 diesel generator with a capacity of 550 kW and cold-start time of 10 s and other generators
with a total of 950 kW of power with 60-s cold-start times should be designated as backup
generators. Note that increasing wind power from 850 kW to 1,700 kW leads to a substantial
increase in storage and backup generation, which would incur significantly higher costs to grid
upgrades (storage, backup generators, and hybrid controller). It is recommended that as a first
step only one 850-kW should be integrated onto the grid. After all the setup issues are resolved,
an updated set of data should be collected, and the technical grid integration analysis for the two-
turbine scenario should be run again. Options such as colocating the second turbine in the same
region as the first or choosing a different location should be evaluated. The new data set and
experience gained from the first integration will allow higher fidelity modeling of the grid with
more than one WTG.
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Table A-1. Input Data of Generators

Particulars | kVA Rating sz:::;e (kV) PF | Connection | Xn X0 Xd Xd" Xd' Xq Xq' Xq"
Volvo 220 0.4 0.8 | YN 0.16 | 0.009 | 3.36 | 0.135 |0.193 |2.01 |2.01 |0.184
MTU1 650 0.4 0.8 | YN 0.175| 0.037 | 3.81 | 0.155 | 0.282 | 2.290 | 2.290 | 0.195
MAN1 430 0.4 0.8 | YN 0.152 | 0.009 | 3.43 | 0.14 0.175 | 2.05 |2.05 |0.163
MTU2 430 0.4 0.8 | YN 0.152 | 0.009 | 3.43 | 0.14 0.175 | 2.05 |2.05 |0.163
MTU4 430 0.4 0.8 | YN 0.152 | 0.009 | 3.43 | 0.14 0.175 | 2.05 |2.05 |0.163
MAN2 320 0.4 0.8 | YN 0.152 | 0.026 | 3.12 | 0.106 |0.194 | 165 |1.65 |0.171
DOOSAN1 | 420 0.4 0.8 | YN 0.12 | 0.006 | 2.839 | 0.101 | 0.129 | 1.267 | 1.267 | 0.14
DOOSAN2 | 420 0.4 0.8 | YN 0.12 | 0.006 | 2.839 | 0.101 | 0.129 | 1.267 | 1.267 | 0.14
DOOSAN3 | 420 0.4 0.8 | YN 0.12 | 0.006 | 2.839 | 0.101 | 0.129 | 1.267 | 1.267 | 0.14
DOOSAN4 | 420 0.4 0.8 | YN 0.12 | 0.006 | 2.839 | 0.101 | 0.129 | 1.267 | 1.267 | 0.14
DOOSAN5 | 420 0.4 0.8 | YN 0.12 | 0.006 | 2.839 | 0.101 | 0.129 | 1.267 | 1.267 | 0.14
CAT 550 0.4 0.8 | YN 0.175| 0.037 | 3.81 | 0.1475 | 0.2188 | 2.290 | 2.290 | 0.195
YANMAR | 220 6.3 0.8 | YN 0.16 | 0.009 | 3.36 | 0.135 |0.193 |2.01 |2.01 |0.184
DEUTZ1 180 0.4 0.8 | YN 0.19 | 011 | 327 |0.13 0.18 266 | 266 |0.26
DEUTZ2 180 0.4 0.8 | YN 0.19 | 011 |3.27 |0.13 0.18 266 | 266 |0.26
SWD3 220 6.3 0.8 | YN 0.16 | 0.009 | 3.36 | 0.135 |0.193 |2.01 |2.01 |0.184
SWD2 220 6.3 0.8 | YN 0.16 | 0.009 |3.36 | 0.135 |0.193 |2.01 |2.01 |0.184
SWD1 220 6.3 0.8 | YN 0.16 | 0.009 | 3.36 | 0.135 |0.193 |2.01 |2.01 |0.184
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Table A-2. Input Data of Transformers

—— - -
kVA Primary/Secondary Tap Changer, % Positive % Zero X/R Winding
Sl. No. Capacity Voltage in kV Voltage per Sequence Sequence Ratio Configuration
Tap Impedance (z1) Impedance (z0)
T 750 0.4/20 2.50% 4.5 10.2 p.u. 35 gr'\c‘)ﬁﬂazt;"
YN5d, star
0 ’
T2 750 0.4/20 2.50% 45 10.2 p.u. 35 grounded
YN5d, star
0 ’
T3 630 0.4/20 2.50% 4 10 p.u. 3.7 grounded
T4 1600 0.4/20 2.50% 6 6 495 | YNSd, star
grounded
T5 1600 0.4/20 2.50% 6 6 495 | YNSd, star
grounded
YN5d, star
0 ’
T6 1000 0.4/20 2.50% 5 11 p.u. 4 grounded
T7 630 0.4/20 2.50% 4 10 p.u. 37 YNSd, star
grounded
T8 315 0.4/20 2.50% 4 10 p.u. 33 | YNSd star
grounded
T11 400 0.4/20 2.50% 4 10 p.u. 3.3 YNSd, star
grounded
T12 | 1250 6.3/20 2.50% 5.5 12p.u. 45 | YNS, star
grounded
T13 | 315 0.4/20 2.50% 4 10 3.3 YN5d, star
grounded
YN5d, star
o b
T14 1000 0.4/20 2.50% 5 11 p.u. 4 Sronndes
T16 | 900 0.69/20 2.50% 6.14 6.14 45 d11YN, star
grounded
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Table A-3. Input Data of Transmission Lines

Transmission Line K-H2 TLine: K-H1 TLine: _ K-w TIi_ne: _

Haharu-MHaharu MHaharu-Kambajawa Kambajawa-Waingapu
Voltage (kV) 20 20 20
Length (Km) 18 7 7
Rated current (kA) 0.129 0.210 0.323
Zero-sequence resistance (Ohms/Km) 1.106 0.813 0.373
Zero-sequence reactance (Ohms/Km) 1.884 1.87 1.835
Positive-sequence resistance (Ohms/Km) 0.958 0.665 0.225
Positive-sequence reactance (Ohms/Km) 0.39 0.37 0.30
Negative-sequence resistance (Ohms/Km) 0.958 0.665 0.225
Negative-sequence reactance (Ohms/Km) 0.39 0.37 0.30
Positive-sequence susceptance (US/Km) 0.56 14 1.66
Zero-sequence susceptance (uS/Km) 0.56 1.43 1.71
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Appendix B: Steady-State and Short-Circuit Model in
Power Factory—Input Data

54

This report is available at no cost from the National Renewable Energy Laboratory (NREL) at www.nrel.gov/publications.



Table of Contents

€= 1= =1 o = 56

B I = 1 13 0T 1= 62

TranNSMISSION LINES ...ccuuiiiiieiiiieieii i e e rree s rs s rsm s e e s n s rennssrrema s e e annsssrennsssrrennssraannsssrennnserennssrrnnnnsnrenn 69

1o - o - 72
55

This report is available at no cost from the National Renewable Energy Laboratory (NREL) at www.nrel.gov/publications.



Generators
e 180-kW generator = DEUT Z-1, DEUT Z-2

e 220 kW-0.4 kV = Volvo

e 220-kW generator = SWDI1, SWD2, SWD3, YANMAR

e 320-kW generator = MAN2

o 420-kW generator = DOOSAN1, DOOSAN2, DOOSAN3, DOOSAN4, DOOSANS
e 430-kW generator = MANI1, MAN2, MTU2, MTU4

e 550-kW generator = CAT C32

e 650-kW generator = MTUI1

e WTGO1 = Wind turbine generator

Stator Resistance
rstr 0.0065 p.u.
rs(f)

Subtransient Reactances
xd"' 0.1300 p.u.
xq'' 0.2000 p.u.
1" ()

Zero Sequence Data
Reactance x0 0.1100 p.u.
10(F)
Resistance r0 0.0000 p.u.
ro(f)

Consider Transient Parameter No

Negative Sequence Data
Reactance x2 0.1900 p.u.
12(F)
Resistance r2 0.0000 p.u.
r2(f)

Subtransient Reactances
Use saturated value No
Inrush Peak Current
Ratio Ip/In 10.0000 p.u.
Max. Time 0.0200 s
Stall Time

cold
Hot

Manufacturer
Characteristic Name
Data source
Foreign Key
Additional Data
Description
Approval Information
Status
Modi fied

20.
10.

MAN

Not Approved

0000
0000

w0n

Modified by

3/12/2015 4:09:05 PM
pramod

|Grid:Sumba Syst.Stage:Sumba | Annex / 403
| 220kw-0.4kv Synchronous Machine Type 2 /8
| stator Resistance |
| rstr 0.0000 p.u |
[ rs(H
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Subtransient Reactances
xd"'
q||
1" (P
Zero Sequence Data
Reactance x0
10(F)
Resistance r0
ro(f)
Consider Transient Parameter
Negative Sequence Data
Reactance x2
12(H)
Resistance r2
r2(f)

Subtransient Reactances
Use saturated value
Inrush Peak Current
Ratio Ip/In
Max. Time
Stall Time
cold
Hot

No

No

10.
.0200

20.
10.

.1350
.2000

.0090

.0000

.1600
.0000

0000

0000
0000

Manufacturer
Characteristic Name
Data source MAN
Foreign Key
Additional Data
Description
Approval Information

Status

Modified

Modified by

Not Approved
3/12/2015 6:30:48 PM
pramod

Stator Resistance
rstr 0.0000 p.u.
rs(f)

Subtransient Reactances
xd"' 0.1350 p.u.
xq'' 0.2000 p.u.
1" (D

Zero Sequence Data
Reactance x0 0.0090 p.u.
10(H)
Resistance r0 0.0000 p.u.
ro(f)

Consider Transient Parameter No

Negative Sequence Data
Reactance x2 0.1600 p.u.
12(F)
Resistance r2 0.0000 p.u.
r2(f)

Subtransient Reactances
Use saturated value No
Inrush Peak Current
Ratio Ip/In 10.0000 p.u.
Max. Time 0.0200 s
Stall Time
cold 20.0000 s
Hot 10.0000 s

Manufacturer
Characteristic Name
Data source MAN
Foreign Key
Additional Data
Description
Approval Information

Status

Modified

Modified by

Not Approved
3/11/2015 2:28:52 PM
pramod
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Stator Resistance
rstr 0.0130 p.u.
rs(f)

Subtransient Reactances
xd"' 0.1060 p.u.
xq'' 0.2000 p.u.
1" (D

Zero Sequence Data
Reactance x0 0.0260 p.u.
10(H)
Resistance r0 0.0000 p.u.
ro(f)

Consider Transient Parameter No

Negative Sequence Data
Reactance x2 0.1520 p.u.
12(F)
Resistance r2 0.0000 p.u.
r2(f)

Subtransient Reactances
Use saturated value No
Inrush Peak Current
Ratio Ip/In 10.0000 p.u.
Max. Time 0.0200 s
Stall Time
cold 20.0000
Hot 10.0000

n n

Manufacturer

Characteristic Name

Data source MAN

Foreign Key

Additional Data

Description

Approval Information
Status Not Approved
Modified 4/12/2015 3:45:57 PM
Modified by pramod

Stator Resistance
rstr 0.0000 p.u.
rs(f)

Subtransient Reactances
xd"' 0.1010 p.u.
xq'' 0.2000 p.u.
1" (P

Zero Sequence Data
Reactance x0 0.0060 p.u.
10(H)
Resistance r0 0.0000 p.u.
ro(f)

Consider Transient Parameter No

Negative Sequence Data
Reactance x2 0.1200 p.u.
12(H)
Resistance r2 0.0000 p.u.
r2(f)

Subtransient Reactances
Use saturated value No
Inrush Peak Current
Ratio Ip/In 10.0000 p.u.
Max. Time 0.0200 s
Stall Time
cold 20.0000 s
Hot 10.0000 s

Manufacturer
Characteristic Name
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|Data source MAN |
|Foreign Key |
|Additional Data |
|Description |
|Approval Information |
| Status Not Approved |
| Modified 3/11/2015 3:49:05 PM™|
I Modified by pramod I

Stator Resistance
rstr 0.0000 p.u.
rs(f)

Subtransient Reactances
xd"' 0.1400 p.u.
xq'' 0.2000 p.u.
1" (D

Zero Sequence Data
Reactance x0 0.0090 p.u.
10(H)
Resistance r0 0.0000 p.u.
ro(f)

Consider Transient Parameter No

Negative Sequence Data
Reactance x2 0.1520 p.u.
12(F)
Resistance r2 0.0000 p.u.
r2(f)

Subtransient Reactances
Use saturated value No
Inrush Peak Current
Ratio Ip/In 10.0000 p.u.
Max. Time 0.0200 s
Stall Time
cold 20.0000 s
Hot 10.0000 s

Manufacturer

Characteristic Name

Data source MAN

Foreign Key

Additional Data

Description

Approval Information
Status Not Approved
Modified 3/11/2015 2:58:06 PM
Modified by pramod

Stator Resistance
rstr 0.0000 p.u.
rs(f)

Subtransient Reactances
xd"' 0.1475 p.u.
xq'' 0.2000 p.u.
1" (P

Zero Sequence Data
Reactance x0 0.0370 p.u.
10(H)
Resistance r0 0.0000 p.u.
ro(f)

Consider Transient Parameter No

Negative Sequence Data
Reactance x2 0.1750 p.u.
12(H)
Resistance r2 0.0000 p.u.
r2(f)

Subtransient Reactances
Use saturated value No
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Inrush Peak Current

Ratio Ip/In 10.0000 p.u.
Max. Time 0.0200 s
Stall Time
cold 20.0000 s
Hot 10.0000 s
Manufacturer
Characteristic Name
Data source MAN

Foreign Key

Additional Data

Description

Approval Information
Status Not Approved
Modified 3/12/2015 4:31:31 PM
Modified by pramod

Stator Resistance
rstr 0.0000 p.u.
rs(f)

Subtransient Reactances
xd"' 0.1550 p.u.
xq'' 0.2000 p.u.
1" (D

Zero Sequence Data
Reactance x0 0.0370 p.u.
10(H)
Resistance r0 0.0000 p.u.
ro(f)

Consider Transient Parameter No

Negative Sequence Data
Reactance x2 0.1750 p.u.
12(F)
Resistance r2 0.0000 p.u.
r2(f)

Subtransient Reactances
Use saturated value No
Inrush Peak Current
Ratio Ip/In 10.0000 p.u.
Max. Time 0.0200 s
Stall Time
cold 20.0000
Hot 10.0000

n n

Manufacturer

Characteristic Name

Data source MAN

Foreign Key

Additional Data

Description

Approval Information
Status Not Approved
Modified 3/11/2015 3:18:37 PM
Modified by pramod
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Harmonic Source
Harmonic Currents

Harmonic currents referred to Fundamental Current

Norton Equivalent
Resistance, rilh 99999.0000 p.u.
Reactance, xlh 99999.0000 p.u.

Frequency-Dependence, rlh(f)
Frequency-Dependence, x1h(f)
Resistance, r2h 99999.0000 p.u.
Reactance, x2h 99999.0000 p.u.
Frequency-Dependence, r2h(f)
Frequency-Dependence, x2h(f)
Resistance, rOh 99999.0000 p.u.
Reactance, x0h 99999.0000 p.u.
Frequency-Dependence, rOh(f)
Frequency-Dependence, xO0h(f)
Flicker coefficients

controls
Reactive Power No

Reactive Power Limits
Min. Yes
Max. Yes
Scaling Factor (min.) 100.0000 %
Scaling Factor (max.) 100.0000 %
Capability Curve ...rary\0.85Mw VCS 50Hz Capability Curve

Stochastic Model

Serial Number

Year of Construction 0
commissioning Date 12/31/1969 7:00:00 PM
Characteristic Name

Data source MAN
Foreign Key

Additional Data

owner

Operator

Description

Approval Information

Status Not Approved
Modi fied 1/18/2012 3:01:42 AM
Modified by PACAL VESTAS

Operator Comment

State Estimation

Estimate Active Power No
Estimate Reactive Power No
wind Model No
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Transformers
e 1,000 KVA=T6, T14

e 1,600 KVA=T4,T5

e 315KVA=TS

e 400 KVA=TI11,TI3

e 630KVA=T2,T7

e 750KVA=TI,T3

e 63KV-20KV=TI2

e WTG TF_0.85-MW VCS = Transformer from WTG to Haharu Bus

Magnetising Impedance
No Load Current 0
No Load Losses 0
Distribution of Leakage Reactances (p.u.)
X,P0s.Seq. HV-Side 0.
X,Pos.Seq. LV-Side 0.5000
Distribution of Leakage Resistances (p.u.)
r,Pos.Seq. HV-Side 0
r,Pos.Seq. LV-Side 0
Tap Changer 1 Yes
Type Ratio/Asym. Phase Shifter
at Side HV
Additional Voltage per Tap
Phase of du
Neutral Position
Minimum Position 1
Maximum Position 5
Tap Changer 2 No
Tap dependent impedance No
Data for K-factor, Factor-K and FHL
Ratio 0.1000
Freq%%ggy Dependencies of Pos.-Sequence Impedance
r

11(F)
Frequﬁggy Dependencies of Zero-Sequence Impedance
ro

10(f)

Inrush Peak Current
Ratio Ip/In (1) 25.
Max. Time (1)
Ratio Ip/In (2)
Max. Time (2)
Transformer Type 0

.0000 %
deg

oo
o
o
o
o

c

ooowv
o
o
o
o
©nwoT nT
c

Stochastic model

Manufacturer
Characteristic Name
Data source MAN
Foreign Key
Additional Data
Description
Approval Information
Status Not Approved
Modi fied 3/12/2015 4:29:15 PM
Modified by pramod
Rated Power (forced cooling) 0.0000 MvA
on-load Tap Changer No
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Magnetising Impedance
No Load Current 0
No Load Losses 0
Distribution of Leakage Reactances (p.u.)
X,P0s.Seq. HV-Side 0.5000
X,Pos.Seq. LV-Side 0
Distribution of Leakage Resistances (p.u.)
r,Pos.Seq. Hv-Side 0
r,Pos.Seq. LV-Side 0
Tap Changer 1 Yes
Type Ratio/Asym. Phase shifter
at Side HV
Additional Voltage per Tap
Phase of du
Neutral Position
Minimum Position 1
Maximum Position 5
Tap Changer 2 No
Tap dependent impedance No
Data for K-factor, Factor-K and FHL
Ratio 0.1000
Frequency Dependencies of Pos.-Sequence Impedance
ri(f)
11(F)
Frquﬁggy Dependencies of Zero-Sequence Impedance

r
10(f)

Inrush Peak Current
Ratio Ip/In (1) 2
Max. Time (1)
Ratio Ip/In (2)
Max. Time (2)
Transformer Type 0

.2200 %
deg

onN
o
o
o
o

.0000
.0100
.0000
.0000

<

nwoT no
c

ooow

Stochastic model

Manufacturer
Characteristic Name
Data source MAN
Foreign Key
Additional Data
Description
Approval Information
Status Not Approved
Modi fied 3/11/2015 3:29:44 PM
Modified by pramod
Rated Power (forced cooling) 0.0000 MvA
on-load Tap Changer No

Magnetising Impedance

No Load Current 0

No Load Losses 0
Distribution of Leakage Reactances (p.u.)

X,P0s.Seq. HV-Side 0.

X,P0s.Seq. LV-Side 0.5000
Distribution of Leakage Resistances (p.u.) 0

0

r,Pos.Seq. HV-Side 5000
r,Pos.Seq. LV-Side 5000
Tap Changer 1 Yes
Type Ratio/Asym. Phase Shifter
at Side HV
Additional voltage per Tap 2.2200 %
Phase of du 0.0000 deg
Neutral Position
Minimum Position 1
Maximum Position 5
Tap Changer 2 No
Tap dependent impedance No

Data for K-factor, Factor-K and FHL
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Ratio 0.1000
Frequﬁggy Dependencies of Pos.-Sequence Impedance
rl

11(F)
Frequﬁggy Dependencies of Zero-Sequence Impedance
ro

10(f)

Inrush Peak Current
Ratio Ip/In (1) 25.0000
Max. Time (1) 0.0100
Ratio Ip/In (2) 0.0000
Max. Time (2) 0.0000
Transformer Type 0

c

nwoT noT
<

Stochastic model

Manufacturer
Characteristic Name
Data source MAN
Foreign Key
Additional Data
Description
Approval Information
Status Not Approved
Modi fied 3/11/2015 3:37:18 PM
Modified by pramod
Rated Power (forced cooling) 0.0000 MvA
on-load Tap Changer No

Magnetising Impedance

No Load Current 0

No Load Losses 0
Distribution of Leakage Reactances (p.u.)

X,P0s.Seq. HV-Side 0.5000

X,Po0s.Seq. LV-Side 0
Distribution of Leakage Resistances (p.u.)

r,Pos.Seq. HV-Side 0

r,Pos.Seq. LV-Side 0
Tap Changer 1 Yes
Type Ratio/Asym. Phase Shifter
at Side HV
Additional voltage per Tap
Phase of du
Neutral Position 3
Minimum Position 1
Maximum Position 5
Tap Changer 2 No

Tap dependent impedance No
Data for K-factor, Factor-K and FHL

Ratio 0.1000
Frequ%ggy Dependencies of Pos.-Sequence Impedance

1

r
11(F)

Frequegcy Dependencies of zero-Sequence Impedance
rocf)

10(f)

Inrush Peak Current
Ratio Ip/In (1) 2
Max. Time (1)
Ratio Ip/In (2)
Max. Time (2)
Transformer Type 0

.2200 %
deg

onN
o
o
o
o

.0000
.0100
.0000
.0000

<

ooowv
nwoT wnT
=

Stochastic model

Manufacturer
Characteristic Name
Data source MAN
Foreign Key
Additional Data
Description
Approval Information
Status Not Approved
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Modified 3/11/2015 3:09:54 PM
Modified by pramod
ated power (forced cooling) 0.0000 MvA
n-load Tap Changer No

o=x

Magnetising Impedance
No Load Current 0
No Load Losses 0
Distribution of Leakage Reactances (p.u.)
X,P0s.Seq. HV-Side 0.5000
X,Pos.Seq. LV-Side 0
Distribution of Leakage Resistances (p.u.)
r,Pos.Seq. Hv-Side 0
r,Pos.Seq. LV-Side 0
Tap Changer 1 Yes
Type Ratio/Asym. Phase shifter
at Side HV
Additional Voltage per Tap
Phase of du
Neutral Position 3
Minimum Position 1
Maximum Position 5
Tap Changer 2 No
Tap dependent impedance No
Data for K-factor, Factor-K and FHL
Ratio 0.1000
Frquﬁggy Dependencies of Pos.-Sequence Impedance
r

11(F)

Frquﬁggy Dependencies of Zero-Sequence Impedance
r
10(F)

Inrush Peak Current
Ratio Ip/In (1) 2
Max. Time (1)
Ratio Ip/In (2)
Max. Time (2)
Transformer Type 0

.0000 %
deg

[ele]
o
o
o
o

.0000
.0100
.0000
.0000

<

nwoT noT
c

ooow

Stochastic model

Manufacturer
Characteristic Name
Data source MAN
Foreign Key
Additional Data
Description
Approval Information
Status Not Approved
Modi fied 3/12/2015 4:19:01 PMm
Modified by pramod
Rated Power (forced cooling) 0.0000 MvA
on-load Tap Changer No

Magnetising Impedance

No Load Current 0

No Load Losses 0
Distribution of Leakage Reactances (p.u.)

X,P0s.Seq. HV-Side 0.

X,P0s.Seq. LV-Side 0.5000
Distribution of Leakage Resistances (p.u.) 0

0

r,Pos.Seq. Hv-Side 5000
r,Pos.Seq. LV-Side 5000
Tap Changer 1 Yes
Type Ratio/Asym. Phase shifter
at Side HV
Additional voltage per Tap 0.0000 %
Phase of du 0.0000 deg
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Neutral Position

Minimum Position

Maximum Position

Tap Changer 2 No
Tap dependent impedance No

Data for K-factor, Factor-K and FHL
Ratio 0.1000

Freq%%ggy Dependencies of Pos.-Sequence Impedance
r

11(F)
Frequﬁggy Dependencies of Zero-Sequence Impedance
ro

10()

Inrush Peak Current
Ratio Ip/In (1) 25.0000
Max. Time (1) 0.0100
Ratio Ip/In (2) 0.0000
Max. Time (2) 0.0000
Transformer Type 0

U= W

c

©nwoT nT
<

Stochastic model

Manufacturer
Characteristic Name
Data source MAN
Foreign Key
Additional Data
Description
Approval Information
Status Not Approved
Modi fied 3/11/2015 6:00:21 PM
Modified by pramod
Rated Power (forced cooling) 0.0000 MvA
on-load Tap Changer No

Magnetising Impedance
No Load Current 0
No Load Losses 0
Distribution of Leakage Reactances (p.u.)
X,P0s.Seq. HV-Side 0.5000
X,P0s.Seq. LV-Side 0
Distribution of Leakage Resistances (p.u.)
r,Pos.Seq. HV-Side 0
r,Pos.Seq. LV-Side 0
Tap Changer 1 Yes
Type Ratio/Asym. Phase Shifter
at Side HV
Additional voltage per Tap
Phase of du
Neutral Position
Minimum Position 1
Maximum Position 5
Tap Changer 2 No
Tap dependent impedance No
Data for K-factor, Factor-K and FHL
Ratio 0.1000
Frequency Dependencies of Pos.-Sequence Impedance
ri(f)
11(F)
Frequ%ggy Dependencies of zZero-Sequence Impedance
0

r
10(f)

Inrush Peak Current
Ratio Ip/In (1) 2
Max. Time (1)
Ratio Ip/In (2)
Max. Time (2)
Transformer Type 0

.2200 %
deg

onN
o
o
o
o

.0000
.0100
.0000
.0000

[

ooowv
nwoT wnT
<

Stochastic model

Manufacturer
Characteristic Name
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Data source MAN
Foreign Key
Additional Data
Description
Approval Information
Status Not Approved
Modified 3/11/2015 2:46:45 PM
Modified by pramod
Rated Power (forced cooling) 0.0000 MvA
on-load Tap Changer No

Magnetising Impedance
No Load Current 0
No Load Losses 0
Distribution of Leakage Reactances (p.u.)
X,P0os.Seq. HV-Side 0.5000
X,P0s.Seq. LV-Side 0
Distribution of Leakage Resistances (p.u.)
r,Pos.Seq. Hv-Side 0
r,Pos.Seq. LV-Side 0
Tap Changer 1 Yes
Type Ratio/Asym. Phase Shifter
at Side HV
Additional Voltage per Tap
Phase of du
Neutral Position 3
Minimum Position 1
Maximum Position 5
Tap Changer 2 No
Tap dependent impedance No
Data for K-factor, Factor-K and FHL
Ratio 0.1000
Frquﬁggy Dependencies of Pos.-Sequence Impedance

r
11(F)

Frequﬁggy Dependencies of zero-Sequence Impedance
ro

T10(f)

Inrush Peak Current
Ratio Ip/In (1) 2
Max. Time (1)
Ratio Ip/In (2)
Max. Time (2)
Transformer Type 0

.0000 %
deg
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Stochastic model

Manufacturer

Characteristic Name

Data source MAN

Foreign Key

Additional Data

Description

Approval Information
Status Not Approved
Modi fied 3/12/2015 10:11:37 PM
Modified by pramod

Rated Power (forced cooling) 0.0000 MvA

on-load Tap Changer No

| Technology Three Phase Transformer |
|Rated Power 0.8500 MvA |
|[Nominal Frequency 50.0000 Hz
|Rated voltage |
| HV-Side 20.0000 kv |
| LV-Side 0.6900 kv [
| Positive Sequence Impedance |
[ Short-Circuit voltage uk 6.0000 %
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Ratio X/R 5.0010
vector Group

HV-Side D

LV-Side YN

Phase shift 11.0000 *30deg
Zero Sequence Impedance

Short-Circuit voltage ukO 5.4000 %

SHC-voltage (Re(uk0)) ukOr 0.0000 %
Magnetising Impedance

No Load Current 1.2000 %

No Load Losses 0.5000 kw
Distribution of Leakage Reactances (p.u.)

X,P0s.Seq. HV-Side 0.5000

X,Pos.Seq. LV-Side 0.5000
Distribution of Leakage Resistances (p.u.)

r,Pos.Seq. HV-Side 0.5000

r,Pos.Seq. LV-Side 0.5000
Tap Changer 1 Yes
Type Ratio/Asym. Phase Shifter
at Side HV
Additional voltage per Tap 2.5000 %
Phase of du 0.0000 deg
Neutral Position 0
Minimum Position -2
Maximum Position 2
Tap Changer 2 No

Tap dependent impedance No
Magnetising Reactance

Type Linear
Transformer Ratio Adaptation Yes
on-load Tap Changer No
Class FOA
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Transmission Lines

e AAAC-50 mm = Transmission lines from Kambajawa to Mid-Haharu Bus
e AAAC-150 mm = Transmission lines from Kambajawa to Waingapu Bus

e TLine35 mm = Transmission lines from Mid-Haharu to Haharu Bus

Parameters per Length 1,2-Sequence
Susceptance B' 1
Ins. Factor 0
Parameters per Length Zero Sequence
Susceptance BO' 0.0000 uS/km
Ins. Factor 0
Frequency Dependency of Pos.-Sequence Capacitance
0

Capacitance C' .0053 uF/km
cl'(f)
Frequency Dependency of Zzero-Sequence Capacitance
Capacitance C0O' 0.0000 uF/km
co' ()
Frequency Dependencies of Pos.-Sequence Impedance
AC-Resistance R'(20°C) 0.2250 ohm/km
R1' (AQ) (F)
Inductance L' 0.9549 mH/km
L1'(H
Frequency Dependencies of zero-Sequence Impedance
AC-Resistance RO' 0.0000 oOhm/km
RO' (AQ) (F)
Inductance LO' 0.0000 mH/km
LO' ()
Inrush Peak Current
Ratio Ip/In 0.0000 p.u
Maximum Time 0.0000 s
Rated Short-Time (1s) Current (Conductor) 0.0000 kA

Stochastic model

Manufacturer
Characteristic Name
Data source MAN
Foreign Key
Additional Data
Description
Approval Information
Status Not Approved

Modi fied
Modified by

System Type

Phases

Number of Neutrals

Cable Design Parameter
Conductor Material
Insulation Material
Cable Cores
Rated voltage
Rated Current
Nominal Cross Section

3/11/2015 6
pramod

AC

ow

Copper
0

Multi-Core
20.0000
1.0000
0.0000

:20:22 PM

kv
kA
mmA2

with Sheath No
Sheath Type 0
Sheath Insulation Material PVC
Armoured Cable No
Radial Cable Screen No
Line Cost 0.0000 $/km
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Parameters per Length 1,2-Sequence
Susceptance B'

Ins. Factor

Parameters per Length Zero Sequence
Susceptance BO'

Ins. Factor

Frequency Dependency of Pos.-Sequence Capacitance
Capacitance C'
cl' ()

Frequency Dependency of Zzero-Sequence Capacitance
Capacitance C0O' 0.0000 uF/km
co' (P

Frequency Dependencies of Pos.-Sequence Impedance
AC-Resistance R'(20°C) 0.6650 oOhm/km
R1' (AC) (F)

Inductance L' 1.1777 mH/km
L1' ()

Frequency Dependencies of zero-Sequence Impedance
AC-Resistance RO' 0.0000 o©Ohm/km
RO' (AC) (F)

Inductance LO' 0.0000 mH/km
Lo'(H

.4920 us/km
.0000

.0000 us/km
.0000

.0047 uF/km

o OO O

Inrush Peak Current
Ratio Ip/In
Maximum Time
Rated Short-Time (1s) Current (Conductor)

.0000 p.u.
.0000 s
.0000 kA

[elele]

Stochastic model

Manufacturer

Characteristic Name

Data source MAN

Foreign Key

Additional Data

Description

Approval Information
Status Not Approved
Modi fied 3/11/2015 6:28:58 PM
Modified by pramod

System Type AC
Phases 3
Number of Neutrals 0
Cable Design Parameter

Conductor Material Copper

Insulation Material 0

Cable Cores Multi-Core

Rated voltage

Rated Current

Nominal Cross Section

with Sheath No

Sheath Type 0

Sheath Insulation Material PVC

Armoured Cable No

Radial Cable Screen No
Line Cost 0.0000 $/km

.0000 kv
.0000 kA
.0000 mmA2

N
(=] =)

Parameters per Length 1,2-Sequence
Susceptance B' 0
Ins. Factor 0

Parameters per Length Zero Sequence
Susceptance BO' 0.0000 uS/km
Ins. Factor 0

Frequency Dependency of Pos.-Sequence Capacitance
Capacitance C' 0
c1' (P

Frequency Dependency of Zzero-Sequence Capacitance
Capacitance CO' 0.0000 uF/km
co' (P

Frequency Dependencies of Pos.-Sequence Impedance
AC-Resistance R'(20°C) 0.9580 ohm/km
R1' (ACQ) ()
Inductance L' 1.2414 mH/km
L1'(f)

.0018 uF/km
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Frequency Dependencies of Zero-Sequence Impedance

AC-Resistance RO' 0.0000 o©Ohm/km
RO' (AC) ()
Inductance LO' 0.0000 mH/km
LO' ()
Inrush Peak Current
Ratio Ip/In 0.0000 p.u.
Maximum Time 0.0000 s
Rated Short-Time (1s) Current (Conductor) 0.0000 kA

Stochastic model

Manufacturer

Characteristic Name

Data source MAN
Foreign Key

Additional Data

Description

Approval Information

Status Not Approved
Modified 3/11/2015 6:38:25 PM
Modified by pramod
System Type AC
Phases 3
Number of Neutrals 0
Cable Design Parameter
Conductor Material Copper
Insulation Material 0
Cable Cores Multi-Core
Rated voltage 20.0000 kv
Rated Current 1.0000 kA
Nominal Cross Section 0.0000 mmA2
with Sheath No
Sheath Type 0
Sheath Insulation Material PVC
Armoured Cable No
Radial Cable Screen No
Line Cost 0.0000 $/km
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Loads
e Haharu Load = Load at Haharu Bus

e Kambajawa Load = Load at Kambajawa Bus

e Waingapu Load = Load at Waingapu Bus

Harmonic Current Injections
Harmonic Currents
Harmonic currents referred to Fundamental Current
Fault Contribution
Scalable Fault Contribution
Subtransient Short-Circuit Level
Transient Short-Circuit Level
Fixed Fault Contribution

.0000 MvA/MW
.0000 MvA/MW

QOO0 O OO

Subtransient Short-Circuit Level .0000 MVA
Transient Short-Circuit Level .0000 MvA
R to X'' ratio .1000
Additional LV Capacitance .0000 Mvar
controls
Allow Toad shedding No
costs
Costs for load shedding 1.0000 $/mMvA
Constraints
Min. load shedding 0.0000 %
Max. Toad shedding 100.0000 %
Number of connected customers 1
Priority 0
Contracted Active Power 0.0000 Mw

Load shedding/transfer (Transmission Option)
Shedding steps 0
Transferable 0.0000 %
Alternative Supply (Load)
Interruption costs
Tariff
Sscaling factor 1.0000
Load Classification

Serial Number

Year of Construction 0
Ccommissioning Date 12/31/1969 7:00:00 PM
Characteristic Name

Data source MAN
Foreign Key

Additional Data

owner

Operator

Description

Approval Information

Status Not Approved
Modified 3/11/2015 6:26:45 PM
Modified by pramod

State Estimation
Active/Reactive Power

Estimate Active Power No

Estimate Reactive Power No
Scaling Factor

Estimate Scaling Factor No
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Harmonic Current Injections
Harmonic Currents
Harmonic currents referred to Fundamental Current
Fault Contribution
Scalable Fault Contribution
Subtransient Short-Circuit Level
Transient Short-Circuit Level
Fixed Fault Contribution

.0000 MvA/MW
.0000 MvA/MW

QOO O OO

Subtransient Short-Circuit Level .0000 MVA
Transient Short-Circuit Level .0000 MVA
R to X'' ratio .1000
Additional LV Capacitance .0000 Mvar
controls
Allow Toad shedding No
Costs
Costs for load shedding 1.0000 $/mMvA
Constraints
Min. Toad shedding 0.0000 %
Max. load shedding 100.0000 %
Number of connected customers 1
Priority 0
Contracted Active Power 0.0000 Mw

Load shedding/transfer (Transmission Option)
Shedding steps 0
Transferable 0.0000 %
Alternative Supply (Load)
Interruption costs
Tariff
Scaling factor 1.0000
Load Classification

Serial Number

Year of Construction 0
Commissioning Date 12/31/1969 7:00:00 PM
Characteristic Name

Data source MAN
Foreign Key

Additional Data

owner

Operator

Description

Approval Information

Status Not Approved
Modi fied 3/11/2015 4:23:33 PM
Modified by pramod

State Estimation
Active/Reactive Power

Estimate Active Power No

Estimate Reactive Power No
Scaling Factor

Estimate Scaling Factor No
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Harmonic Current Injections
Harmonic Currents
Harmonic currents referred to Fundamental Current
Fault Contribution
Scalable Fault Contribution
Subtransient Short-Circuit Level
Transient Short-Circuit Level
Fixed Fault Contribution

.0000 MvA/MW
.0000 MvA/MW

QOO O OO

Subtransient Short-Circuit Level .0000 MVA
Transient Short-Circuit Level .0000 MVA
R to X'' ratio .1000
Additional LV Capacitance .0000 Mvar
controls
Allow Toad shedding No
Costs
Costs for load shedding 1.0000 $/mvA
Constraints
Min. Toad shedding 0.0000 %
Max. load shedding 100.0000 %
Number of connected customers 1
Priority 0
Contracted Active Power 0.0000 Mw

Load shedding/transfer (Transmission Option)
Shedding steps 0
Transferable 0.0000 %
Alternative Supply (Load)
Interruption costs
Tariff
Scaling factor 1.0000
Load Classification

Serial Number

Year of Construction 0
Commissioning Date 12/31/1969 7:00:00 PM
Characteristic Name

Data source MAN
Foreign Key

Additional Data

owner

Operator

Description

Approval Information

Status Not Approved
Modi fied 3/11/2015 6:13:21 PM
Modified by pramod

State Estimation
Active/Reactive Power

Estimate Active Power No

Estimate Reactive Power No
Scaling Factor

Estimate Scaling Factor No

74

This report is available at no cost from the National Renewable Energy Laboratory (NREL) at www.nrel.gov/publications.



Appendix C: Load Profile Results
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No Wind High Load

| | DIgGSILENT | Project: |
| | PowerFactory |-----------—--———mmm——
| | 15.2.1 | Date: 4/22/2015 |
| Load Flow Calculation CompTlete System Report: Substations, Voltage Profiles, Grid Interchange, Area Interchange |
AC Load Flow, balanced, positive sequence | Automatic Model Adaptation for Convergence No
Automatic Tap Adjust of Transformers Yes | Max. Acceptable Load Flow Error for |
Consider Reactive Power Limits No | Nodes 0.01 kvA
| Model Equations 0.01 % |
| Grid: sumba System Stage: sumba | study case: KWTL | Ammex: /1
rated Active Reactive Power
voltage Bus-voltage Power  Power  Factor Current Loading Additional Data
[kvl [p.u.] [kv] [deg] [Mw] [Mvar] [-] [ka] [%]
HB(1)
Haharu 20.00 0.98 19.69 149.44
Cub_1 /Lod Haharu Load 0.10 0.06 0.85 0.00 P10 0.10 mw Ql0: 0.06 Mvar
Cub_1 /Lne K-H2 Tline -0.10 -0.06 -0.85 0.00 0.36 |[Pv: 0.65 kw cLod: 0.00 Mvar L: 18.00 km
Cub_1 /Tr2 wTG01 Trafo 0.00 0.00 1.00 0.00 0.00 |Tap: 0.00 Min: -2 Max : 2
K-BB(1)
K1 400v Bu.40 1.02 0.41 0.56
Cub_1 /Sym volvo 0.22 0.17 0.80 0.39 100.00 |Typ: PQ
Cub_1 /Tr2 T8 0.22 0.17 0.80 0.39 85.66 |Tap: 3.00 Min: 1 Max : 5
K-BB(2)
K3 400v Bu.40 1.00 0.40 0.00
Cub_1 /sym MTUL 0.25 0.11 0.91 0.39 33.32 |Typ: SL
Cub_1 /Tr2 T6 0.25 0.11 0.91 0.39 27.07 |Tap: 3.00 Min: 1 Max : 5
K-BB(3)
K4 400V Bu.40 1.02 0.41 1.74
Cub_1 /sym DOOSAN3 0.42 0.31 0.80 0.74 100.00 |Typ: PQ
Cub_1 /sym DOOSAN4 0.42 0.31 0.80 0.74 100.00 |Typ: PQ
Cub_1 /sSym DOOSANS5 0.42 0.00 1.00 0.59 80.00 |Typ: PQ
Cub_1 /Tr2 T4 ] 1.26 0.63 0.89 1.99 86.09 |Tap 3.00 Min: 1 Max : 5
Total mmm———— ——————
Generation: 1.26 0.63
| Grid: sumba System Stage: sumba | study case: KWTL | Ammex: /2 |
| rated Active Reactive Power | |
[ voltage Bus-voltage Power Power Factor Current Loading| Additional Data [
| [kvl [p.u.] [kv] [deg] [Mw] [Mvar] [-] [ka] [%] | |
|K-BB(4) | |
| Kambajawa0.00 0.99 19.83 149.38 | |
| Cub_1 /Lod Kambajawa Load 3.49 1.69 0.90 0.11 [P10 3.49 mw Q10: 1.69 Mvar
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Cub_1 /Lne K-H1 0.10 0.06 0.88 0.00 0.35 |Pv: 0.17 kw cLod 0.00 Mvar L: 7.00 km
Cub_1 /Lne K-W TTine 0.53 0.18 0.95 0.02 1.64 |pPv: 1.27 kw cLod: 0.00 Mvar L: 7.00 km
Cub_1 /Tr2 T1 -0.43 -0.31 -0.81 0.02 70.48 |Tap: 3.00 Min: 1 Max 5
Cub_1 /Tr2 T2 -0.31 -0.22 -0.81 0.01 63.96 |Tap: 5.00 Min 1 Max 5
Cub_1 /Tr2 T3 -0.43 -0.31 -0.81 0.02 70.48 |Tap: 3.00 Min 1 Max 5
Cub_1 /Tr2 T4 -1.25 -0.56 -0.91 0.04 86.09 |Tap: 3.00 Min 1 Max 5
Cub_1 /Tr2 T5 -0.83 0.03 -1.00 0.02 52.63 |Tap: 3.00 Min 1 Max 5
Cub_1 /Tr2 T6 -0.25 -0.11 -0.92 0.01 27.07 |Tap: 3.00 Min 1 Max 5
Cub_1 /Tr2 T7 -0.42 -0.30 -0.82 0.02 86.81 |Tap: 5.00 Min 1 Max 5
Cub_1 /Tr2 T8 -0.22 -0.16 -0.81 0.01 85.66 |Tap: 3.00 Min 1 Max 5
K-BB(5)
K4 400V Bu.40 1.00 0.40 1.17
Cub_1 /Sym DOOSAN1 0.42 0.00 1.00 0.61 80.00 |Typ: PQ
Cub_1 /Sym DOOSAN2 0.42 0.00 1.00 0.61 80.00 |Typ: PQ
Cub_1 /Tr2 T5 ] 0.84 0.00 1.00 1.22 52.63 |Tap: 3.00 Min: 1 Max: 5
Total mmm———— ——————
Generation: 0.84 0.00
K-BB
K2 400V Bu.40 0.98 0.39 1.04
Cub_1 /sSym MAN1 0.43 0.32 0.80 0.79 100.00 |Typ: PQ
Cub_1 /Tr2 T7 0.43 0.32 0.80 0.79 86.81 |Tap: 5.00 Min: 1 Max: 5
KBB10
K5 400v 0.40 1.02 0.41 0.49
Cub_1 /Sym MTU2 0.43 0.32 0.80 0.76 100.00 |Typ: PQ
Cub_1 /Tr2 Tl 0.43 0.32 0.80 0.76 70.48 |Tap: 3.00 Min: 1 Max: 5
KBB11
K6 400v 0.40 0.97 0.39 0.60
Cub_1 /Sym MAN2 0.31 0.24 0.80 0.58 98.13 |Typ: PQ
Cub_1 /Tr2 T2 0.31 0.24 0.80 0.58 63.96 |Tap: 5.00 Min: 1 Max: 5
KBB12
K7 400v 0.40 1.02 0.41 0.49
Cub_1 /sSym MTU4 0.43 0.32 0.80 0.76 100.00 |Typ: PQ
Cub_1 /Tr2 T3 0.43 0.32 0.80 0.76  70.48 |Tap: 3.00 Min: 1 Max: 5
| Grid: Sumba System Stage: Sumba | Study Case: KHTL | Annex: / 3
rated Active Reactive Power
Voltage Bus-voltage Power Power Factor Current Loading Additional Data
[kvl [p.u.] [kvl  [deg] [mw] [mvar] [-] [kA] [%]
Single Busbar(3)
K-H2 20.00 0.99 19.80 149.39
Cub_1 /Lne K-H1 -0.10 -0.06 -0.86 0.00 0.35 |Pv: 0.17 kw  cLod: 0.00 Mvar L: 7.00 km
Cub_1 /Lne K-H2 Tline 0.10 0.06 0.86 0.00 0.36 |Pv: 0.65 kw cLod: 0.00 Mvar L: 18.00 km
wBB (1)
we.3kv  6.30 1.01 6.35 0.71
Cub_1 /sym SwD1l 0.22 0.00 1.00 0.02 80.00 |Typ: PQ
Cub_1 /Sym SwD2 0.22 0.17 0.80 0.02 100.00 |Typ: PQ
Cub_1 /Sym SwD3 Typ: PQ
Cub_1 /Sym YANMAR 0.22 0.17 0.80 0.02 100.00 |Typ: PQ
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Cub_1 /Tr2 T12 ] 0.66 0.33 0.89 0.07 58.53 |Tap: 3.00 Min: 1 Max: 5
Total mmm———— ——————
Generation: 0.66 0.33
WBB(2)
w3 400v 0.40 1.01 0.41 0.50
Cub_1 /Sym CAT C32 0.55 0.41 0.80 0.98 100.00 |Typ: PQ
Cub_1 /Tr2 T14 0.55 0.41 0.80 0.98 67.76 |Tap: 3.00 Min: 1 Max : 5
WBB(3)
waingapu20.00 0.99 19.77 149.26
Cub_1 /Lod waingapu Load 2.08 1.01 0.90 0.07 P10: 2.08 mw QlO: 1.01 mvar
Cub_1 /Lne K-W Tline -0.53 -0.19 -0.94 0.02 1.64 |Pv: 1.27 kw cLod: 0.00 Mvar L: 7.00 km
Cub_1 /Tr2 T11 -0.18 0.00 -1.00 0.01 45.03 |Tap: 3.00 Min: 1 Max : 5
Cub_1 /Tr2 T12 -0.65 -0.31 -0.91 0.02 58.53 |Tap: 3.00 Min: 1 Max : 5
Cub_1 /Tr2 T13 -0.18 -0.13 -0.81 0.01 55.27 |Tap: 3.00 Min: 1 Max: 5
Cub_1 /Tr2 T14 -0.54 -0.39 -0.81 0.02 67.76 |Tap: 3.00 Min: 1 Max : 5
WBB (4)
w2 400v 0.40 1.01 0.40 0.02
Cub_1 /sSym DEUT Zz-2 0.18 0.13 0.80 0.32 98.89 |Typ: PQ
Cub_1 /Tr2 T13 0.18 0.13 0.80 0.32 55.27 |Tap: 3.00 Min: 1 Max: 5
WBB
wl 400v 0.40 0.99 0.40 0.26
Cub_1 /sSym DEUT z-1 0.18 0.00 1.00 0.26 79.56 |Typ: PQ
Cub_1 /Tr2 T11 0.18 0.00 1.00 0.26 45.03 |Tap: 3.00 Min: 1 Max : 5
WTGO1LV
0.69 0.00 0.00 0.00
Cub_4 /Genstat WwTGOl 0.00 0.00 1.00 0.00 0.00
Cub_3 /Tr2 wTG01 Trafo 0.00 0.00 1.00 0.00 0.00 |Tap: 0.00 Min: -2 Max : 2
| |  DIGSILENT | Project: |
| | PowerFactory |-----------—-————mm——
| | 15.2.1 | Date: 4/22/2015 |
| Load Flow Calculation Complete System Report: Substations, Voltage Profiles, Grid Interchange, Area Interchange |
| AC Load Flow, balanced, positive sequence | Automatic Model Adaptation for Convergence No
| Automatic Tap Adjust of Transformers Yes | Max. Acceptable Load Flow Error for |
[ Consider Reactive Power Limits No | Nodes 0.01 kva
| | Model Equations 0.01 % [
| Grid: Sumba System Stage: Sumba | study Case: KHTL | Annex: / 4
| rtd.v Bus - voltage Voltage - Deviation [%] |
| [kv]l] [p.u.] [kv] [deg] -10 -5 0 +5 +10 [
|HB(1) |
| Haharu 20.00 0.984 19.69 149.44 <<<<]| |
|K-BB(1) |
| K1 400v Bus 0.40 1.019 0.41 0.56 [>>>>> |
|K-BB(2) |
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K3 400V Bus 0.40 1.000 0.40 0.00 [
K-BB(3)
K4 400V Bus 0.40 1.023 0.41 1.74 [>>>>>
K-BB(4)
Kambajawa 20.00 0.992 19.83 149.38 <<|
K-BB(5)
K4 400V Bus 0.40 0.997 0.40 1.17 <|
K-BB
K2 400V Bus 0.40 0.983 0.39 1.04 <<<<|
KBB10
K5 400v 0.40 1.017 0.41 0.49 [>>>>
KBB11l
K6 400V 0.40 0.974 0.39 0.60 <<<<<<|
KBB12
K7 400v 0.40 1.017 0.41 0.49 [>>>>
Single Busbar(3)
K-H2 20.00 0.990 19.80 149.39 <<|
wBB (1)
W6 . 3kv 6.30 1.009 6.35 0.71 [>>
wBB(2)
w3 400v 0.40 1.015 0.41 0.50 [>>>>
WBB(3)
waingapu 20.00 0.989 19.77 149.26 <<<|
wBB(4)
w2 400v 0.40 1.006 0.40 0.02 [>>
WBB
wl 400v 0.40 0.994 0.40 0.26 <|
WTGO1LV
| Grid: Sumba System Stage: Sumba | Study Case: KHTL | Annex: /5
| rtd.v Bus - voltage Voltage - Deviation [%] |
| [kv]l] [p.u.] [kv] [deg] -10 -5 0 +5 +10 [
| 0.69 0.000 0.00 0.00 <ALV |
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| | | DIgSILENT | Project: |

| | | PowerFactory |--------=------———mmmme oo
| | | 15.2.1 | pate: 4/22/2015 |
| Load Flow calculation Complete System Report: Substations, Voltage Profiles, Grid Interchange, Area Interchange |
| AC Load Flow, balanced, positive sequence | Automatic Model Adaptation for Convergence No
| Automatic Tap Adjust of Transformers Yes | Max. Acceptable Load Flow Error for |
| Consider Reactive Power Limits No | Nodes 0.01 kva
[ | Model Equations 0.01 % |
| Grid: Sumba System Stage: Sumba | Study Case: KHTL | Annex: / 6
| Volt. Generation Motor Load Compen- External Power Total Load Noload |
| Level Load sation Infeed Interchange Interchange Losses Losses Losses |
| [Mw]/ [Mw]/ [(Mw]/ [Mw]/ [Mw]/ to [Mw]/ [Mw]/ [Mw]/ [Mw]/ |
| [kv] [Mvar] [Mvar] [Mvar] [Mvar] [Mvar] [Mvar] [Mvar] [Mvar] [Mvar]
| 0.40 5.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 |
| 2.65 0.00 0.00 0.00 0.00 0.00 0.00 0.00 |
| 20.00 kv 5.08 0.05 0.05 0.00 |
| 2.65 0.21 0.21 0.00 |
| 0.69 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 |
[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 |
6.30 0.66 0.00 0.00 0.00 0.00 0.00
0.33 0.00 0.00 0.00 0.00 0.00
20.00 kv 0.66 0.01
0.33 0.02
20.00 0.00 0.00 5.68 0.00 0.00 0.00
0.00 0.00 2.77 0.00 0.00 -0.01
0.40 kv -5.03 0.05
-2.45 0.21
6.30 kv -0.65 0.01
-0.31 0.02
| Total 5.74 0.00 5.68 0.00 0.00 0.06
| 2.98 0.00 2.77 0.00 0.00 0.22
| | |  DIQGSILENT
| | | PowerFactory
| | | 15.2.1
| Load Flow Calculation CompTlete System Report: Substations, Voltage Profiles, Grid Interchange, Area Interchange |
| AC Load Flow, balanced, positive sequence | Automatic Model Adaptation for Convergence No
| Automatic Tap Adjust of Transformers Yes | Max. Acceptable Load Flow Error for [
| Consider Reactive Power Limits No | Nodes 0.01 kva
[ | Model Equations 0.01 % [
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| Total System Summary | Study Case: KHTL | Annex: /7

Generation Motor Load Compen- External Inter Area Total Load Noload
Load sation Infeed Flow Losses Losses Losses
[Mw]/ [Mw]/ [Mw]/ [Mw]/ [Mw]/ [Mw]/ [Mw]/ [Mw] / [Mw]/
[Mvar] [Mvar] [Mvar] [Mvar] [Mvar] [Mvar] [Mvar] [Mvar] [Mvar]
\pramod\Sumba-V3_NwHL\Network Model\Network Data\Sumba
5.74 0.00 5.68 0.00 0.00 0.00 0.06 0.06 0.00
2.98 0.00 2.77 0.00 0.00 0.00 0.22 0.23 -0.01
Total
5.74 0.00 5.68 0.00 0.00 0.06 0.06 0.00
2.98 0.00 2.77 0.00 0.00 0.22 0.23 -0.01
| | PowerFactory |-----=-------————mmm oo
| | 15.2.1 4/22/2015 |

| AC Load Flow, balanced, positive sequence | Automatic Model Adaptation for Convergence No
| Automatic Tap Adjust of Transformers Yes | Max. Acceptable Load Flow Error for |
| Consider Reactive Power Limits No | Nodes 0.01 kva
[ | ModeTl Equations 0.01 % [
| Area: Kambajawa | Sstudy Case: KHTL | Annex: / 8
Volt. Generation Motor Load Compen- External Power Total Load Noload
Level Load sation Infeed Interchange Interchange Losses Losses Losses
[Mw]/ [Mw]/ [(Mw]/ [Mw]/ [Mw]/ to [Mw]/ [Mw]/ [Mw]/ [Mw]/
[kv] [Mvar] [Mvar] [Mvar] [Mvar] [Mvar] [Mvar] [Mvar] [Mvar] [Mvar]
0.40 4.17 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2.11 0.00 0.00 0.00 0.00 0.00 0.00 0.00
20.00 kv 4.17 0.04 0.04 0.00
2.11 0.18 0.18 0.00
20.00 0.00 0.00 3.49 0.00 0.00 0.00 0.00 0.00
00 0.00 1.69 0.00 0.00 0.00 0.00 0.00
0.40 kv -4.13 0.04 0.04 0.00
-1.93 0.18 0.18 0.00
waingapu 0.53 0.00 0.00 0.00
.18 -0.00 0.00 -0.00
Total 4.17 0.00 3.49 0.00 0.00 0.64 0.04 0.04 0.00
2.11 0.00 1.69 0.00 0.00 0.24 0.18 0.18 0.00
waingapu 0.53 0.00 0.00 0.00
0.18 -0.00 0.00 -0.00
| | DIgGSILENT | Project: |
| | PowerFactory |--------=------——mmmmm oo
| | 15.2.1 | Date: 4/22/2015 [
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| AC Load Flow, balanced, positive sequence | Automatic Model Adaptation for Convergence No
| Automatic Tap Adjust of Transformers Yes | Max. Acceptable Load Flow Error for |
| Consider Reactive Power Limits No | Nodes 0.01 kva
| | Model Equations 0.01 % [
| Area: waingapu | Study Case: KHTL | Annex /9
Volt. Generation Motor Load Compen- External Power Total Load Noload
Level Load sation Infeed Interchange Interchange Losses Losses Losses
[Mw]/ [Mw]/ [Mw]/ [Mw]/ [Mw]/ to [Mw]/ [Mw]/ [Mw]/ [Mw]/
[kv] [Mvar] [Mvar] [Mvar] [Mvar] [Mvar] [Mvar] [Mvar] [Mvar] [Mvar]
0.40 0.91 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.55 0.00 0.00 0.00 0.00 0.00 0.00 0.00
20.00 kv 0.91 0.01 0.01 0.00
0.55 0.03 0.03 0.00
6.30 0.66 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00
20.00 kv 0.66 0.01 0.01 0.00
0.33 0.02 0.02 0.00
20.00 0.00 0.00 2.08 0.00 0.00 0.00 0.00 0.00
0.00 0.00 1.01 0.00 0.00 0.00 0.00 0.00
0.40 kv -0.90 0.01 0.01 0.00
-0.52 0.03 0.03 0.00
6.30 kv -0.65 0.01 0.01 0.00
-0.31 0.02 0.02 0.00
Kambajawa -0.53 0.00 0.00 0.00
-0.18 -0.00 0.00 -0.00
Total 1.57 0.00 2.08 0.00 0.00 -0.53 0.01 0.01 0.00
0.88 0.00 1.01 0.00 0.00 -0.18 0.05 0.05 -0.00
Kambajawa -0.53 0.00 0.00 0.00
-0.18 -0.00 0.00 -0.00
| | | DIgSILENT | Project: |
| | | PowerFactory |-----=-------————mmmm oo
| | | 15.2.1 | Date: 4/22/2015 |
| Load Flow Calculation CompTlete System Report: Substations, Voltage Profiles, Grid Interchange, Area Interchange |
| AC Load Flow, balanced, positive sequence | Automatic Model Adaptation for Convergence No
| Automatic Tap Adjust of Transformers Yes | Max. Acceptable Load Flow Error for |
| Consider Reactive Power Limits No | Nodes 0.01 kva
[ | ModeTl Equations 0.01 % [
| Area: Haharu | Study Case: KHTL | Annex: / 10 |
| Volt. Generation Motor Load Compen- External Power Total Load NoTload |
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| Level Load sation Infeed Interchange Interchange Losses Losses Losses |

| [Mw]/ [Mw]/ [Mw]/ [Mw]/ [Mw]/ to [Mw]/ [Mw]/ [Mw]/ [Mw]/ |
[ [kv] [Mvar] [Mvar] [Mvar] [Mvar] [Mvar] [Mvar] [Mvar] [Mvar] [Mvar]
| 20.00 0.00 0.00 0.10 0.00 0.00 0.00 0.00 0.00 |
| 0.00 0.00 0.06 0.00 0.00 0.00 0.00 0.00 |
| Total 0.00 0.00 0.10 0.00 0.00 -0.10 0.00 0.00 0.00 |
[ 0.00 0.00 0.06 0.00 0.00 -0.06 0.00 0.00 0.00 |
| | |  DIGSILENT | Project: |
| | | PowerFactory |-----------—-————mm——
| | | 15.2.1 | Date: 4/22/2015 |
| Load Flow Calculation CompTlete System Report: Substations, Voltage Profiles, Grid Interchange, Area Interchange |
| AC Load Flow, balanced, positive sequence | Automatic Model Adaptation for Convergence No
| Automatic Tap Adjust of Transformers Yes | Max. Acceptable Load Flow Error for |
| Consider Reactive Power Limits No | Nodes 0.01 kva
| | Model Equations 0.01 % |
| Area Summaries | Study Case: KHTL | Annex / 11
Generation Motor Load Compen- External Inter Area Total Load Noload
Load sation Infeed Flow Losses Losses Losses
[Mw]/ [Mw]/ [Mw]/ [Mw]/ [Mw]/ [Mw]/ [Mw]/ [Mw] / [Mw]/
[Mvar] [Mvar] [Mvar] [Mvar] [Mvar] [Mvar] [Mvar] [Mvar] [Mvar]
\pramod\Sumba-V3_NwHL\Network Model\Network Data\Areas\Kambajawa
4. 0.000 3.494 0.000 0.000 0.64 0.04 0.04 0.00
2.108 0.000 1.692 0.000 0.000 0.24 0.18 0.18 0.00
\pramod\Sumba-V3_NwHL\Network Model\Network Data\Areas\Waingapu
1.567 0.000 2.084 0.000 0.000 -0.53 0.01 0.01 0.00
0.876 0.000 1.009 0.000 0.000 -0.18 0.05 0.05 -0.00
\pramod\Sumba-v3_NwHL\Network Model\Network Data\Areas\Haharu
0.000 0.000 0.104 0.000 0.000 -0.10 0.00 0.00 0.00
0.000 0.000 0.064 0.000 0.000 -0.06 0.00 0.00 0.00
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| | DIgGSILENT | Project: |
| | PowerFactory |--------------omm——
| | 15.2.1 | Date: 4/22/2015 |
| Load Flow Calculation CompTlete System Report: Substations, Voltage Profiles, Grid Interchange, Area Interchange |
AC Load Flow, balanced, positive sequence | Automatic Model Adaptation for Convergence No
Automatic Tap Adjust of Transformers Yes | Max. Acceptable Load Flow Error for [
Consider Reactive Power Limits No | Nodes 0.01 kva
| Model Equations 0.01 % |
| Grid: sumba System Stage: sumba | study case: KWTL | Amnex: /1
rated Active Reactive Power
voltage Bus-voltage Power  Power  Factor Current Loading Additional Data
[kvl [p.u.] [kv] [deg] [Mw] [Mvar] [-] [ka] [%]
HB(1)
Haharu 20.00 0.99 19.73 148.99
Cub_1 /Lod Haharu Load 0.05 0.03 0.85 0.00 P10 0.05 mw Ql0: 0.03 Mvar
Cub_1 /Lne K-H2 Tline -0.05 -0.03 -0.85 0.00 0.18 |[Pv: 0.15 kw cLod: 0.00 Mvar L: 18.00 km
Cub_1 /Tr2 wTGO1 Trafo 0.00 0.00 1.00 0.00 0.00 |Tap: 0.00 Min: -2 Max: 2
K-BB(1)
K1 400v Bu.40 1.00 0.40 0.00
Cub_1 /Sym volvo 0.00 0.00 1.00 0.00 0.00 |Typ: PQ .
Cub_1 /Tr2 T8 0.00 0.00 1.00 0.00 0.00 |Tap: 3.00 Min: 1 Max : 5
K-BB(2)
K3 400v Bu.40 1.00 0.40 0.00
Cub_1 /Sym MTUL 0.00 0.00 1.00 0.00 0.00 |Typ: SL
Cub_1 /Tr2 T6 0.00 0.00 1.00 0.00 0.00 |Tap: 3.00 Min: 1 Max : 5
K-BB(3)
K4 400V Bu.40 1.07 0.43 1.13
Cub_1 /sym DOOSAN3 0.42 0.00 1.00 0.57 80.00 |Typ: PQ
Cub_1 /Sym DOOSAN4 0.42 0.31 0.80 0.71 100.00 |Typ: PQ
Cub_1 /sSym DOOSANS5 0.42 0.31 0.80 0.71 100.00 |Typ: PQ
Cub_1 /Tr2 T4 ] 1.26 0.63 0.89 1.91 86.45 |Tap: 1.00 Min: 1 Max: 5
Total mmm———— ——————
Generation: 1.26 0.63
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| Grid: Sumba System Stage: Sumba | Study Case: KHTL | Annex: / 2

rated Active Reactive Power
Voltage Bus-voltage Power Power Factor Current Loading Additional Data
[kv]l [p.u.] [kv] [deg] [Mw] [Mvar] [-] [ka] [%]

K-BB(4)

Kambajawa0.00 0.99 19.80 148.97

Cub_1 /Lod Kambajawa Load 1.69 0.56 0.95 0.05 P10: 1.69 vw QlO: 0.56 Mvar

Cub_1 /Lne K-H1 0.05 0.02 0.91 0.00 0.17 |pPv: 0.04 kw cLod: 0.00 Mvar L: 7.00 km

Cub_1 /Lne K-W TTline 1.01 0.33 0.95 0.03 3.11 |Pv: 4.58 kw cLod: 0.00 Mvar L: 7.00 km

Cub_1 /Tr2 Tl -0.43 -0.31 -0.81 0.02 70.60 |Tap: 3.00 Min: 1 Max: 5

Cub_1 /Tr2 T2 -0.00 0.00 -1.00 0.00 0.00 |Tap: 5.00 Min: 1 Max : 5

Cub_1 /Tr2 T3 -0.00 0.00 -1.00 0.00 0.00 |Tap: 3.00 Min: 1 Max : 5

Cub_1 /Tr2 T4 -1.25 -0.57 -0.91 0.04 86.45 |Tap: 1.00 Min: 1 Max: 5

Cub_1 /Tr2 T5 -0.84 0.02 -1.00 0.02 52.75 |Tap: 1.00 Min: 1 Max : 5

Cub_1 /Tr2 T6 -0.00 0.00 -1.00 0.00 0.00 |Tap: 3.00 Min: 1 Max : 5

Cub_1 /Tr2 T7 -0.25 -0.06 -0.97 0.01 41.05 |Tap: 3.00 Min: 1 Max: 5

Cub_1 /Tr2 T8 -0.00 0.00 -1.00 0.00 0.00 |Tap: 3.00 Min: 1 Max : 5
K-BB(5)

K4 400v Bu.40 1.04 0.42 0.61

Cub_1 /sym DOOSAN1 0.42 0.00 1.00 0.58 80.00 |Typ: PQ

Cub_1 /Sym DOOSAN2 0.42 0.00 1.00 0.58 80.00 |Typ: PQ

Cub_1 /Tr2 TS5 ] 0.84 0.00 1.00 1.16 52.75 |Tap: 1.00 Min: 1 Max : 5

Total mmm———— ——————
Generation: 0.84 0.00

K-BB

K2 400v Bu.40 1.00 0.40 0.00

Cub_1 /sSym MAN1 0.25 0.07 0.96 0.37 48.11 |Typ: SL

Cub_1 /Tr2 T7 0.25 0.07 0.96 0.37 41.05 |Tap: 3.00 Min: 1 Max : 5
KBB10

K5 400v 0.40 1.02 0.41 0.08

Cub_1 /sSym MTU2 0.43 0.32 0.80 0.76 100.00 |Typ: PQ

Cub_1 /Tr2 Tl 0.43 0.32 0.80 0.76 70.60 |Tap: 3.00 Min: 1 Max : 5
KBB11

K6 400v 0.40 1.00 0.40 0.00

Cub_1 /sSym MAN2 0.00 -0.00 1.00 0.00 0.00 |Typ: PQ

Cub_1 /Tr2 T2 0.00 -0.00 1.00 0.00 0.00 |Tap: 5.00 Min: 1 Max: 5
KBB12

K7 400v 0.40 1.00 0.40 0.00

Cub_1 /sSym MTU4 0.00 0.00 1.00 0.00 0.00 |Typ: PQ

Cub_1 /Tr2 T3 0.00 0.00 1.00 0.00 0.00 |Tap: 3.00 Min: 1 Max : 5
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| Grid: Sumba System Stage: Sumba | Study Case: KHTL | Annex: / 3
rated Active Reactive Power
Voltage Bus-voltage Power Power Factor Current Loading Additional Data
[kvl [p.u.] [kv] [deg] [Mw] [Mvar] [-] [ka] [%]
Single Busbar(3)
K-H2 20.00 0.99 19.78 148.97
Cub_1 /Lne K-H1 -0.05 -0.03 -0.88 0.00 0.17 |Pv: 0.04 kw cLod: 0.00 Mvar L: 7.00 km
Cub_1 /Lne K-H2 Tline 0.05 0.03 0.88 0.00 0.18 |Pv: 0.15 kw cLod: 0.00 Mvar L: 18.00 km
wBB (1)
we.3kv  6.30 0.00 0.00 0.00
Cub_1 /Sym swpl 0.00 0.00 1.00 0.00 0.00 |Typ: PQ
Cub_1 /sym SWD2 0.00 0.00 1.00 0.00 0.00 |Typ: PQ
Cub_1 /Sym SwD3 Typ: PQ
Cub_1 /Sym YANMAR 0.00 0.00 1.00 0.00 0.00 |Typ: PQ
Cub_1 /Tr2 T12 ] 0.00 0.00 1.00 0.00 0.00 |Tap: 3.00 Min: 1 Max: 5
Total mmm———— ——————
Generation: 0.00 0.00
WBB(2)
w3 400v 0.40 1.00 0.40 0.00
Cub_1 /sym CAT C32 0.00 0.00 1.00 0.00 0.00 |Typ: PQ
Cub_1 /Tr2 T14 0.00 0.00 1.00 0.00 0.00 |Tap: 3.00 Min: 1 Max: 5
WBB(3)
waingapu20.00 0.98 19.68 148.73
Cub_1l /Lod waingapu Load 1.01 0.33 0.95 0.03 P10: 1.01 mw QlO: 0.33 Mvar
Cub_1 /Lne K-W Tline -1.01 -0.33 -0.95 0.03 3.11 |Pv: 4.58 kw cLod: 0.00 Mvar L: 7.00 km
Cub_1 /Tr2 T11 -0.00 0.00 -1.00 0.00 0.00 |Tap: 3.00 Min: 1 Max: 5
Cub_1 /Tr2 T12 0.00 0.00 1.00 0.00 0.00 |Tap: 3.00 Min: 1 Max: 5
Cub_1 /Tr2 T13 -0.00 0.00 -1.00 0.00 0.00 |Tap: 3.00 Min: 1 Max : 5
Cub_1 /Tr2 T14 -0.00 -0.00 -1.00 0.00 0.00 |Tap: 3.00 Min: 1 Max: 5
wBB(4)
w2 400v 0.40 1.00 0.40 0.00
Cub_1 /Sym DEUT Z-2 0.00 -0.00 1.00 0.00 0.00 |[Typ: PQ
Cub_1 /Tr2 T13 0.00 0.00 1.00 0.00 0.00 |Tap: 3.00 Min: 1 Max: 5
WBB
wl 400v 0.40 1.00 0.40 0.00
Cub_1 /Sym DEUT z-1 0.00 -0.00 1.00 0.00 0.00 |Typ: SL
Cub_1 /Tr2 T11 0.00 0.00 1.00 0.00 0.00 |Tap: 3.00 Min: 1 Max : 5
WTGO1LV
0.69 0.00 0.00 0.00
Cub_4 /Genstat WTGO1l 0.00 0.00 1.00 0.00 0.00
Cub_3 /Tr2 wTGO1 Trafo 0.00 0.00 1.00 0.00 0.00 |Tap: 0.00 Min: -2 Max: 2
| | DIgSILENT | Project: |
| | PowerFactory |----—--——--————————
| | 15.2.1 | Date: 4/22/2015 |
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| Load Flow Calculation

Complete System Report:

Substations, Voltage Profiles, Grid Interchange, Area Interchange |

| AC Load Flow, balanced, positive sequence
| Automatic Tap Adjust of Transformers

| Consider Reactive Power Limits

|

Nodes

Model Equations

SARNARRRRRANRRNNNNNNNNNNY

| Automatic Model Adaptation for Convergence No
| Max. Acceptable Load Flow Error for |
| 0.01 kva |
| 0.01 % |
| Annex /4 |
Voltage - Deviation [%] |
+5 +10 |
<<<|
|
|
| >>>>>>>>>>>>>>>>
<<|
[>>>>>>>>>>
|
[ >>>>
|
|
<<|
|
<<<<|
|
|
| Annex: /5 |
voltage - Deviation [%] |
+ +10 |

| Grid: Sumba System Stage: Sumba
| rtd.v Bus - voltage
| [kvl [p.u.] [kv] [deg]
HB(1)
Haharu 20.00 0.986 19.73 148.99
K-BB(1)
K1 400v Bus 0.40 1.000 0.40 0.00
K-BB(2)
K3 400V Bus 0.40 1.000 0.40 0.00
K-BB(3)
K4 400V Bus 0.40 1.066 0.43 1.13
K-BB(4)
Kambajawa 20.00 0.990 19.80 148.97
K-BB(5)
K4 400V Bus 0.40 1.042 0.42 0.61
K-BB
K2 400V Bus 0.40 1.000 0.40 0.00
KBB10
K5 400v 0.40 1.015 0.41 0.08
KBB11
K6 400v 0.40 1.000 0.40 0.00
KBB12
K7 400v 0.40 1.000 0.40 0.00
Single Busbar(3)
K-H2 20.00 0.989 19.78 148.97
wBB (1)
W6 . 3kv 6.30 0.000 0.00 0.00
WBB(2)
w3 400v 0.40 1.000 0.40 0.00
WBB(3)
waingapu 20.00 0.984 19.68 148.73
wBB(4)
w2 400v 0.40 1.000 0.40 0.00
WBB
wl 400v 0.40 1.000 0.40 0.00
WTGO1LV
| Grid: Sumba System Stage: Sumba
| rtd.v Bus - voltage
| [kvl [p.u.] [kv] [degd]
| 0.69 0.000 0.00 0.00
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| pate: 4/22/2015 |

| AC Load Flow, balanced, positive sequence | Automatic Model Adaptation for Convergence No

| Automatic Tap Adjust of Transformers Yes | Max. Acceptable Load Flow Error for |
| Consider Reactive Power Limits No | Nodes 0.01 kva

[ | ModeTl Equations 0.01 % [
| Grid: Sumba System Stage: Sumba | Study Case: KHTL | Annex: / 6

| Volt. Generation Motor Load Compen- External Power Total Load Noload |
| Level Load sation Infeed Interchange Interchange Losses Losses Losses |
| [Mw]/ [Mw]/ [(Mw]/ [Mw]/ [Mw]/ to [Mw]/ [Mw]/ [Mw]/ [Mw]/ |
| [kv] [Mvar] [Mvar] [Mvar] [Mvar] [Mvar] [Mvar] [Mvar] [Mvar] [Mvar]

| 0.40 2.78 0.00 0.00 0.00 0.00 0.00 0.00 0.00 |
| 1.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 |
| 20.00 kv 2.78 0.02 0.02 0.00 |
| 1.02 0.11 0.11 0.00 |
| 0.69 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 |
[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 |
| 6.30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 |
[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 |
| 20.00 0.00 0.00 2.75 0.00 0.00 0.00 0.00 0.00 |
| 0.00 0.00 0.92 0.00 0.00 -0.01 0.01 -0.01 |
| 0.40 kv -2.76 0.02 0.02 0.00 |
| -0.91 0.11 0.11 0.00 |
| Total 2.78 0.00 2.75 0.00 0.00 0.00 0.03 0.03 0.00 |
| 1.02 0.00 0.92 0.00 0.00 0.00 0.10 0.12 -0.01 |
| | | DIgQSILENT | Project: |
| | | PowerFactory |--------=---—-————mmm——
| | | 15.2.1 | Date: 4/22/2015 |

| AC Load Flow, balanced, positive sequence | Automatic Model Adaptation for Convergence No

| Automatic Tap Adjust of Transformers Yes | Max. Acceptable Load Flow Error for |
| Consider Reactive Power Limits No | Nodes . 0.01 kvA

| | Model Equations 0.01 % [
| Total System Summary | study Case: KHTL | Annex /7

| Generation  Motor Load Compen- External Inter Area Total Load Noload |
| Load sation Infeed Flow Losses Losses Losses |
| [Mw]/ [Mw]/ [Mw]/ [Mw]/ [Mw]/ [Mw]/ [Mw]/ [Mw]/ [Mw]/

[ [Mvar] [Mvar] [Mvar] [Mvar] [Mvar] [Mvar] [Mvar] [Mvar] [Mvar]
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\pramod\Sumba-Vv3_NwLL\Network Model\Network Data\Sumba |
2.78 .00 2.75 0.00 0.00 0.00 0.03 0.03 0.00 |
1.02 0.00 0.92 0.00 0.00 0.00 0.10 0.12 -0.01 |
Total |
2.78 0.00 2.75 0.00 0.00 0.03 0.03 0.00 |
1.02 0.00 0.92 0.00 0.00 0.10 0.12 -0.01 [
| | DIgGSILENT | Project: |
| | PowerFactory |--------=-----————mmm oo
| | 15.2.1 | Date: 4/22/2015 |
| Load Flow Calculation CompTlete System Report: Substations, Voltage Profiles, Grid Interchange, Area Interchange |
| AC Load Flow, balanced, positive sequence | Automatic Model Adaptation for Convergence No
| Automatic Tap Adjust of Transformers Yes | Max. Acceptable Load Flow Error for |
| consider Reactive Power Limits No | Nodes 0.01 kva
[ | Model Equations 0.01 % [
| Area: Kambajawa | Sstudy Case: KHTL | Annex: / 8
volt. Generation Motor Load Compen- External Power Total Load Noload
Level Load sation Infeed Interchange Interchange Losses Losses Losses
[Mw]/ [Mw]/ [Mw]/ [Mw]/ [Mw]/ to [Mw]/ [Mw]/ [Mw]/ [Mw]/
[kv] [Mvar] [Mvar] [Mvar] [Mvar] [Mvar] [Mvar] [Mvar] [Mvar] [Mvar]
0.40 2.78 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00
20.00 kv 2.78 0.02 0.02 0.00
1.02 0.11 0.11 0.00
20.00 0.00 0.00 1.69 0.00 0.00 0.00 0.00 0.00
00 0.00 0.56 0.00 0.00 0.00 0.00 0.00
0.40 kv -2.76 0.02 0.02 0.00
-0.91 0.11 0.11 0.00
waingapu 1.01 0.00 0.00 -0.00
0.33 0.00 0.01 -0.00
Total 2.78 0.00 1.69 0.00 0.00 1.06 0.02 0.02 0.00
1.02 0.00 0.56 0.00 0.00 0.36 0.11 0.11 0.00
waingapu 1.01 0.00 0.00 -0.00
0.33 0.00 0.01 -0.00
| | DIgQSILENT | Project: |
| | PowerFactory |------—----—-————mmm——
| | 15.2.1 | Date: 4/22/2015 |
| Load Flow Calculation CompTlete System Report: Substations, Voltage Profiles, Grid Interchange, Area Interchange |
| AC Load Flow, balanced, positive sequence | Automatic Model Adaptation for Convergence No
| Automatic Tap Adjust of Transformers Yes | Max. Acceptable Load Flow Error for |
| Consider Reactive Power Limits No | Nodes 0.01 kvA
| | Model Equations 0.01 % [
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| Volt. Generation Motor Load Compen- External Power Total Load Noload |
| Level Load sation Infeed Interchange Interchange Losses Losses Losses |
| [Mw]/ [Mw]/ [Mw]/ [Mw]/ [Mw]/ to [Mw]/ [Mw]/ [Mw]/ [Mw]/ |
[ [kv] [Mvar] [Mvar] [Mvar] [Mvar] [Mvar] [Mvar] [Mvar] [Mvar] [Mvar]
| 0.40 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 |
| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 |
| 6.30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 |
| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 |
20.00 0.00 0.00 1.01 0.00 0.00 0.00 0.00 0.00 |
0.00 0.00 0.33 0.00 0.00 0.00 0.00 0.00 |
Kambajawa -1.01 0.00 0.00 -0.00 |
-0.33 0.00 0.01 -0.00 [
Total 0.00 00 1.01 0.00 0.00 -1.01 0.00 0.00 -0.00 |
0.00 0.00 0.33 0.00 0.00 -0.33 0.00 0.01 -0.00 |
Kambajawa -1.01 0.00 0.00 -0.00 |
-0.33 0.00 0.01 -0.00 |
| | DIgSILENT | Project: |
| | PowerFactory |-----------—-————mm——
| | 15.2.1 | Date: 4/22/2015 |
| Load Flow Calculation CompTlete System Report: Substations, Voltage Profiles, Grid Interchange, Area Interchange |
| AC Load Flow, balanced, positive sequence | Automatic Model Adaptation for Convergence No
| Automatic Tap Adjust of Transformers Yes | Max. Acceptable Load Flow Error for |
| Consider Reactive Power Limits No | Nodes 0.01 kva
| | Model Equations 0.01 % [
| Area: Haharu | study Case: KHTL | Annex: / 10 |
| Vvolt. Generation Motor Load Compen- External Power Total Load Noload |
| Level Load sation Infeed Interchange Interchange Losses Losses Losses |
| [Mw]/ [Mw]/ [Mw]/ [Mw]/ [Mw]/ to [Mw]/ [Mw]/ [Mw] / [Mw]/ |
[ [kv] [Mvar] [Mvar] [Mvar] [Mvar] [Mvar] [Mvar] [Mvar] [Mvar] [Mvar]
| 20.00 0.00 0.00 0.05 