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1 Introduction 

On the 10th and 11th of February 2020, several events occurred in the power system of Aqualectra in 

Curaçao which led to complete or partial blackouts. This report includes the analysis of the sequence of 

events and the results of the preliminary investigations.  
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2 Monitoring Systems 

2.1 SCADA 

The SCADA system used by Aqualectra monitors, among others, voltage, frequency, active and reactive 

power in multiple locations in the power system. 

The recordings provided by Aqualectra [1] [2] correspond to February, and they include measurement for 

all days and hours of this month with a 1-minute resolution (average values). 

2.2 PFM  

Several PFM monitoring systems are installed in the main substations of Aqualectra. Figure 2-1 provides 

an overview of their location in the power system.  

The preliminary analysis of the PFM monitoring systems reveals the following issues:   

 Some of the PFM systems are not accessible and/or did not record the events of interest 

due to malfunctioning caused by lack of periodic maintenance. Table 2-1 shows an overview of 

the current status of each of them. 

Table 2-1: DIgSILENT Monitoring systems – Aqualectra - Curaçao 

# Substation Type Status (13.03.2020) 

1 Isla NDPP PFM300 
Available, but with wrong high current trigger settings 
-> results in a huge amount of recordings, so due to storage limitations, 
the data from the blackouts are already overwritten. 

2 Isla 66 kV PFM300 
Available, but with limited records form the blackouts since power supply 
was interrupted during that time 

3 Dokweg 1 PFM300 Not accessible 

4 Dokweg 2 PFM300 Not accessible 

5 Dokweg 66 kV PFM300 Available, with all records from the blackouts 

6 Mundo Nobo PFM2 Out of service 

7 Tera Cora PFM2 Not accessible 

8 Playa Canoa PFM2 Not accessible 

 

 The configuration of the PFM systems has not been updated considering the latest changes in the 

network topology. Therefore, the signals available in each of the PFM systems reflect the 

configuration at the time of commissioning, but not necessarily the actual status. As 

an example, the PFM located in substation Isla 66 kV has recordings corresponding to two 

feeders with transformers (Dokweg II-T1 and Dokweg II-T2), whereas current network topology 

shows that in the same substation there are four transformers in total. Subsequent discussions 

with Aqualectra [3] have determined that the other two transformers correspond to signals 
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“Wartsila” and “Spare CT 1”. On the other hand, the PFM configuration includes signals for BOO, 

NDPP, Weis, Niljweg and Isla 2, whereas in current network topology there are just two lines 

from Isla 66 kV: to substations Isla and Parera. Again, subsequent discussions with Aqualectra 

[3] have determined that some of these signals are “spare”, hence not connected.  
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Figure 2-1: Single-Line-Diagram – Aqualectra - Curaçao 
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2.2.1 PFM Dokweg 66 kV 

Table 2-2 shows the measurement signals available in the PFM located at substation Isla 66 kV [3], as 

well as its corresponding location in the PF simulation model (Figure 2-1). 

Table 2-2: Measurement signals in the PFM Dokweg 66 kV 

Signal Enabled Feeder connection PF Model 

BUS-A X   DKW66/BB1 

BUS-B X   DKW66/BB2 

Spare VT    - - 

Bus coupler X  - DKW66/CB0 

BOO X No cable connected yet (spare) - 

NDPP X No cable connected yet (spare) - 

Wartsila X Feeder F03 66/11 kV Transformer DW2SUT4  
(Dokweg 2B - Units 15 and 16) 

Isla 1 X Feeder F04 ISLA-Dokweg2 

Dokweg II-T1 X Feeder F05 66/11 kV Transformer DW2SUT1  
(Dokweg 2A - Units 09 and 10) 

Parera X Feeder F07 Dokweg2-Parera 

Weis X No cable connected yet (spare) - 

Nijlweg X No cable connected yet (spare) - 

Spare CT 1   Feeder F10 66/11 kV Transformer DW2SUT3 
(Dokweg 2B - Units 13 and 14) 

Isla 2 X No cable connected yet (spare) - 

Dokweg II-T2 X Feeder F12 66/11 kV Transformer DW2SUT2 
(Dokweg 2A - Units 11 and 12) 

Spare CT 2    - - 

Spare CT 3    - - 

Spare CT 4    - - 

Digital Input 1 X  - - 
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2.2.2 PFM Isla 66 kV 

Table 2-3 shows the measurement signals available in the PFM located at substation Isla 66 kV [3], as 

well as its corresponding location in the PF simulation model (Figure 2-1). 

Table 2-3: Measurement signals in the PFM Isla 66 kV 

Signal Enabled Feeder  
connection 

PF Model 

Dwarskoppelveld sec. X 1 ISL 66/CB.L0 

spare  2 - 

Weis X 3 ISLA-Weis 

BOO X 4 66/30 kV Transformer BOO1 

Parera X 5 ISLA-Parera 

NDPP X 6 66/11 kV Transformer NDPP1 
(Units DE1 and DE2) 

Langskoppelveld sec. X 7 - 

Langskoppelveld sec. X 8 - 

Nijlweg X 9 ISLA-Nijlweg 

BOO X 10 66/30 kV Transformer BOO2 

Parera X 11 ISLA-Dokweg2 

NDPP X 12 66/11 kV Transformer NDPP2 
(Units DE3 and DE4) 

Dwarskoppelveld sec. X 13 ISL 66/CB.R0 

 

  



 E v e n t s  o n  1 0 t h  o f  F e b r u a r y  2 0 2 0  
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3 Events on 10th of February 2020 

Recording: Monitor_2020.02.10 23.59.59.cfg 

Location: Dokweg 66 kV 

As shown in Figure 3-1, voltage and frequency drop significantly (voltage drops down to ~0,9 p.u.) twice 

in a time frame of four hours. 

 

Figure 3-1: Overview of events on the 10th of February 2020 – Dokweg 66 kV – Voltage (up) and frequency (bottom) 
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3.1 1st Event 

3.1.1 PFM Recording 

Recording: Monitor_2020.02.10 23.59.59.cfg 

Location: Dokweg 66 kV 

Date: 10.02.2020 

Time: 06:50:53 

Plots: 

 Figure 3-2: Voltage (top) and network frequency (bottom) 

 Figure 3-3: Voltage (top) and reactive power in WARTSILA1 and DOKWEG II-T12 (bottom) 

 Figure 3-4: Network frequency (top) and active power in WARTSILA and DOKWEG II-T1 

(bottom) 

Remarks: 

 Signal DOKWEG II-T2 shows a measured current of approximately zero, hence it is assumed that  

units 11 and 12 in Dokweg 2B are disconnected at the time of the event 

 Signal Spare CT 1 shows no measurements, hence it is assumed that  units 13 and 14 in Dokweg 

2B are disconnected at the time of the event 

 The bus coupler is closed at the time of the event 

 Lines to substations Isla 66 kV and Parera are in operation at the time of the event 

  

                                                

1 WARTSILA corresponds to 66/11 kV Transformer DW2SUT4 in Figure 2-1, where units Dokweg 2B - 

Unit 15 and Dokweg 2B – Unit 16 are connected 

 
2 DOKWEG II-T1 corresponds to 66/11 kV Transformer DW2SUT1 in Figure 2-1, where units Dokweg 2A - 

Unit 09 and Dokweg 2B – Unit 10 are connected 



 E v e n t s  o n  1 0 t h  o f  F e b r u a r y  2 0 2 0  

 

 
 

 

P 1 9 6 0  S e c u r i t y  o f  S u p p l y  i n  C u r a ç a o ’ s  E l e c t r i c i t y  S y s t e m  P a g e  1 4  |  4 8   

 

Figure 3-2: 1st event on the 10th of February 2020 – PFM Dokweg 66 kV – Voltage (up) and frequency (bottom) 
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Figure 3-3: 1st event on the 10th of February 2020 – PFM Dokweg 66 kV – Voltage (up) and reactive power (bottom) 
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Figure 3-4: 1st event on the 10th of February 2020 – PFM Dokweg 66 kV –Frequency (up) and active power (bottom) 
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3.1.2 SCADA 

Recording: Generation 202002.xlsx 

Plots: 

 Figure 3-5: Voltage (top) and reactive power in different network locations (bottom) 

 Figure 3-6: Network frequency (top) and active power in different network locations (bottom) 
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Figure 3-5: 1st event on the 10th of February 2020 – SCADA – Voltage (up) and reactive power (bottom) 
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Figure 3-6: 1st event on the 10th of February 2020 – SCADA – Frequency (up) and active power (bottom) 
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3.2 2nd Event 

3.2.1 PFM Recording 

Recording: Monitor_2020.02.10 23.59.59.cfg 

Location: Dokweg 66 kV 

Date: 10.02.2020 

Time: 09:16:56 

Plots: 

 Figure 3-7: Voltage (top) and network frequency (bottom) 

 Figure 3-8: Voltage (top) and reactive power in WARTSILA and DOKWEG II-T1 (bottom) 

 Figure 3-9: Network frequency (top) and active power in WARTSILA and DOKWEG II-T1 

(bottom) 

Remarks: 

 Signal DOKWEG II-T2 shows a measured current of approximately zero, hence it is assumed that  

units 11 and 12 in Dokweg 2B are disconnected at the time of the event 

 Signal Spare CT 1 shows no measurements, hence it is assumed that  units 13 and 14 in Dokweg 

2B are disconnected at the time of the event 

 The bus coupler is closed at the time of the event 

 Lines to substations Isla 66 kV and Parera are in operation at the time of the event _pu 

 

 



 E v e n t s  o n  1 0 t h  o f  F e b r u a r y  2 0 2 0  
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Figure 3-7: 2nd event on the 10th of February 2020 – PFM Dokweg 66 kV – Voltage (up) and frequency (bottom) 
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Figure 3-8: 2nd event on the 10th of February 2020 – PFM Dokweg 66 kV – Voltage (up) and reactive power (bottom) 
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Figure 3-9: 2nd event on the 10th of February 2020 – PFM Dokweg 66 kV –Frequency (up) and active power (bottom) 
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3.2.2 SCADA 

Recording: Generation 202002.xlsx 

Remarks 

 The SCADA recordings do not show the voltage drop at the 33 kV voltage level. Since the 

correspondence with the PFM measurement cannot be confirmed completely, no SCADA 

measurements are considered in the analysis, hence not included in the report.  
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3.3 Observations and Preliminary Conclusions 

1. Based on the information available, the most probable sequence of events is the following: 

a. Generating units DE3 and/or DE4 in NDPP power plant gradually change the operation 

from over- to under-excited in a time frame of approximately five minutes. As a result, 

voltage drops in all network locations by approximately 10%. 

i. The change in the reactive power generation in units DE3 and/or DE4 does not 

seem justified due to any voltage deviations. 

ii. There is not sufficient information to determine which generating unit (DE3 or 

DE4, or both) is responsible for the observed behavior. According to Aqualectra 

[4], this behaviour has been observed in the past in unit DE3. According to the 

same source, this behaviour was not triggered by an action of the plant or 

network operator. 

iii. After the initial voltage drop, voltage control in other generating units (e.g. in 

Dokweg 2A and 2B) is able to stabilise voltage and initiate recovery.  

iv. Approximately eight minutes after the initial voltage drop, generating units in 

NDPP power plant (DE3 and/or DE4) gradually return to their initial reactive 

power (over-excited).  

b. Approximately 2 minutes after the initial event in NDPP power plant (a), wind farms 

“Playa Canoa” and “Tera Cora 1” reduce their output power down to zero in a time frame 

of less than one minute. As a result, frequency decreases down to approximately 49,1 

Hz. 

i. SCADA measurements suggest that there is no sudden disconnection of the wind 

farms, but a sustained output power reduction. It is possible that not all wind 

turbines in the park disconnect at the same time, which would also lead to a 

more or less gradual decrease in the output power of the wind park. However, 

there is not sufficient information to confirm this hypothesis completely. 

ii. The disconnection of both wind farms is triggered by the voltage decrease in the 

network. According to [5], the undervoltage protection in the wind farms is set 

at 0,9 p.u. and 2,5 seconds (measured at the 33 kV busbar at the POC). The 

SCADA measurement shows that the minimum voltage during the event is 

slightly above 0,9 p.u. but since the value represents a one-minute average, it is 

highly possible that the voltage drops transiently below 0,9 p.u., thus activating 

the under-voltage protection of the wind turbines. 



 E v e n t s  o n  1 0 t h  o f  F e b r u a r y  2 0 2 0  
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iii. Unlike the other wind farms, wind farm “Tera Cora 2” maintains the same output 

power with no reduction. Therefore, it can be assumed that the under-voltage 

protection settings are different than in wind farms “Playa Canoa” and “Tera 

Cora 1”. 

iv. After the disconnection of the wind farms, frequency control in other generating 

units (e.g. in Dokweg 2A and 2B) is able to contain frequency decay and to 

recover it up to nominal values in less than 60 seconds since the initial drop. 

v. Approximately 10 minutes after the disconnection of the wind farms, when 

voltage has already recovered close to nominal values, wind farms “Playa Canoa” 

and “Tera Cora 1” start increasing their output power back to the “pre-event” 

value, which causes a slight over-frequency in the network (50,25 Hz). 

2. During the event, generating units in WARTSILA and Dokweg II-T1 provide voltage control by 

increasing reactive power contribution when voltage drops. However, it appears as if voltage 

control occurs only after a certain deadband is exceeded.  

a. Voltage controllers from WARTSILA and Dokweg II-T1 show important differences. 

WARTSILA seems to control output following an external setpoint that changes 

periodically, which might suggest some type of power plant controller. On the other 

hand, Dokweg II-T1 shows a more continuous type of control which suggests a 

decentralised voltage controller. In general, Dokweg II-T1 adapts faster to changes in 

the voltage. 

2. Generating units in WARTSILA and Dokweg II-T1 also provide frequency control by changing 

their output power to limit frequency excursion and to stabilise it afterwards. 

a. Similarly as for voltage controllers, frequency controllers from WARTSILA and Dokweg II-

T1 show important differences. WARTSILA seems to control output following an external 

setpoint that changes periodically, which might suggest some type of power plant 

controller. On the other hand, Dokweg II-T1 shows a more continuous type of control 

which suggests a decentralised frequency controller. In general, Dokweg II-T1 adapts 

faster to changes in the frequency. 
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4 Events on 11th of February 2020 

Recording: Monitor_2020.02.11 23.59.59.cfg 

Location: Dokweg 66 kV 

As shown in Figure 4-1, a drop in voltage occurs at approximately 08:24 hours. After 08:36 hours, system 

starts to show instabilities in both voltage and frequency, and eventually system collapses (09:13 hours) 

 

Figure 4-1: Overview of events on the 11th of February 2020 – Dokweg 66 kV – Voltage (up) and frequency (bottom) 
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4.1 1st Event 

4.1.1 PFM Recording 

Recording: Monitor_2020.02.11 23.59.59.cfg 

Location: Dokweg 66 kV 

Date: 11.02.2020 

Time: 08:24:33 

Plots: 

 Figure 4-2: Voltage (top) and network frequency (bottom) 

 Figure 4-3: Voltage (top) and reactive power in WARTSILA and DOKWEG II-T1 (bottom) 

 Figure 4-4: Network frequency (top) and active power in WARTSILA and DOKWEG II-T1 

(bottom) 

Remarks: 

 Signal DOKWEG II-T2 shows a measured current of approximately zero, hence it is assumed that  

units 11 and 12 in Dokweg 2B are disconnected at the time of the event 

 Signal Spare CT 1 shows no measurements, hence it is assumed that  units 13 and 14 in Dokweg 

2B are disconnected at the time of the event 

 The bus coupler is closed at the time of the event 

 Lines to substations Isla 66 kV and Parera are in operation at the time of the event 
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Figure 4-2: 1st event on the 11th of February 2020 – PFM Dokweg 66 kV – Voltage (up) and frequency (bottom) 
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Figure 4-3: 1st event on the 11th of February 2020 – PFM Dokweg 66 kV – Voltage (up) and reactive power (bottom) 
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Figure 4-4: 1st event on the 11th of February 2020 – PFM Dokweg 66 kV –Frequency (up) and active power (bottom) 



 E v e n t s  o n  1 1 t h  o f  F e b r u a r y  2 0 2 0  

 

 
 

 

P 1 9 6 0  S e c u r i t y  o f  S u p p l y  i n  C u r a ç a o ’ s  E l e c t r i c i t y  S y s t e m  P a g e  3 2  |  4 8   

4.1.2 SCADA 

Recording: Generation 202002.xlsx 

Plots: 

 Figure 4-5: Voltage (top) and reactive power in different network locations (bottom) 

 Figure 4-6: Network frequency (top) and active power in different network locations (bottom) 
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Figure 4-5: 1st event on the 11th of February 2020 – SCADA – Voltage (up) and reactive power (bottom) 
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Figure 4-6: 1st event on the 11th of February 2020 – SCADA – Frequency (up) and active power (bottom) 
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4.2 2nd Event 

4.2.1 PFM Recording 

Recording: Monitor_2020.02.11 23.59.59.cfg 

Location: Dokweg 66 kV 

Date: 11.02.2020 

Time: 09:16:56 

Plots: 

Time frame 08:00 – 09:20 hours 

 Figure 4-7: Voltage (top) and network frequency (bottom)   

 Figure 4-8: Voltage (top) and reactive power in WARTSILA and DOKWEG II-T1 (bottom) 

 Figure 4-9: Network frequency (top) and active power in WARTSILA and DOKWEG II-T1 

(bottom) 

Time frame 09:10 – 09:15 hours 

 Figure 4-10: Voltage (top) and network frequency (bottom)   

 Figure 4-11: Voltage (top) and reactive power in WARTSILA and DOKWEG II-T1 (bottom) 

 Figure 4-12: Network frequency (top) and active power in WARTSILA and DOKWEG II-T1 

(bottom) 

Remarks: 

 Signal DOKWEG II-T2 shows a measured current of approximately zero, hence it is assumed that  

units 11 and 12 in Dokweg 2B are disconnected at the time of the event 

 Signal Spare CT 1 shows no measurements, hence it is assumed that  units 13 and 14 in Dokweg 

2B are disconnected at the time of the event 

 The bus coupler is closed at the time of the event 

 Lines to substations Isla 66 kV and Parera are in operation at the time of the event 
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Figure 4-7: 2nd event on the 11th of February 2020 – PFM Dokweg 66 kV – Voltage (up) and frequency (bottom) 
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Figure 4-8: 2nd event on the 11th of February 2020 – PFM Dokweg 66 kV – Voltage (up) and reactive power (bottom) 
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Figure 4-9: 2nd event on the 11th of February 2020 – PFM Dokweg 66 kV –Frequency (up) and active power (bottom) 
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Figure 4-10: 2nd event on the 11th of February 2020 – PFM Dokweg 66 kV – Voltage (up) and frequency (bottom) 
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Figure 4-11: 2nd event on the 11th of February 2020 – PFM Dokweg 66 kV – Voltage (up) and reactive power 
(bottom) 
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Figure 4-12: 2nd event on the 11th of February 2020 – PFM Dokweg 66 kV –Frequency (up) and active power 
(bottom) 
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4.2.2 SCADA 

Recording: Generation 202002.xlsx 

Plots: 

 Figure 4-13: Voltage (top) and reactive power in different network locations (bottom) 

 Figure 4-14: Network frequency (top) and active power in different network locations (bottom) 
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Figure 4-13: 2nd event on the 11th of February 2020 – SCADA – Voltage (up) and reactive power (bottom) 
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Figure 4-14: 2nd event on the 11th of February 2020 – SCADA – Frequency (up) and active power (bottom) 
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4.3 Observations and Preliminary Conclusions 

1. The analysis of the first event on the 10th of February (see chapter 3.1), including the root cause 

investigations, is also applicable for the first event on the 11th of February. The only difference is that 

on the 11th of February, the change the operation from over- to under-excited occurs in units DE1 

and/or DE2, while on the 10th of February it corresponds to units DE3 and/or DE4. In both cases, the 

generating units are located in power plant NDPP.  

2. Some minutes after the 1st event occurs, and once system has stabilised, frequency and voltage 

begin to show an unstable behaviour which eventually leads to a blackout.  

a. There is a correlation between the beginning of the instabilities and the disconnection of the 

generators in Dokweg II-T1. It seems like these generators provide primary frequency 

regulation in the system which cannot be substituted (at least not by the generating units 

online at that moment). 

b. After the disconnection of the generators in Dokweg II-T1, voltage starts deviating and 

reaches values below 0,9 p.u. and above 1,1 p.u. Frequency deviates as well, reaching 

minimum and maximum values (before the blackout) of 48 Hz and 52,5 Hz, respectively. 

i. Prior to the blackout, wind farms “Playa Canoa” and “Tera Cora 1” disconnect once 

again due to undervoltage, reconnecting again (only wind farm “Tera Cora 1”) some 

minutes afterwards. This contributes to increasing the variations in voltage and 

frequency. 

ii. Wind farm “Tera Cora 2”, which remained connected during the first event (voltage 

drop), disconnects during one of the frequency or voltage excursions. Measurements 

show how frequency reaches values above 52 Hz and voltages above 1,1 p.u. 

According to [6], overfrequency protection of the wind turbines is adjusted at 52,5 

Hz for 1 second, while overvoltage protection is adjusted at 1,1 p.u. and three 

seconds.  

c. The blackout seems to be initiated by overvoltage conditions (above 1,1 p.u.), sustained for 

more than one minute, which eventually causes the disconnection of generation that leads to 

a frequency decrease.  

d. Frequency drop is not contained (at least not effectively) by the primary frequency regulation 

of the generating units or by the action of the under-frequency load-shedding scheme 

(UFLS). When frequency reaches 48 Hz, more generation disconnects and the RoCoF 

increases even more, eventually causing the blackout. 

3. The behaviour of generating units in WARTSILA and Dokweg II-T1 is not always the optimum to 

stabilise the system:  
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a. In overvoltage conditions, generators in Dokweg II-T1 increase the reactive power 

production, when it is exactly the opposite what would have been expected (see Figure 4-11 

at 09:10 hours) 

b. Frequency regulation of generators in WARTSILA show a delay in the response which causes 

that, in case of fast frequency variations, the actual response is counter-productive: increase 

of output power when frequency increases and vice versa (see Figure 4-12).  

c. Generators in Dokweg II-T1 increase their output power even when frequency is above 

nominal (see Figure 4-12 at 09:13 hours).  
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5 Conclusions and Recommendations 

The analysis of the network events on the 10th and 11th of February in 2020 leads to the main 

conclusions and recommendations summarised in the following table: 

Table 5-1: Summary of conclusions and recommendations 

# Conclusions Recommendations 

1 

Generating units in power plant NDPP occasionally and 
unexpectedly changed their operation from over-excited 
to under-excited, causing transient voltage drops down to 
approximately 0,9 p.u. in all network locations 

Detailed investigation in power plant NDPP to 
determine the root cause for the observed 
behaviour.  
 
Definition of mitigation measures to assure a 
stable operation. 

2 

Wind farms “Playa Canoa” and “Tera Cora 1” 
disconnected during the events, most probably due to 
the undervoltage protection settings, which are currently 
adjusted at 0,9 p.u. and 3 seconds. However, wind farm 
“Tera Cora 2” did not disconnect during the same events. 

Assessment to determine if the protection 
settings in wind farms “Playa Canoa” and “Tera 
Cora 1” can be modified to resemble those in 
wind farm “Tera Cora 2”, with the objective of a 
more robust and uninterrupted operation in case 
of grid faults. 

3 
Reconnection of wind farms “Playa Canoa” and “Tera 
Cora 1” and the subsequent output power ramp-up leads 
to transient overfrequency in the network. 

Reduction of the ramp-up gradient in wind farms 
“Playa Canoa” and “Tera Cora 1” to minimize the 
impact on network frequency 

4 

Generators in Dokweg 2A disconnected unexpectedly on 
the 11th of February, right after one of the voltage drop 
events occurred. However, for the same event the day 
before, those generators remained connected.  

Further investigation to determine the root cause 
of the disconnection. 

5 

Generators in Dokweg 2A seem to be critical for system 
stability: their disconnection on the 11th of February led 
to significant voltage and frequency variations which 

eventually caused the blackout. 

Further investigation to review the overall system 
concept for frequency and voltage regulation. 

6 

Generators in Dokweg 2A and Dokweg 2B show 
differences in their dynamic behavior for frequency and 
voltage control.  
 
Units in Dokweg 2B seem to have a superseded controller 
(e.g. power plant controller) which leads to a delayed 
response in case of fast frequency and/or voltage 
variations due to e.g. grid faults. 

Detailed investigation to determine frequency 
and voltage control characteristics in all power 
plants. Assessment of unit performance with 
respect to overall system control strategy, i.e. if 
performance criteria are fulfilled. 

7 
PFM configuration is not completely consistent with 
current network topology (e.g. signal IDs, spare signals) 

Update of PFM monitoring systems, so that the 
configuration is consistent with current network 
topology. 
 
Definition of procedure to update them in case of 
modifications in network topology.   

8 
PFM not accessible and/or did not capable of recording all 
events of interest 

PFM shall be accessible remotely and configured 

to assure that all relevant events in the system 
are recorded, which will support the analysis of 
future events. 
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1 Introduction 

On the 7th of December 2020, between 8:00 and 8:30 AM, several events occurred in the power system 

of Aqualectra in Curaçao which led to a blackout in the power system. This report includes the analysis of 

the sequence of events and the results of the preliminary investigations.  

2 Monitoring Systems  

Several PFM monitoring systems are installed in the main substations of Aqualectra. However, some of 

them are not accessible and/or did not record the events of interest on the specific data subject to 

analysis. The following table shows an overview of their current status: 

Table 2-1: DIgSILENT Monitoring systems – Aqualectra - Curaçao 

# Substation Type Status (07.12.2020) 

1 Isla NDPP PFM300 Available, with recordings available 

2 Isla 66 kV PFM300 Available, with recordings available 

3 Dokweg 1 PFM300 Not accessible 

4 Dokweg 2 PFM300 Not accessible 

5 Dokweg 66 kV PFM300 Available, with recordings available 

6 Mundo Nobo PFM2 Not accessible 

7 Tera Cora PFM2 Not accessible 

8 Playa Canoa PFM2 Not accessible 

 

In addition, there is a SCADA system from Aqualectra which records measurements from multiple 

locations in the power system. 

Annex A includes detailed information from the measurement signals available. 
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3 Recordings 

The following recordings have been used in the analysis of the events: 

Table 3-1: Recordings used in the analysis of the events 

File Name Source Resolution Duration 

Generation 202011_202012_1min.xlsx  SCADA 1-minute 
24/11/2020 00:00 
12/11/2020 03:45 

Load 202011_202012_1min.xlsx SCADA 1-minute 
24/11/2020 00:00 
12/11/2020 03:45 

Monitor_2020.12.07 23.59.59.dat  PFM300 – Dokweg 66 kV 1-second 
07/12/2020 00:00:00.000 
08/12/2020 00:00:00.000 

RMS_2020.12.07 08.30.34.dat PFM300 – Dokweg 66 kV 20-milisecond 
07/12/2020 08:29:34.360 
07/12/2020 08:30:34.360 

Monitor_2020.12.07 23.59.59.dat PFM300 – Isla 66 kV 1-second 
07/12/2020 00:00:00.000 
08/12/2020 00:00:00.000 

RMS_2020.12.07 08.30.34.dat PFM300 – Isla 66 kV 20-milisecond 
07/12/2020 08:29:34.360 
07/12/2020 08:30:34.360 

Monitor_2020.12.07 23.59.59.dat PFM300 – Isla NDPP 1-second 
07/12/2020 00:00:00.000 
08/12/2020 00:00:00.000 

RMS_2020.12.07 08.30.34.dat PFM300 – Isla NDPP 20-milisecond 
07/12/2020 08:29:34.360 
07/12/2020 08:30:34.360 
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4 Timeline of Events   

Based on the available recordings from the PFM and the SCADA, as well as the information exchange 

with the diesel engine manufacturer Wärtsilä [1], the sequence of events is shown in the following table.  

Annexes B and C include dedicated plots of the recordings used for the analysis of the events. 

Table 4-1: Timeline of events 

Time Event 

07:00:00 - 
08:07:41 

Power system operates stable very close to nominal frequency and with voltages slightly 
above nominal values (+3-5%) 

 

System demand gradually increases, which leads to a corresponding increase in the 
reactive power provision from the diesel units which are online in power plants Dokweg 

2A and 2B. These units provide frequency and voltage control (isochronous operation 
mode). 

08:07:41 – 
08:16:24 

Operators in power plants Dokweg 2A and Dokweg 2B change the operation mode of the 
generating units from isochronous to constant output active and reactive power 

operation. This causes several step-wise reductions in their reactive power provision, 
probably due to different setpoint than the actual value, leading to a gradual decrease in 

system voltage.  
 

Aqualectra informed that the operators have experienced in the past sudden 

disconnections of diesel units due to overloading, at times when the engines were 
operating close to the rated output power in isochronous mode. This was the reason why 

the isochronous mode was disconnected in power plants Dokweg 2A and Dokweg 2B. 

08:16:24 Trip of diesel unit #13 in power plant Dokweg 2B, which leads to: 

 System frequency drop down to 49,02 Hz  

 UFLS is triggered 

 Frequency stabilises afterwards around 49,17 Hz 

08:17:15 Trip of diesel units #15 and #16 in Dokweg 2B, which leads to a sudden frequency 

decrease and the activation of the UFLS. System voltage decreases from 0,95-0,96 p.u. 
to 0,92-0,93 p.u and is not able to stabilize (keeps decreasing) 

08:18:00 – 
08:20:00 

Trip of wind parks Playa Canoa and Tera Cora 1, probably due to undervoltage 
protection set at 0,9 p.u. 

08:18:32 Frequency does not recover and keeps decreasing gradually, which leads to the 
activation of the UFLS at approximately 48,8 Hz 

08:18:33 -

08:24:29 

System frequency and voltage gradually recover towards nominal values 

08:24:29 Ramp-up of unit #13 in power plant Dokweg 2B, along with increase in the output power 

in wind park Tera Cora II, which leads to: 
 Frequency increase from 49,6 Hz to 51,4 Hz, and stabilisation slightly above 51,3 

Hz 

 Voltage increase from 1,06 to 1,11 pu, and stabilisation around 1,1 p.u. 

08:25:53 Generating units 15 and 16 in Dokweg 2B reconnect and start ramping up  
 These units provide reactive power during ramp-up despite overvoltage (above 

1,1 p.u.) 

 System frequency and voltage start oscillating 



 T i m e l i n e  o f  E v e n t s  

 

 
 

 

P 2 0 2 9  S e c u r i t y  o f  S u p p l y  i n  C u r a ç a o ’ s  E l e c t r i c i t y  S y s t e m  P a g e  9  |  2 1   

Time Event 

08:28:00 – 

08:30:00 

Reconnection of wind parks Playa Canoa and Tera Cora 1 

08:30:32 Disconnection of one or several diesel units in power plant Dokweg 2A, which leads to: 
 Frequency drops from 51,8 to 49,0 Hz and voltage drops from 1,11 p.u. to 1,07 

p.u. 

 Afterwards, frequency and voltage increase up to 53 Hz and 1,13 p.u., 

respectively. 

08:30:00 – 

08:32:00 

Trip of wind parks Playa Canoa and Tera Cora 1 

08:30:40 Trip of the remaining diesel units in power plant Dokweg 2A  

08:30:42 Trip of diesel units in Dokweg 2B, followed by a system blackout. 
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5 Conclusions and Recommendations 

The analysis of the events reveals that the blackout is not a direct consequence of a single event in the 

power system, but to a series of events which start approximately 15 minutes before the blackout occurs. 

The following are identified as considered as the most relevant contributing factors to the blackout:  

 Change in the operation mode of various diesel units in power plants Dokweg 2A and Dokweg 2B 

from isochronous to constant output active and reactive power operation (08:07:41 – 08:16:24). 

Engine manufacturer Wärtsilä claims that this caused overloading in other diesel units, which 

eventually led to the disconnection of the power plant Dokweg 2B (08:16:24 and 08:17:15). 

o Aqualectra claims that the operators have experienced in the past sudden disconnections 

of diesel units due to overloading, at times when the engines were operating close to the 

rated output power in isochronous mode. That explains the switch on the operation 

mode from isochronous to constant output active and reactive power operation. 

o Ongoing discussion between Aqualectra and the engine manufacturer should provide 

more details regarding the exact root cause for the sudden disconnection (e.g. 

overloading) and the action items required towards a more reliable operation of the 

diesel units while providing frequency and voltage control. 

o Operation of generating units in constant power (active/reactive) mode does not 

necessarily lead to a stability issue in the power system, but it reduces system capability 

to overcome unbalances in the power system, i.e. it tends to reduce system stability 

margins. Therefore, voltage and frequency control should be prioritised as much as 

technically possible in all generating units in the power system. 

 Disconnection of wind farms Playa Canoa and Tera Cora 1 (08:18:00 – 08:20:00) in the post-

fault phase, presumably due to undervoltage, which caused additional load shedding and 

increased the difficulty of the power system to recover. Similarly, their reconnection 

approximately 10 minutes later, when the system was still operating with significant frequency 

and voltage deviations, affected system stability negatively. This behaviour has been observed as 

well in the analysis of past events, such as the blackout on the 11th of February, 2020 [2].  

o It is recommended to discuss with the wind farm operators/owners if the protection 

settings in wind farms Playa Canoa andTera Cora 1 can be modified to resemble those in 

wind farm Tera Cora 2 (which did not disconnect for the same events), with the objective 

of a more resilient operation in case of grid faults. 

o Reconnection of the wind farms should be performed manually only when system voltage 

and frequency are stabilised around nominal values. Moreover, the ramp-up gradients for 
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both active and reactive power should be limited to values which minimise the effect on 

system stability. 

 Diesel units in Dokweg 2B reconnected and ramped-up (08:25:53) when the system was still 

operating with significant frequency and voltage deviations, which affected system stability 

negatively. Moreover, these units were not participating in voltage and frequency control during 

the ramp-up, which led to an increase in system frequency and voltage which then turned into 

oscillations, as the other generating units in the system tried to compensate the generation 

increase. 

o Reconnection should be performed manually only when system voltage and frequency 

are stabilised around nominal values, with limited ramp-up gradients. If possible, at least 

voltage control should be activated during the ramp-up.  

Finally, in order to support the analysis of future events, it is recommended to review all monitoring 

systems to make sure that they are accessible remotely and that they are configured to record all major 

events that may occur in the future in the power system of Aqualectra. 
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7 Annex A: Measurement Signals 

Table 7-1: Measurement signals – PFM at Dokweg 66 kV 

Signal Enabled Feeder connection Location 

BUS-A X   DKW66/BB1 

BUS-B X   DKW66/BB2 

Spare VT    - - 

Bus coupler X  - DKW66/CB0 

BOO X No cable connected yet (spare) - 

NDPP X No cable connected yet (spare) - 

Wartsila X Feeder F03 
66/11 kV Transformer DW2SUT4  

(Dokweg 2B - Units 15 and 16) 

Isla 1 X Feeder F04 ISLA-Dokweg2 

Dokweg II-T1 X Feeder F05 
66/11 kV Transformer DW2SUT1  

(Dokweg 2A - Units 09 and 10) 

Parera X Feeder F07 Dokweg2-Parera 

Weis X No cable connected yet (spare) - 

Nijlweg X No cable connected yet (spare) - 

Spare CT 1   Feeder F10 
66/11 kV Transformer DW2SUT3 

(Dokweg 2B - Units 13 and 14) 

Isla 2 X No cable connected yet (spare) - 

Dokweg II-T2 X Feeder F12 
66/11 kV Transformer DW2SUT2 

(Dokweg 2A - Units 11 and 12) 

Spare CT 2    - - 

Spare CT 3    - - 

Spare CT 4    - - 

Digital Input 1 X  - - 

 

Table 7-2: Measurement signals – PFM at Isla 66 kV 

Signal Enabled Feeder connection Location 

Dwarskoppelveld sec. X 1 ISL 66/CB.L0 

spare   2 - 

Weis X 3 ISLA-Weis 

BOO-I X 4 66/30 kV Transformer BOO1 

Parera-I X 5 ISLA-Parera 

NDPP-I X 6 

66/11 kV Transformer 
NDPP1 

(Units DE1 and DE2) 

Langskoppelveld sec.-I X 7 - 

Langskoppelveld sec.-II X 8 - 

Nijlweg X 9 ISLA-Nijlweg 

BOO-II X 10 66/30 kV Transformer BOO2 



 A n n e x  A :  M e a s u r e m e n t  S i g n a l s  

 

 
 

 

P 2 0 2 9  S e c u r i t y  o f  S u p p l y  i n  C u r a ç a o ’ s  E l e c t r i c i t y  S y s t e m  P a g e  1 4  |  2 1   

Signal Enabled Feeder connection Location 

Parera-II X 11 ISLA-Dokweg2 

NDPP-II X 12 

66/11 kV Transformer 
NDPP2 

(Units DE3 and DE4) 

Dwarskoppelveld sec.-II X 13 ISL 66/CB.R0 

 

Table 7-3: Measurement signals – SCADA 

 

 

 

  

Signal Voltage Frequency 
Active  
Power 

Reactive  
Power 

Location 

ISL F06     x x NDPP1 (DE1 and DE2) 

ISL F12     x x NDPP2 (DE3 and DE4) 

DK2 F06 x   x x - 

DK2A K00 x x     Dokweg 2A plant BB1/BB2 

DK2B K00 x x     Dokweg 2B plant BB1/BB2 

TER H02     x x Tera Cora-Windfarm Tera Cora 1 

TER H08     x x Tera Cora-Windfarm Tera Cora 2 

BRG H04     x x Brievengat-Windfarm Playa Canoa 

BRG H01 x       Brievengat 30kV BB1/BB2 

PSA H01 x       Parasasa 30kV BB1/BB2 

JPL H01 x       Julianaplein 30kV BB1/BB2 

MNE H03     x x GT2SUT 



 A n n e x  B :  P F M  R e c o r d i n g s  

 

 
 

 

P 2 0 2 9  S e c u r i t y  o f  S u p p l y  i n  C u r a ç a o ’ s  E l e c t r i c i t y  S y s t e m  P a g e  1 5  |  2 1   

8 Annex B: PFM Recordings 
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Figure 1: PFM Recordings - Frequency and Active Power – From 6:00:00 to 08:31:00 hours 



 A n n e x  B :  P F M  R e c o r d i n g s  

 

 
 

 

P 2 0 2 9  S e c u r i t y  o f  S u p p l y  i n  C u r a ç a o ’ s  E l e c t r i c i t y  S y s t e m  P a g e  1 7  |  2 1   

 

Figure 2: PFM Recordings - Voltage and Reactive Power – From 6:00:00 to 08:31:00 hours 



 A n n e x  B :  P F M  R e c o r d i n g s  
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Figure 3: PFM Recordings - Frequency and Active Power – From 8:05:00 to 08:33:00 hours 



 A n n e x  B :  P F M  R e c o r d i n g s  
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Figure 4: PFM Recordings - Voltage and Reactive Power – From 8:05:00 to 08:33:00 hours 



 A n n e x  B :  P F M  R e c o r d i n g s  
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Figure 5: PFM Recordings - Frequency and Active Power – From 8:30:00 to 08:31:00 hours 



 A n n e x  C :  S C A D A  R e c o r d i n g s  
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9 Annex C: SCADA Recordings 

 

Figure 6: SCADA Recordings – System Demand– From 6:00:00 to 08:41:00 hours 

 

Figure 7: SCADA Recordings – Generation Output Power [MW]– From 6:00:00 to 08:41:00 hours 
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1 Introduction 

On the 10th of December 2020, approximately at 15:14:35 hours, the power system of Aqualectra 

experienced a blackout. This report includes the analysis of the sequence of events and the results of the 

preliminary investigations.  

2 Monitoring Systems  

Several PFM monitoring systems are installed in the main substations of Aqualectra. However, some of 

them are not accessible and/or did not record the events of interest on the specific data subject to 

analysis. The following table shows an overview of their status at the time of the events: 

Table 2-1: DIgSILENT Monitoring systems – Aqualectra - Curaçao 

# Substation Type Status (10.12.2020) 

1 Isla NDPP PFM300 Online, with recordings of the events available 

2 Isla 66 kV PFM300 Online, with recordings of the events available 

3 Dokweg 1 PFM300 Not accessible 

4 Dokweg 2 PFM300 Not accessible 

5 Dokweg 66 kV PFM300 Online, with recordings of the events available 

6 Mundo Nobo PFM2 Not accessible 

7 Tera Cora PFM2 Not accessible 

8 Playa Canoa PFM2 Not accessible 

 

In addition, there is a SCADA system from Aqualectra which records measurements from multiple 

locations in the power system. 

Annex A includes detailed information from the measurement signals available. 
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3 Recordings 

The following recordings have been used in the analysis of the events: 

Table 3-1: Recordings used in the analysis of the events 

File Name Source Resolution Duration 

Generation 202011_202012_1min.xlsx [1]  SCADA 1-minute 
24/11/2020 00:00 
12/11/2020 03:45 

Load 202011_202012_1min.xlsx [2] SCADA 1-minute 
24/11/2020 00:00 
12/11/2020 03:45 

Monitor_2020.12.10 23.59.59.dat [3] 
PFM300 – Dokweg 66 
kV 

1-second 
10/12/2020 00:00:00.000 
11/12/2020 00:00:00.000 

RMS_2020.12.10 15.14.35.dat [4] 
PFM300 – Dokweg 66 
kV 

20-milisecond 
10/12/2020 15:13:35.440 
10/12/2020 15:14:35.440 

Monitor_2020.12.10 23.59.59.dat [5] PFM300 – Isla 66 kV 1-second 
10/12/2020 00:00:00.000 
11/12/2020 00:00:00.000 

RMS_2020.12.10 15.14.35.dat [6] PFM300 – Isla 66 kV 20-milisecond 
10/12/2020 15:13:35.440 
10/12/2020 15:14:35.440 

Monitor_2020.12.10 23.59.59.dat [7] PFM300 – Isla NDPP 1-second 
10/12/2020 00:00:00.000 
11/12/2020 00:00:00.000 

RMS_2020.12.10 15.14.35.dat [8] PFM300 – Isla NDPP 20-milisecond 
10/12/2020 15:13:35.440 
10/12/2020 15:14:35.440 
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4 Timeline of Events   

The generation dispatch in the power system at 15:11:00 hours, prior to the blackout (15:14:35 hours), 

is shown in Table 4-1. The total demand at this time is 90,9 MW. Power flow across line Dokweg 66kV-

Parera is zero, hence it is assumed that this line is not in operation. Power flow across line Dokweg 66kV-

Isla 66 kV is 60,6 MW, which seems to be the only line connecting Dokweg 2A and 2B power plants to 

the rest of Aqualectra power system. 

Table 4-1: Generation dispatch at 15:11:00 hours 

Power Plant Units Output Power [MW] 

Dokweg 2A 

DG09 

24,6 DG10 

DG11 

DG12 

Dokweg 2B 
DG15 

18,2 
DG16 

Dokweg 2B 
DG13 n/a 

DG14 n/a 

NDPP 

DE1 0 (offline) 

DE2 4,9 

DE3 5,0 

DE4 5,1 

Dokweg1 

DG1 n/a 

DG2 n/a 

DG3 n/a 

DG4 n/a 

DG5 n/a 

DG6 n/a 

DG7 n/a 

Mundo Nobo GT2 5,3 

BOO - n/a (online) 

Wind Farm Playa Canoa - 3,6 

Wind Farm Tera Cora 1 - 4,0 

Wind Farm Tera Cora 2 - 8,6 
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Based on the available recordings from the PFM and the SCADA, the sequence of events is shown in 

Table 4-2. Annexes B and C include dedicated plots of the recordings used for the analysis of the events. 

Table 4-2: Timeline of events 

Time Event 

14:30:00 - 

15:12:00 

Power system operates stable at nominal frequency and with voltages close to nominal 

values (0,98-1,04 p.u.).  
 

Output power from diesel units in Dokweg 2A and 2B increase gradually during this time, 
following the slow increase in system demand. This continuous modulation suggests that 

these power plants are operating in isochronous mode.  

15:12:00 – 

15:14:35 

Diesel units in Dokweg 2B start reducing gradually their output power, while diesel units 

in Dokweg 2A start increasing it correspondingly. 
 

It is not clear the root cause for this change in the trend observed before. It could be 

due to a manual changeover in the diesel units in Dokweg 2B from isochronous mode to 
constant power.  

15:14:35 Trip of line Dokweg 66kV-Isla 66 kV when the power flow is 62 MW. The root cause is 

the activation of the overcurrent protection P139 in this line, adjusted at 0,88*In (~63 

MW), which is consistent with the power flow measured at the line right before tripping 
[9]. These settings trip the line when the current exceeds 88% of the rated current, i.e. 

before reaching 100% loading of the line. More information about the protection settings 
is included in Annex D. 

 

Since this is the only line connecting Dokweg 2A and 2B power plants to the rest of 
Aqualectra power system, both systems separate and different frequencies are observed: 

fast increase in the Dokweg 2A and 2B side, and fast decay in Isla 66 kV and Isla NDPP.  
 

As a result, UFLS is triggered and substantial loss of demand is observed. Despite this, 

system is not capable of stabilising and frequency keeps decreasing, followed by a 
system blackout. 
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5 Conclusions and Recommendations 

The analysis of the events reveals that the main cause leading to the blackout is the activation of the 

overcurrent protection of the line Dokweg 66kV-Isla 66 kV, currently adjusted at 0,88*In. This setting 

does not allow loading of the line above 88% of the rated current.  

It is recommended to review these protection settings in order to verify if there is any justified limitation 

that prevents that, in steady-state conditions, rated current can flow continuously through the line. 

Moreover, this review should be extended to the rest of protection functions in the line Dokweg 66kV-Isla 

66 kV, as well as the other transmission lines in Aqualectra power system.  

Moreover, prior to the blackout, line Dokweg 66kV-Parera was out-of-service, hence all generation from 

Dokweg 2 power plant was being exported through line Dokweg 66kV-Isla 66 kV. This operation has 

revealed as not N-1 secure with very critical consequences for system stability. Therefore, it is 

recommended to review operational practices in order to define a maximum power export from Dokweg 

2 power plant, especially when line Dokweg 66kV-Parera is out-of-service. 
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7 Annex A: Measurement Signals 

Table 7-1: Measurement signals – PFM at Dokweg 66 kV 

Signal Enabled Feeder connection Location 

BUS-A X   DKW66/BB1 

BUS-B X   DKW66/BB2 

Spare VT    - - 

Bus coupler X  - DKW66/CB0 

BOO X No cable connected yet (spare) - 

NDPP X No cable connected yet (spare) - 

Wartsila X Feeder F03 
66/11 kV Transformer DW2SUT4  

(Dokweg 2B - Units 15 and 16) 

Isla 1 X Feeder F04 ISLA-Dokweg2 

Dokweg II-T1 X Feeder F05 
66/11 kV Transformer DW2SUT1  

(Dokweg 2A - Units 09 and 10) 

Parera X Feeder F07 Dokweg2-Parera 

Weis X No cable connected yet (spare) - 

Nijlweg X No cable connected yet (spare) - 

Spare CT 1   Feeder F10 
66/11 kV Transformer DW2SUT3 

(Dokweg 2B - Units 13 and 14) 

Isla 2 X No cable connected yet (spare) - 

Dokweg II-T2 X Feeder F12 
66/11 kV Transformer DW2SUT2 

(Dokweg 2A - Units 11 and 12) 

Spare CT 2    - - 

Spare CT 3    - - 

Spare CT 4    - - 

Digital Input 1 X  - - 

 

Table 7-2: Measurement signals – PFM at Isla 66 kV 

Signal Enabled Feeder connection Location 

Dwarskoppelveld sec. X 1 ISL 66/CB.L0 

spare   2 - 

Weis X 3 ISLA-Weis 

BOO-I X 4 66/30 kV Transformer BOO1 

Parera-I X 5 ISLA-Parera 

NDPP-I X 6 

66/11 kV Transformer 
NDPP1 

(Units DE1 and DE2) 

Langskoppelveld sec.-I X 7 - 

Langskoppelveld sec.-II X 8 - 

Nijlweg X 9 ISLA-Nijlweg 

BOO-II X 10 66/30 kV Transformer BOO2 



 A n n e x  A :  M e a s u r e m e n t  S i g n a l s  
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Signal Enabled Feeder connection Location 

Parera-II X 11 ISLA-Dokweg2 

NDPP-II X 12 

66/11 kV Transformer 
NDPP2 

(Units DE3 and DE4) 

Dwarskoppelveld sec.-II X 13 ISL 66/CB.R0 

 

Table 7-3: Measurement signals – PFM at Isla NDPP 

Signal Enabled Feeder connection Location 

Generator 4 x K08 DE4 

Generator 3 x K07 DE3 

Generator 2 x K04 DE2 

Generator 1 x K03 DE1 

 

 

Table 7-4: Measurement signals – SCADA 

 

 

 

  

Signal Voltage Frequency 
Active  
Power 

Reactive  
Power 

Location 

ISL F06     x x NDPP1 (DE1 and DE2) 

ISL F12     x x NDPP2 (DE3 and DE4) 

DK2 F06 x   x x - 

DK2A K00 x x     Dokweg 2A plant BB1/BB2 

DK2B K00 x x     Dokweg 2B plant BB1/BB2 

TER H02     x x Tera Cora-Windfarm Tera Cora 1 

TER H08     x x Tera Cora-Windfarm Tera Cora 2 

BRG H04     x x Brievengat-Windfarm Playa Canoa 

BRG H01 x       Brievengat 30kV BB1/BB2 

PSA H01 x       Parasasa 30kV BB1/BB2 

JPL H01 x       Julianaplein 30kV BB1/BB2 

MNE H03     x x GT2SUT 



 A n n e x  B :  P F M  R e c o r d i n g s  
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8 Annex B: PFM Recordings 



 A n n e x  B :  P F M  R e c o r d i n g s  
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Figure 1: PFM Recordings - Frequency and Active Power – From 14:30:00 to 15:20:00 hours 



 A n n e x  B :  P F M  R e c o r d i n g s  
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Figure 2: PFM Recordings - Voltage and Reactive Power – From 14:30:00 to 15:20:00 hours 



 A n n e x  B :  P F M  R e c o r d i n g s  
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Figure 3: PFM Recordings – Frequency, Voltage and Power across Lines– From 14:30:00 to 15:20:00 hours 



 A n n e x  B :  P F M  R e c o r d i n g s  
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Figure 4: PFM Recordings - Frequency and Active Power – From 15:10:00 to 15:15:00 hours 



 A n n e x  B :  P F M  R e c o r d i n g s  
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Figure 5: PFM Recordings - Voltage and Reactive Power – From 15:10:00 to 15:15:00 hours 



 A n n e x  B :  P F M  R e c o r d i n g s  
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Figure 6: PFM Recordings – Frequency, Voltage and Power across Lines– From 15:10:00 to 15:15:00 hours 



 A n n e x  B :  P F M  R e c o r d i n g s  
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Figure 7: PFM Recordings - Frequency and Active Power – From 15:14:30 to 15:14:42 hours 



 A n n e x  B :  P F M  R e c o r d i n g s  
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Figure 8: PFM Recordings - Voltage and Reactive Power – From 15:14:30 to 15:14:42 hours 



 A n n e x  B :  P F M  R e c o r d i n g s  
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Figure 9: PFM Recordings – Frequency, Voltage and Power across Lines– From 15:14:30 to 15:14:42 hours 



 A n n e x  C :  S C A D A  R e c o r d i n g s  
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9 Annex C: SCADA Recordings 

 

Figure 10: SCADA Recordings – System Demand– From 12:00:00 to 15:22:00 hours 

 

Figure 11: SCADA Recordings – Generation Output Power [MW]– From 12:00:00 to 15:22:00 hours 



 A n n e x  D :  O v e r c u r r e n t  P r o t e c t i o n  ( P 1 3 9 )  S e t t i n g s  i n  L i n e  D o k w e g  6 6 k V - I s l a  6 6  k V  
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10 Annex D: Overcurrent Protection (P139) Settings in 

Line Dokweg 66kV-Isla 66 kV 

 

Figure 12: Overcurrent Protection (P139) Settings in Line Dokweg 66kV-Isla 66 kV [9] 
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1 Introduction 

On the 12th of December 2020, approximately at 19:02:32 hours, the power system of Aqualectra 

experienced a blackout. This report includes the analysis of the sequence of events and the results of the 

preliminary investigations.  

2 Monitoring Systems  

Several PFM monitoring systems are installed in the main substations of Aqualectra. However, some of 

them were not accessible and/or did not record the events of interest on the specific date subject of 

analysis. The following table shows an overview of their status at the time of the events: 

Table 2-1: DIgSILENT Monitoring systems – Aqualectra - Curaçao 

# Substation Type Status (12.12.2020) 

1 Isla NDPP PFM300 Online, with recordings of the events available 

2 Isla 66 kV PFM300 Online, with recordings of the events available 

3 Dokweg 1 PFM300 Not accessible 

4 Dokweg 2 PFM300 Not accessible 

5 Dokweg 66 kV PFM300 Online, with recordings of the events available 

6 Mundo Nobo PFM2 Not accessible 

7 Tera Cora PFM2 Not accessible 

8 Playa Canoa PFM2 Not accessible 

 

In addition, there is a SCADA system from Aqualectra which records measurements from multiple 

locations in the power system. 

Annex A includes detailed information of the measurement signals available. 

  



 R e c o r d i n g s  
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3 Recordings 

The following recordings have been used in the analysis of the events: 

Table 3-1: Recordings used in the analysis of the events 

File Name Source Resolution Duration 

Generation 20201124_20201222.xlsx [1] SCADA 1-minute 
24/11/2020 00:00 
23/12/2020 23:59 

Load 202011_202012_1min.xlsx [2] SCADA 1-minute 
24/11/2020 00:00 
23/12/2020 23:59 

Monitor_2020.12.12 23.59.59.dat [3] 
PFM300 –  
Dokweg 66 kV 

1-second 
12/12/2020 00:00:00.000 
13/12/2020 00:00:00.000 

RMS_2020.12.10 15.14.35.dat [4] 
PFM300 –  

Dokweg 66 kV 
20-milisecond 

12/12/2020 19:01:32.280 

12/12/2020 19:02:32.280 

Monitor_2020.12.12 23.59.59.dat [5] PFM300 – Isla 66 kV 1-second 
12/12/2020 00:00:00.000 
13/12/2020 00:00:00.000 

RMS_2020.12.10 15.14.35.dat [6] PFM300 – Isla 66 kV 20-milisecond 
12/12/2020 19:01:32.240 
12/12/2020 19:02:32.240 

Monitor_2020.12.12 23.59.59.dat [7] PFM300 – Isla NDPP 1-second 
12/12/2020 00:00:00.000 
13/12/2020 00:00:00.000 

RMS_2020.12.10 15.14.35.dat [8] PFM300 – Isla NDPP 20-milisecond 
12/12/2020 19:01:32.360 
12/12/2020 19:02:32.360 

  



 T i m e l i n e  o f  E v e n t s  
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4 Timeline of Events   

The generation dispatch in the power system at 19:00:00 hours, prior to the blackout (19:02:32 hours), 

is shown in Table 4-1. The total demand at this time is 85,7 MW. Power flow across line Dokweg 66kV-

Parera is zero, hence it is assumed that this line is not in operation. Power flow across line Dokweg 66kV-

Isla 66 kV is 59,7 MW, which seems to be the only line connecting Dokweg 2A and 2B power plants to 

the rest of Aqualectra power system. 

Table 4-1: Generation dispatch at 15:11:00 hours 

Power Plant Units Output Power [MW] 

Dokweg 2A 

DG09 

31,9 DG10 

DG11 

DG12 

Dokweg 2B 
DG15 

8,5 
DG16 

Dokweg 2B 
DG13 n/a 

DG14 n/a 

NDPP 

DE1 0 (offline) 

DE2 3,5 

DE3 5,1 

DE4 0 (offline) 

Dokweg1 

DG1 n/a 

DG2 n/a 

DG3 n/a 

DG4 n/a 

DG5 n/a 

DG6 n/a 

DG7 n/a 

Mundo Nobo GT2 16,2 

BOO - n/a (offline) 

Wind Farm Playa Canoa - 4,9 

Wind Farm Tera Cora 1 - 3,7 

Wind Farm Tera Cora 2 - 6,6 

 

 



 T i m e l i n e  o f  E v e n t s  
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Based on the available recordings from the PFM and the SCADA, the sequence of events is shown in 

Table 4-2. Annexes B and C include dedicated plots of the recordings used for the analysis of the events. 

Table 4-2: Timeline of events 

Time Event 

18:20:00 - 

18:48:00 

Power system operates stable at nominal frequency and with voltages close to nominal 

values (1,02-1,03 p.u.).  
 

Output power from diesel units in Dokweg 2A and 2B shows continuous modulation, 

which suggests that these power plants are operating in isochronous mode.  

18:48:00 – 

19:02:32 

Power flow across line Dokweg 66kV-Isla 66 kV gradually increases from 50 MW up to 

above 60 MW, which is consistent with an increase in the power production in Dokweg 
2A and 2B. 

19:02:32 Trip of line Dokweg 66kV-Isla 66 kV when the power flow is 63,8 MW. Subsequent 

investigations [9] have determined that the root cause is the activation of the 

overcurrent protection P139 in this line, adjusted at 0,88*In (~63 MW), which is 
consistent with the power flow measured at the line right before tripping. These settings 

trip the line when the current exceeds 88% of the rated current, i.e. before reaching 
100% loading of the line. More information about the protection settings is included in 

Annex D. 
 

Since this is the only line connecting Dokweg 2A and 2B power plants to the rest of 

Aqualectra power system, both systems separate and different frequencies are observed: 
fast increase in the Dokweg 2A and 2B side, and fast decay in Isla 66 kV and Isla NDPP.  

 
As a result, UFLS is triggered and substantial loss of demand is observed. Despite this, 

system is not capable of stabilising and frequency keeps decreasing, followed by a 

system blackout. 

19:02:32 – 
23:59:00 

Several unsuccessful trials for power restoration are observed. 

  



 C o n c l u s i o n s  a n d  R e c o m m e n d a t i o n s  
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5 Conclusions and Recommendations 

The blackout on the 12th of December of 2020 shares similar root causes and consequences with the 

blackout experienced two days earlier (10.12.2020), for which an investigation report is also available 

[10]. 

The analysis of the events reveals that the main cause leading to the blackout is the activation of the 

overcurrent protection of the line Dokweg 66kV-Isla 66 kV, currently adjusted at 0,88*In. This setting 

does not allow loading of the line above 88% of the rated current.  

It is recommended to review these protection settings in order to verify if there is any justified limitation 

that prevents that, in steady-state conditions, rated current can flow continuously through the line. 

Moreover, this review should be extended to the rest of protection functions in the line Dokweg 66kV-Isla 

66 kV, as well as the other transmission lines in Aqualectra power system.  

Prior to the blackout, line Dokweg 66kV-Parera was out-of-service, hence all generation from Dokweg 2 

power plant was being exported through line Dokweg 66kV-Isla 66 kV. This operation has revealed as not 

N-1 secure with very critical consequences for system stability. Therefore, it is recommended to review 

operational practices in order to define a maximum power export from Dokweg 2 power plant, especially 

when line Dokweg 66kV-Parera is out-of-service. 

  



 R e f e r e n c e s  
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7 Annex A: Measurement Signals 

Table 7-1: Measurement signals – PFM at Dokweg 66 kV 

Signal Enabled Feeder connection Location 

BUS-A X   DKW66/BB1 

BUS-B X   DKW66/BB2 

Spare VT    - - 

Bus coupler X  - DKW66/CB0 

BOO X No cable connected yet (spare) - 

NDPP X No cable connected yet (spare) - 

Wartsila X Feeder F03 
66/11 kV Transformer DW2SUT4  

(Dokweg 2B - Units 15 and 16) 

Isla 1 X Feeder F04 ISLA-Dokweg2 

Dokweg II-T1 X Feeder F05 
66/11 kV Transformer DW2SUT1  

(Dokweg 2A - Units 09 and 10) 

Parera X Feeder F07 Dokweg2-Parera 

Weis X No cable connected yet (spare) - 

Nijlweg X No cable connected yet (spare) - 

Spare CT 1   Feeder F10 
66/11 kV Transformer DW2SUT3 

(Dokweg 2B - Units 13 and 14) 

Isla 2 X No cable connected yet (spare) - 

Dokweg II-T2 X Feeder F12 
66/11 kV Transformer DW2SUT2 

(Dokweg 2A - Units 11 and 12) 

Spare CT 2    - - 

Spare CT 3    - - 

Spare CT 4    - - 

Digital Input 1 X  - - 

 

Table 7-2: Measurement signals – PFM at Isla 66 kV 

Signal Enabled Feeder connection Location 

Dwarskoppelveld sec. X 1 ISL 66/CB.L0 

spare   2 - 

Weis X 3 ISLA-Weis 

BOO-I X 4 66/30 kV Transformer BOO1 

Parera-I X 5 ISLA-Parera 

NDPP-I X 6 

66/11 kV Transformer 
NDPP1 

(Units DE1 and DE2) 

Langskoppelveld sec.-I X 7 - 

Langskoppelveld sec.-II X 8 - 

Nijlweg X 9 ISLA-Nijlweg 

BOO-II X 10 66/30 kV Transformer BOO2 



 A n n e x  A :  M e a s u r e m e n t  S i g n a l s  
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Signal Enabled Feeder connection Location 

Parera-II X 11 ISLA-Dokweg2 

NDPP-II X 12 

66/11 kV Transformer 
NDPP2 

(Units DE3 and DE4) 

Dwarskoppelveld sec.-II X 13 ISL 66/CB.R0 

 

Table 7-3: Measurement signals – PFM at Isla NDPP 

Signal Enabled Feeder connection Location 

Generator 4 x K08 DE4 

Generator 3 x K07 DE3 

Generator 2 x K04 DE2 

Generator 1 x K03 DE1 

 

Table 7-4: Measurement signals – SCADA 

 

 

 

  

Signal Voltage Frequency 
Active  
Power 

Reactive  
Power 

Location 

ISL F06     x x NDPP1 (DE1 and DE2) 

ISL F12     x x NDPP2 (DE3 and DE4) 

DK2 F06 x   x x - 

DK2A K00 x x     Dokweg 2A plant BB1/BB2 

DK2B K00 x x     Dokweg 2B plant BB1/BB2 

TER H02     x x Tera Cora-Windfarm Tera Cora 1 

TER H08     x x Tera Cora-Windfarm Tera Cora 2 

BRG H04     x x Brievengat-Windfarm Playa Canoa 

BRG H01 x       Brievengat 30kV BB1/BB2 

PSA H01 x       Parasasa 30kV BB1/BB2 

JPL H01 x       Julianaplein 30kV BB1/BB2 

MNE H03     x x GT2SUT 



 A n n e x  B :  P F M  R e c o r d i n g s  
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8 Annex B: PFM Recordings 



 A n n e x  B :  P F M  R e c o r d i n g s  
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Figure 1: PFM Recordings - Frequency and Active Power – From 18:20:00 to 19:20:00 hours 



 A n n e x  B :  P F M  R e c o r d i n g s  
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Figure 2: PFM Recordings - Voltage and Reactive Power – From 18:20:00 to 19:20:00 hours 



 A n n e x  B :  P F M  R e c o r d i n g s  
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Figure 3: PFM Recordings – Frequency, Voltage and Power across Lines– From 18:20:00 to 19:20:00 hours 



 A n n e x  B :  P F M  R e c o r d i n g s  
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Figure 4: PFM Recordings - Frequency and Active Power – From 19:02:15 to 19:03:00 hours 
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Figure 5: PFM Recordings - Voltage and Reactive Power – From 19:02:15 to 19:03:00 hours 
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Figure 6: PFM Recordings – Frequency, Voltage and Power across Lines– From 19:02:15 to 19:03:00 hours 
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Figure 7: PFM Recordings – Frequency, Voltage and Power across Lines– From 18:00:00 to 23:59:00 hours 
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9 Annex C: SCADA Recordings 

 

Figure 8: SCADA Recordings – System Demand– From 18:00:00 to 19:12:00 hours 
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Figure 9: SCADA Recordings – Active Power Measurements [MW]– From 18:00:00 to 19:12:00 hours 

 

Figure 10: SCADA Recordings – Reactive Power Measurements [Mvar]– From 18:00:00 to 19:12:00 hours 

 



 A n n e x  D :  O v e r c u r r e n t  P r o t e c t i o n  ( P 1 3 9 )  S e t t i n g s  i n  L i n e  D o k w e g  6 6 k V - I s l a  6 6  k V  
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10 Annex D: Overcurrent Protection (P139) Settings in 

Line Dokweg 66kV-Isla 66 kV 

 

Figure 11: Overcurrent Protection (P139) Settings in Line Dokweg 66kV-Isla 66 kV [9] 
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1 BACKGROUND 

On the 7th of December 2020, between 08:00 – 08:30, various events took place in the power 

system of Aqualectra which eventually led to a blackout in the power system. This report includes 

analysis of the event and recommendations.   

 

2 INSPECTIONS 

Dokweg 2A and 2B WOIS (Wärtsilä Operators Interface System) data was collected, data in WOIS 

system is seen in 1s resolution. Data can be saved in visual format (.jpg) or in (.csv) format for that 

data can be exported to other systems for closer analysis. Data from Dokweg 2A and 2B was 

saved between 07:00-09:00 for further analysis.   

 

3 ANALYSIS OF EVENTS 

 
Example: 

 Info: BAGXXXUP01PV = DGXXX Active power 

 Info: BAGXXXUQ01PV = DGXXX Active Reactive power 

 BAGXXXUF01PV = DGXXX Frequency (note only Dg9 is shown as all other engines will show same frequency, this for clarity 
of the graph) 

Figure 1. Dokweg 2A, Engine active, reactive power and frequency from 07:00 to 09:00 
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From 07:00 to 08:07 system is operating very stable and frequency is close to nominal. One note 

can be mentioned that engine 9 is seen to operate in kW-mode from at least 07:00 to 07:34.  

At 08:07 marked with red arrow, operators change Dokweg 2A engines operation mode from 

Isochronous load sharing mode to kW-mode (fixed output without load sharing). This action causes 

reactive power to reduce due to setpoint in WOIS was not set to correct level compared to prior 

operation in isochronous mode. This leads to decrease in system voltage. 

“Aqualectra informed that the operators have experienced in the past sudden  

disconnections of diesel units due to overloading, at times when the engines were  

operating close to the rated output power in isochronous mode. This was the reason why  

the isochronous mode was disconnected in Dokweg 2A.”  

Wärtsilä responds to this statement that isochronous mode is tested, and engines will not overload 

as the mechanical limiters have been adjusted correctly. However, operators decided to switch to 

kW-operation anyway. 

 

Figure 2. Dokweg 2B, Engine active, reactive power and frequency from 07:00 to 09:00 

 

From 07:00 to 08:07 system is operating very stable and frequency is close to nominal.  

At 08:07 marked with red arrow, operators change Dokweg 2A engines operation mode from 

Isochronous load sharing mode to kW-mode (fixed output without load sharing). This action causes 

reactive power to reduce due to setpoint in WOIS was not set/changed to correct level compared 
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to prior operation in isochronous mode. This leads to decrease in system voltage. We can see that 

Dokweg 2B tried to support system voltage by increasing the reactive power drastically. At 08:16-

08:17 Engine 13 trips due to overcurrent of reactive power and the system frequency has been 

dropping to 49.17-49.21Hz.  

At 08:17-08:18 Engines 15 and 16 trips due to overcurrent what leads to sudden frequency 

decrease and system voltage decrease. Eventually these events lead to system blackout in 

Dokweg 2A and 2B even the fast re-start of engines 13,15 and 16 which was not able to support 

the system sufficiently. 

   

Figure 3. Dokweg 2A and 2B, Engine active, reactive power and frequency from 07:00 to 09:00 

 

4 CONCLUSION AND RECOMMENDATIONS 

Change in operation mode at Dokweg 2A from isochronous load sharing to kW-mode caused 

overloading the units in Dokweg 2B due to sudden decrease in reactive power.  

Wärtsilä recommends arranging a training for operators to gain the trust back to different operation 

modes and prevent any failures of choosing correct operation mode for any different situation. 

Additional test to be executed to proof functionality of the Isochronous load sharing system and 

showing that engines will not go into overload. This for the operators to gain trust in the in the 

integrity of the system.  
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Operating mode changes, starting 8:04 am: 
 

 
Figure 4 Engine 9. 

 
Figure 5 Engine 10. 
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Figure 6 Engine 11. 

 
 
Engine 15 first unit what trip from overcurrent.  
 
This is Dokweg 2B engine what try to support network. Compensating low voltage with high 
reactive power.  
 

 
Figure 7 Engine 15 overcurrent trip. 

2 min later engine 13 trip from over current.  
 



 Document ID:  Revision: a  8 (8)

 
 

  

© 2021 Wärtsilä corporation − All rights reserved − Please read the Legal Notice and Disclaimer in the 1st page of this report. 

 
Figure 8 Engine 13 trip. 

 

 
Figure 9 Engine 16 overcurrent trip. 
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1 BACKGROUND 

On the 10th of December 2020, between 14:45 – 15:45, various events took place in the power 

system of Aqualectra which eventually led to a blackout in the power system. This report includes 

analysis of the event and recommendations.   

 

2 INSPECTIONS 

Dokweg 2A and 2B WOIS (Wärtsilä Operators Interface System) data was collected, data in WOIS 

system is seen in 1s resolution. Data can be saved in visual format (.jpg) or in (.csv) format for that 

data can be exported to other systems for closer analysis. Data from Dokweg 2A and 2B was 

saved between 14:00-17:00 for further analysis.   

 

3 ANALYSIS OF EVENTS 

 

- Engine 10 turbo washing December 10th, 2020, 14:24:14 engine mode to kW and P.F 

- 14:31:20 turbine wash active. Load 1300 kW.  

- 15:11:06 turbine was completed.  

- 15:11:55 engine set Isochronous operation from WOIS. Load ramping from 1300 to 7250 

kW.  

- 15:14:38 trip from reverse power. Auto stop active in several cylinder temps. Probably 

caused high ramp rate after turbo washing. B3 cylinder temp deviation alarm active longest 

time.  
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Figure 1 Engine 10 turbo washing. 

 
Figure 2 Operating mode. 
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Figure 3 Turbine washing. 

 

 
Figure 4 Turbine washing completed. 

 
Engine 10 set to auto / Isochronous, Ramping automatically load -> load sharing level.  
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Figure 5 Isochronous mode. 

 

 
 
 
Engine ramping down. This has been UNIC setpoint in Isochronous. After this generator breaker 
trip from reverse.  
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From UNIC 
 

 
Figure 6 setpoint went to zero before breaker trip. 

 

 
Figure 7 Auto stop active in several cylinders. Too high deviation in exhaust gas temp. B3! 
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4 CONCLUSION AND RECOMMENDATIONS 

15:11:55 engine set Isochronous operation from WOIS. Load ramping from 1300 to 7250 kW. It 

would have been more advisable to operate unit in kW-mode and ramp load in steps to normal 

operating load to avoid high exhaust gas temperatures. After this enable Isochronous operation.  
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1 BACKGROUND 

On the 12th of December 2020, between 18:30 – 19:30, various events took place in the power 

system of Aqualectra which eventually led to a blackout in the power system. This report includes 

analysis of the event and recommendations.   

 

2 INSPECTIONS 

Dokweg 2A and 2B WOIS (Wärtsilä Operators Interface System) data was collected, data in WOIS 

system is seen in 1s resolution. Data can be saved in visual format (.jpg) or in (.csv) format for that 

data can be exported to other systems for closer analysis. Data from Dokweg 2A and 2B was 

saved between 18:00-21:00 for further analysis.   

 

3 ANALYSIS OF EVENTS 

 

- Unit 15 trip 19:00:00 from reverse power. This would indicate that something bigger event 

in network side. Probably some feeder opens etc. Engine has tried to reduce load and 

finally trip due reverse power protection.  

 

- Unit 14 trip 19:03:07 from reverse power. Engine has probably tried to maintain frequency 

and when it has been too high unit ramp load down until it trips from reverse power 

protection.  

 

- Unit 16 trip 19:03:17 from reverse power. Engine has probably tried to maintain frequency 

and when it has been too high unit ramp load down until it trips from reverse power 

protection.  
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4 CONCLUSION 

According received information it seems that December 12, 2020 problems start from grid event. 

After grid event units try to balance frequency and were ramping down until reverse protection trip 

generator breakers.   
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1 BACKGROUND 

On the 4th of January 2021, 14:17:07, various events took place in the power system of Aqualectra 

which eventually led to a blackout in the power system. This report includes analysis of the event. 

 

2 INSPECTIONS 

Dokweg 2A and 2B WOIS (Wärtsilä Operators Interface System) data was collected, data in WOIS 

system is seen in 1s resolution. Data can be saved in visual format (.jpg) or in (.csv) format for that 

data can be exported to other systems for closer analysis. Data from Dokweg 2A and 2B was 

saved between 13:00-15:00 for further analysis.   

 

3 ANALYSIS OF EVENTS 

 

- Grid side events what cause high voltage alarm 14:17:07. 

 

- Unit 13 trip 14:17:12:221 from reverse power. This has been caused due engine has tried 

to reduce frequency to nominal by ramping load down until reverse power protection trips 

generator breaker.  

 

- Unit 16 trip 14:17:12:316 from reverse power. This has been caused due engine has tried 

to reduce frequency to nominal by ramping load down until reverse power protection trips 

generator breaker. 

 

- Unit 15 trip 14:17:12:323 from reverse power. This has been caused due engine has tried 

to reduce frequency to nominal by ramping load down until reverse power protection trips 

generator breaker. 

 

- Unit 14 unload to 800 kW and stay running.  
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4 CONCLUSION 

There has been big event in distribution side. Some feeder or bigger breaker has been opened and 

units have been unloading due high frequency / engine speed. 
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Opgesteld door: H.E. Dijk 

W. Kuijpers 
 

Samenvatting stand van zaken met betrekking tot het onderzoek naar de black-outs 

In december 2020 is Curaçao getroffen door aantal black-outs. Deze vonden plaats op 7, 10 en 12 

december. Naar aanleiding hiervan heeft Aqualectra DNV GL gevraagd om een onafhankelijk onderzoek 

uit te voeren naar de hoofdoorzaak van deze black-outs en op basis van de uitkomst aanbevelingen ter 

voorkoming van de black-outs voor de korte en lange termijn te doen.  

Ten tijde van het onderzoek heeft op 4-1-2021 een black-out plaatsgevonden. Analyse hiervan wordt 

ook in het onderzoek betrokken. 

Deze memo is bedoeld om de stand van zaken vanuit DNV GL perspectief door te geven, om onze 

huidige inzichten met Aqualectra te delen en om na te gaan of er in dit stadium van het onderzoek – het 

onderzoek is geenszins afgerond – kortetermijnoplossingen zijn voor het voorkomen van dit soort black-

outs. De bijlage vermeldt de referenties van de belangrijkste documenten/bronnen op basis waarvan we 

tot de inzichten zijn gekomen.  

Met de grootste nadruk vermelden wij dat ons huidige inzicht gebaseerd is op onvolledige informatie en 

dat dit later kan wijzigen, wanneer ons additionele informatie ter beschikking wordt gesteld.  

Oorzaak black-out – onder voorbehoud 

Uit de geraadpleegde documenten betreffende december black-outs leiden wij af dat Aqualectra moeite 

heeft met het beheersen van haar spanning-blindvermogenshuishouden, met name het effectief inzetten 

van de spanning-blindvermogensregeling van de generatoreenheden. Referentie 1, 4, 5 en 6 maken hier 

melding van in relatie tot het zoeken naar de hoofdoorzaak van de black-outs van 7, 10 en 12 december 

2020. Alleen referentie 6 (Wärtsilä) geeft een aanbeveling op basis van hun onderzoek en kennelijk op 

meer informatie (“het ontbreken van vertrouwen bij de operator”) die niet in het betreffende 

onderzoeksrapport is opgenomen: trainen van de operators. 

Relevant voor het zoeken naar een oplossing op korte termijn is de voorlopige constatering dat het 

vertrouwen bij de operators bij het zelfstandig en automatisch functioneren van de regelingen van de 

generatoreenheden ontbreekt of dat er onvoldoende instructies en trainingen zijn gegeven aan de 

operators. Tegen deze constatering kan echter worden ingebracht dat operators over een lange periode 

de eenheden hebben ingezet en zeer waarschijnlijk op een op succesvolle manier dus ook de 

generatorregelingen. Kennelijk zijn de operators in december 2020 geconfronteerd met voor hen 

uitzonderlijke netsituaties waardoor het in voorkomende gevallen (bijvoorbeeld als de eenheden tegen 

hun grens aan moeten worden bedreven) de generatorregelingen niet optimaal functioneerden. In het 

uiterste geval leidt zo’n uitzonderlijke situatie tot een black-out. Een belangrijke voorwaarde voor het 

automatisch laten functioneren van zowel de spannings-blindvermogensregeling als ook de frequentie-

werkzaam vermogensregeling is het beschikhaar houden van voldoende draaiende reserve (spinning 

reserve) en stand-by reserve (tijdig opstarten stand-by generatoren) om variaties in windparkvermogen 

en belastingsvraag en uitval van generatoren en CRU adequaat op te vangen.  
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De black-out van 10 december en mogelijk ook van 12 december lijkt veroorzaakt te zijn door een te 

laag ingestelde back-up overstroombeveiliging in de 66 kV verbinding Dokweg 2 – Isla. Voor deze 

cruciale verbinding (feitelijk de koppeling van de cruciale centrales Dokweg 2 met het 66 kV net en de 

overige opwekking en netbelasting) lijkt bovendien geen N-1 redundantie aanwezig, die automatisch en 

zonder onderbreking het getransporteerde vermogen overneemt 

Oplossing korte termijn – onder voorbehoud 

Voor de korte termijn zien wij een no-regret-oplossing: wat (na grondiger onderzoek) uiteindelijk de 

hoofdoorzaak van de black-outs is geweest, de voorgestelde maatregel voor de korte termijn zal deel 

uitmaken van de langetermijnoplossing. Ons voorstel houdt rekening met beide genoemde aspecten: 

• De inzet van de generatoreenheden afstemmen op de kennis en ervaring van de operators met de 

netsituatie(s). 

• On-the-job training van Aqualectra-operators door Wärtsilä. 

• Korte instructie/beschrijving met de volgende onderwerpen: 

o concept spannings- en frequentieregeling: welke generatoren staan op spannings- en 

frequentieregeling (isochroon en/of droop) en welke op instelbaar vast (blind)vermogen 

o benodigde draaiende reserve 

o wanneer stand-by eenheden op te starten of uit bedrijf te nemen.  

o Wanneer handmatig belasting afschakelen om black-out te voorkomen 

• Controle beveiligingsinstellingen Dokweg 2 – Isla kabel (is al in uitvoering, zie e-mail Jason) 

• Voeden Parera rechtstreeks vanaf Dokweg 2. Dit ontlast de verbinding Dokweg 2 – Isla 

• Via modelsimulatie nagaan of de verbinding Dokweg 2 – Parera welke redundantie kan bieden voor 

de verbinding Dokweg 2 – Isla, eventueel in combinatie met verschuiving dispatch van Dokweg 2 

naar NDPP-Dokweg 1 – GT. 

Oplossing lange termijn  

Voor het zoek en vinden van de langetermijnoplossingen van de het spanning-blindvermogensvraagstuk 

bij Aqualectra zal het storingsonderzoek moeten worden afgerond op basis van additionele informatie, 

wellicht ondersteund door netberekeningen. Onderdeel hiervan zal onder andere een uitvalanalyse zijn, 

een aspect die gezien de storing van 4 januari 2021 zeer relevant is geworden. 

Daarnaast bevelen we een review van de beveiligingscoördinatie van het 66 kV net en 

generatorbeveiligingen aan. 
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BIJLAGE 

 

Referentie Datum Beschikbaar gestelde informatie en voorlopig respons  

1 15-12-2020 DIgSILENT raport, P1960; Security of Supply in Curaçao’s Electricity 

System; Report on Trip Events in February 2020 

2 15-12-2020 E-mail van Darick Jonis; Meest relevante informatie: 

• De trapstanden van de NDPP-transformatoren stonden verkeerd bij de 

storing van 12 december. 

• Recentelijk is de regeling van (sommige) generatoren gezet op 

isochroon (isochronous mode) 

• Aqualectra vermoedt dat na de black-out van 7 december de instelling 

van de isochroon regeling veranderd was waardoor Aqualectra moeite 

had met het stabiliseren van de frequentie bij het herstel van de 

elektriciteitsvoorziening (12 december). 

• Inmiddels heeft Aqualectra in overleg met Wärtsilä de instelling van de 

isochrone regeling weer aangepast. 

• Aqualectra constateert (geruime tijd) spanningsschommelingen in het 

net die gepaard gaan met schommelingen in de 

blindvermogenslevering van de MAN-dieselgeneratoren van CRU: de 

cosinus phi van de generatoren schommelt tussen positief en negatief 

3 16-12-2020 E-mail van Darick Jonis; Informatie betreffende de black-out van 7 

december 2020: 

• Registratie verloop van frequentie, en actief en reactief vermogen van 

de eenheden (Dokweg 2A en 2B, en BOO1 en BOO2) 

• Registratie verloop van de 66 kV spanning (Dokweg en Isla) 

4 24-12-2020 E-mail van Harold Dijk; Analyse van Wim Kuijper van black-out 7december 

2020. Belangrijkste conclusies (voornamelijk) gebaseerd op de ontvangen 

registraties: 

• Het systeemgedrag is niet of zeer moeilijk te verklaren: de registraties 

zijn zeer beperkt, er ontbreken een aantal opwekeenheden en 

windparken. 

• Vermoedelijk is de black-out ingeleid is door een blindvermogenstekort, 

waardoor de spanning langzaam zakte, maar nog altijd binnen normale 

grenzen was. 

• Onder zeer groot voorbehoud is gesteld: de spanningsregeling en/of 

bediening door operators was/is niet op orde. 

5 4-1-2021 E-mail van Darick Jonis 
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Referentie Datum Beschikbaar gestelde informatie en voorlopig respons  

• DIgSILENT rapport, P2029; Security of Supply in Curaçao’s Electricity 

System; Analysis of Grid Events - 07.12.2020 

Conclusie: de verandering van de regeling van de Dokweg 2A en 

Dokweg 2B dieselgeneratoren van isochroon modus naar constant kW 

en kvar modus is de belangrijkste oorzaak van de black-out 

• DIgSILENT rapport, P2029; Security of Supply in Curaçao’s Electricity 

System; Analysis of Grid Events - 10.12.2020 

Nog geen conclusies 

• 4x hourly dispatch van de in bedrijf zijnde eenheden (7-12,2020 /8hrs, 

10-12-2020/14hrs, 12-12-20/17hrs en 1-4-2021/9hrs) 

6 4-1-2021 E-mail van Kees de Grijs 

• Wartsila document, Analysis of Grid Event on 7th of December 2020; 

DOKWEG 2A - 2B; W32 - W34 

• Voornaamste conclusie: Verandering van de regeling van de eenheden 

in Dokweg 2A van isochroon modus naar de kW-modus veroorzaakte 

overbelasting van de eenheden in Dokweg 2B door een plotselinge 

afname van blindvermogen. 

• Aanbeveling: Een training voor operators om het vertrouwen terug te 

winnen in verschillende bedrijfsvoeringsmodi van de eenheden en om 

te bewerkstelligen dat voor voorkomende situaties de juiste 

bedieningsmodus wordt gekozen. 

6 6-1-2021 E-mail van Wim Kuijpers 

• De trip van de Dokweg 66 kV kabel Dokweg 2 – Isla, 

(hoogstwaarschijnlijk) door de back-up overstroom beveiliging in de 

kabeldifferentiaal beveiliging (e-mail Jason Smit aan Digsilent)– de 

vraag is of de beveiliging correct is ingesteld. 

• De operators hebben geen ingrepen verricht aan de regelinstellingen 

(modus) van de generatoren 
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Planning van de inzet van de productie-eenheden en bepaling van bijbehorende MW- en Mvar 

regelstrategie 

 

In de memo van d.d. 9-1-2021 die een samenvatting van de stand van zaken met betrekking tot het 

onderzoek naar de december black-outs behandelt, is een aantal aanbevelingen opgenomen. Eén van de 

aanbevelingen betreft de planning van de inzet van de productie-eenheden en bepaling van bijbehorende 

kW- en kvar regelstrategie. Deze follow-up memo richt zich hierop. Meer specifiek houdt deze memo zich 

bezig met beantwoording van de volgende vraag:  

• Welke de productie-eenheden van Aqualectra moeten worden ingezet als: 

o de voorspelling (in uurwaarden) voor de volgende dag van de opwekking (in kW bij cos phi=x1) 

van de windparken bekend c.q. bepaald is 

o de voorspelling (in uurwaarden) voor de volgende dag van de belasting (in kW en kvar) bekend 

c.q. bepaald is 

• rekening houdend met de 

o beschikbaarheidseis van vermogensreserve (primaire reserve en secundaire/draaiende 

reserve): hoeveel, hoe snel beschikbaar? 

o Bedrijfsvoeringsfilosofie/regelconcept van Aqualectra ten aanzien van:  

▪ Frequentievermogensregeling 

▪ Spanningsblindvermogensregeling 

▪ Isochrone regeling (isochronous control), regeling met statiek (droop control, constante 

(blind)vermogen 

▪ Belastingafschakeling (load shedding) 

▪ Automatisch/Handbediening 

Bij de beantwoording van deze vraag wordt aan de hand van het opvragen van documenten en/of het 

doorvragen aan Aqualectra operators de huidige situatie betreffende voorbereiding en uitvoering van de 

bedrijfsvoering en zo helder mogelijk geformuleerd. Vervolgens wordt, indien nodig, in nauw 

samenwerking met Aqualectra experts de aangepaste voorbereiding en uitvoering van de 

bedrijfsvoering. Om de veranderingen overzichtelijk in beeld te brengen wordt de huidige wijze van 

bedrijfsvoering naast de aangepaste gezet in een onderstaande tabel. De nodige veranderingen moeten 

op korte termijn haalbaar zijn, kunnen worden ingevoerd en uitgevoerd (door de operators). 

 
1  De windparken leveren aan het net met nu met een cosinu phi = x, met x = 1; het is mogelijk dat in de toekomst x=0.9 wordt gevraagd. 
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Een meer uitgebreide beschrijving is in de bijlage opgenomen. 

 

Tabel 1 Huidige en aangepaste wijze van bedrijfsvoering 

 Huidige wijze van bedrijfsvoering Aangepaste wijze van bedrijfsvoering 
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Voorspelling van levering van de windparken 

op basis van 

Hoe? 

Voorspelling van levering van de windparken 

op basis van de windvoorspelling. 

Hoe 

Voorspelling van de belasting op basis van 

belastingspatronen (kWi,ti), i = 1,..24 

Hoe? 

Voorspelling van de belasting op basis van 

belastingspatronen waarden (kWi,ti) en kvari, i 

= 1,..24 
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Planning inzet van de productie-eenheden  
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Vragen Aqualectra ter beschrijving van de huidige en aangepaste wijze van bedrijfsvoering 

1. Meetdata opwekking ter indicatie van de vermogensvraag en de dispatch van de opwekeenheden: 

a. MW en Mvar output van de individuele generatoren (dieselgeneratoren, gasturbine), 

indparken, BOO koppeling, (en PV indien al grootschalig aanwezig) 

b. MW en Mvar flow in 66 kV verbindingen en 66/30 kV en 66/11 kV transformatoren 
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c. Spanningen op 66 kV stations en op 30 kV en 11 kV hoofdstations waar 66/30 kV en 66/11 

kV transformatoren zijn aangesloten 

d. Stand regelschakelaars 66/30 kV en 66/11 kV transformatoren 

e. Meetdata op uurbasis over twee representatieve weken. Bij voorkeur een week met veel wind 

en een week met weinig wind 

2. Overzicht met nominale vermogens (MW, cos phi) van de individuele opwekeenheden 

3. Operatorsinstructies met betrekking dispatch en/of spannings- en frequentieregeling van 

eenheden 

4. Normale bedrijfvoering: welke opwekeenheden staan in isochroon regeling, statiekregeling resp. 

op vast vermogen. Dit voor zowel werkzaam vermogen (frequentie-vermogensregeling) als 

blindvermogen (spannings-blindvermogens-arbeidsfactorregeling) 

5. Selke 66/30 en 66/11 kV transformatoren staan op automatische spanningsregeling en welke 

spanning wordt automatisch geregeld (66 kV of 30kV of 11 kV)? 
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BIJLAGE 
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1 Background 
 
In December 2020, Schneider Canada was contacted by K-Line International in regards to an issue that their customer 

Aqualectra was having with Schneider MiCOM relays. Aqualectra is the main utility company in Curaçao. The issue in 

question was described as a possible misoperation of the P746 busbar protection relays in the 66kV GIS SWG that K-Line 

provided and commissioned in Curaçao within a project they executed in 2015 which caused an island wide blackout on 

December 10th and 12th. Schneider Canada got in contact with an Aqualectra representative in order for them to extract the 

necessary files from the P746 relays (settings, logic, events, disturbance records) so that they were sent to us for analysis. 

After some email correspondence, we were able to receive from Aqualectra some of the requested information and after a 

preliminary analysis, it was not believed that the P746 had issued a trip to the entire busbar and caused the blackout. 

Aqualectra still decided to turn off the P746 relays in order to avoid another blackout and on January 4th, another trip on one 

of the feeder breakers of the 66kV GIS SWG occurred, therefore Aqualectra requested that a representative from K-Line 

International and a representative from Scheider Canada travelled to Curaçao in order to investigate what was the cause 

of these trips. 
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2 Investigation plan 
 
During the email exchanges that were had with Aqualectra, we were told that the circuit breakers that operated were Bay 

03, Bay 04 and Bay 10. The breaker that caused the blackout was Bay 04, and upon starting up the system after the 

blackout, on some instances Bays 03 and 10 operated (see below SLD): 
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Bay 03 and Bay 10 are incoming from the 11kV Dokweg-II/B substation and Bay 04 is a feeder that goes to the 66kV Isla 

sybstation. It is important to note that when this project was delivered on 2015, there was only the Dokweg-IIA substation. 

On 2019, Aqualectra added the Dokweg-IIB substation and converted two of the bays of the 66kV GIS SWG from feeder 

bay to transformer bays. These two bays that were transformed are bays 03 and 10, which are the ones that tripped during 

the start-up of the system after the blackout caused by the operation of Bay 04. Since the P746 busbar protection relays 

were off during the January 4th blackout, the plan was to connect to the protection relays in the affected bays (03, 04 and 

10) in order to extract the settings, logic, events and disturbance records in order to analyze what the relays did during these 

blackouts and try to find the cause of the trip. 

 

3 Investigation on Bay 04 
 

Bay 04 of the 66kV GIS SWG is protected by two MiCOM relays: P521 (for cable differential protection) and P139 (for 

overcurrent protection). We connected to both relays and extracted all the necessary files for the analysis. Since this is a 

feeder to the 66kV Isla substation, we connected to the P139 and P521 from the Isla substation to analyze what those 

relays saw as well. 

 

The two relays on the 66kV Isla substation did not register any relevant events for the dates in question (December 10th, 

December 12th and January 4th), therefore we concentrated our efforts in the relays of Bay 04 of the 66kV SWG. Upon 

analysis, we can see that on the dates of December 10th, 12th and January 4th, the P139 triggered a disturbance record that 

shows that the IDMT overcurrent function picked up: 
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Figure 1 - P139 Disturbance record of Dec 10th 2020 

 

 
Figure 2 - P139 Disturbance record of Dec 12th 2020 
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Figure 3 - P139 Disturbance record of Jan 4th 2021 

The current value on all three occasions when the IDMT function picked up was around 0.928 A secondary, which is 556.8A 

primary given that the CT is 600:1. When we see the settings of the IDMT function, we can see that the Iref P> value is 

0.88*Inom (Inom = 600A) which is 528A: 

 

 
Figure 4 - IDMT settings on P139 of Bay 04 
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We can then conclude that because the current seen by the P139 is higher than the IDMT threshold (556.8A > 528A), this 

has caused the P139 to issue a trip to the Bay 04 circuit breaker on December 10th, December 12th 2020 and January 4th 

2021. 

 

4 Investigation on Bay 03 
 

Bay 03 of the 66kV GIS SWG is protected by three MiCOM relays: two P631 (for transformer differential protection) and 

P139 (for overcurrent protection). We connected to all three relays and extracted all the necessary files for the analysis. 

The P631 relays did not register any relevant information for the dates in question. When we analyze the P139 relay, we 

can see that there are no Disturbance records for 2020 or 2021, which points out to the fact that the circuit breaker did not 

operate upon a protection element activating but rather it tripped because of something else. We then analyzed the 

Operating Data recording and we noticed that there was a common pattern on all three dates in question: 

 

 
Figure 5 - Operating data on Dec 10th 2020 
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Figure 6 - Operating data on Dec 12th 2020 

 

 

 
Figure 7 - Operating data on Jan 4th 2021 

As we can see above, it appears that the signal LOGIC Input 15 EXT is always present just before the circuit breaker 

opens (which we can see by the signal DEV01 which is assigned to Q0): 

 

 
 

Additionally, when we measure the time between the LOGIC Input 15 EXT signal appears and the DEV01 Switch.device 
closed signal disappears, it is always 61ms, which is about the normal time for the operation of a circuit breaker. This led 

us to believe that it was possible that LOGIC Input 15 EXT was the cause of the trip. This signal is an internal signal to the 

relay that can be used for various purposes, therefore we proceeded to analyze the settings file to find out how this signal 

was used: 

 
Figure 8 - Input assingment to LOGIC Input 15 EXT 
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Figure 9 - Output assingment to LOGIC Input 15 EXT 

As we can see above, Digital input U1206 will activate the internal signal LOGIC Input 15 EXT which will in turn activate 

Output relay K1402. When we look at the DC schematics, we can see that Digital input U1206 is activated by an alarm 

coming from the LCC GIS: 

 
Figure 10 - Digital input U1206 
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We then checked the DC schematics to see what was the purpose of Output relay K1402 and to our surprise, we saw that 

it was a spare: 

 
Figure 11 - Output relay K1402 as spare 

 

When we discussed with Aqualectra about the transformation of Bays 03 and 10 during the addition of the Dokweg-IIB 

substation and we were told that those two bays were rewired exactly as Bays 05 and 12 (which were two original 

Transformer bays from when the project was first delivered). We then asked to see the drawings that were used for this 

rewiring and we discovered that there was an wiring error and that in fact Output relay K1402 was wired to an open command 

to the circuit breaker: 

 
Figure 12 - Output relay K1402 going to Open command 
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Since during our visit the transformer of Bay 03 was out of service, we got the approval from Aqualectra to isolate that 

transformer and perform some testing to confirm our suspicion of the cause of the trip. We proceeded to isolate the 

transformer and closed the circuit breaker and then we activated Digital input U1206 which caused it to open, which 

confirmed our suspicion and the cause of the trip. It is important to note that this open command to the circuit breaker will 

only operate if the Local/Remote switch on the LCC is on the Remote mode. If the Local/Remote switch is in Local, the 

circuit breaker will not operate if Digital input U1206 is activated. 

 

 

5 Investigation on Bay 10 
 

Just as Bay 03, the same applies to Bay 10. 

 

 

6 Conclusion 
 
As per the above analysis, we can conclude that the cause of the blackouts are as follows: 

 
1. The current that is flowing through circuit breaker of Bay 04 is above the threshold of the IDMT overcurrent 

protection of the P139 which directed the relay to trip the breaker. 
 

2. There is a wiring error on transformer bays 03 and 10 which causes the P139 relays to issue a trip if Digital Input 

U1206 is activated. 
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7 Actions taken and recommendations 
 
 
After the addition of Dokweg-IIB substation, there was not a protection study that was performed in order to update the 

settings. It is recommended that a protection study is conducted in order to analyze all the new scenarios that are possible 

given that the 66kV substation now has 4 incoming transformers instead of 2 as it was when the project was delivered so 

that the protection settings on the MiCOM relays can be adjusted. Aqualectra asked the Scheider representative to turn off 

the IDMT function on the P139 of Bay 04 and at the Parera substation in order to avoid a nuisance trip until the new study 

is conducted. Additionally, the incorrect wiring of output K1402 at Bay 03 was temporarily removed to avoid nuisance tripping. 

It was planned to do the same thing to Bay 10, however since Bay 10 is in service it has not yet been done and will be done 

in the future by Aqualectra. No other wiring checks were performed on Bays 03 and 10 since the as built drawings were not 

readily available. It is recommended to perform a full commissioning of these two Bays whenever they can be out of service 

and generate clear as built drawings in order to avoid future problems as we cannot guarantee as of now that all problems 

have been fixed in those two bays. 

 

Once the investigation was done, we turned back on the P746 relays and it was discovered that one of the relays (the one 

for Phase B) has an alarm that cannot be cleared, so Schneider recommends to take that P746 out of service and send it 

for repairs.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 





From: Garmes, Rudolf
To: Smit, Jason; Granger, Jahnastasio; Ferrero, Richen; Kwidama, Rensley; Carolie, Morris
Cc: Jonis, Darick; Muzo, Vianney
Subject: FW: Setting new AVR DECS 250 NDPP (Isla site)
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Heren,
 
Zie onderstaand email van BWSC en de beschreven bevindingen mbt het omklappen van de powerfactor van de generatoren te MAN van positief naar negatief en visaversa.
Tevens zijn er acties die ze van ons verwachten om verder te gaan met hun onderzoek. Ik heb de verwachte acties geel ge-highlight.
 
Laten we deze acties voor einde van de werkdag op maandag 11 januari 2021 klaar hebben en opgestuurd hebben naar de personen van BWSC (en AQ) hieronder vermeld in
vorige email.
 
Mvg,
 

 

Rudolf Garmes
Manager Power Supply Chain

T +(5999) 463-2396
E rugarmes@aqualectra.com
W www.aqualectra.com

The content of this email is confidential and intended for the recipient specified in this message only. It is strictly forbidden to
share any part of this message with any third party, without a written consent of the sender. If you received this message by
mistake, please reply to this message and follow with its deletion, so that we can ensure such a mistake does not occur in the
future.

From: Henrik Strøberg <hjs@bwsc.dk>
Date: Saturday, January 9, 2021 at 4:44 PM
To: "Rudolf Garmes (Lito)" <rugarmes@aqualectra.com>
Cc: "Kwidama, Rensley" <rkwidama@aqualectra.com>, Stig Nielsen <sin@bwsc.dk>, Robert Erkens <rte@bwsc.dk>, Nikolaj Østergaard Sørensen <nzs@bwsc.dk>,
Peter Schiøth <pesc@bwsc.dk>
Subject: RE: Setting new AVR DECS 250 NDPP (Isla site)
 
 

CAUTION:This email originated from outside of the organization. Do not click links or open attachments unless you recognize the sender and know the content is safe.

 

Dear Rudolf,
Please find below the situation during the blackout January 4th.
DE1, DE2 & DE3 were not in operation. Only DE4 were in operation.
There were no fluctuations neither no under excitation on DE4.
It seems that DE4 were stable until the shutdown.
 
Regarding the concerns about fast changes from over- to under excitation. The below graphs shows that big and fast changes from PF 1 to PF -1.
I think a natural and logic confusion occurs because of the scaling of the PF on the graph representation. Be aware that PF 1 is equal to PF -1, as
well as PF 0,99 is very close to PF -0,99. There is only 0,02 in difference.
The fast jump and fluctuations from 1 to -1 looks wrong but it is not the case.
A jump from e.g. 0,8 to -0,1 would be the case if we should judge the AVR to fluctuate the excitation from over- to under excited. Additionally an
under excitation -0,1 or -0,2 would most likely cause loss of synchronism if the generator is under load.
However I can see at the DIGSILENT curves from the trips in February a measurement of negative reactive power. A deeper investigation is needed
to judge if the AVR’s on the NDPP (Isla site) station is causing such.  
Unfortunately some of the measurements from February are not trustworthy due to failures on several PFM’s.

Therefore it is important to receive the latest DIGSILENT report which contain measurements from well working PFM’s. Thank you. (ACTION
@Jason Smit)

 
As we agreed Friday evening on WhatsApp I need following AVR information’s:

1.  Reading from the AVR’s display: Please inform about the AVR’s operation mode (PF or ?) (ACTION @Granger Jahnastasio)
2.  Event and failure logs from AVR’s. You need to download Bestcom SW from Basler homepage. (ACTION @Ferrero, Richen, @Carolie, Morris,

@Kwidama, Rensley)
3.  Downloading of all 4 AVR settings. You need to download Bestcom SW from Basler homepage. . (ACTION @Ferrero, Richen, @Carolie, Morris,

@Kwidama, Rensley)
4.   

 
We will Monday continue the investigation and agree next step.
We will inform accordingly.
 
Thank you
Henrik
 

Blackout 2021-01-04 14:12…
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From: Garmes, Rudolf <rugarmes@aqualectra.com> 
Sent: 9. januar 2021 16:23
To: Robert Erkens <rte@bwsc.dk>
Cc: Kwidama, Rensley <rkwidama@aqualectra.com>; Stig Nielsen <sin@bwsc.dk>; Henrik Strøberg <hjs@bwsc.dk>
Subject: Re: Setting new AVR DECS 250 NDPP (Isla site)
 
Robert,
 
Thank you for your prompt reply.
On February 11th, 2020 we had a blackout in Curaçao. In the last month again we had 3 blackouts and last Monday again 1.
What we’ve seen just shortly prior to the blackout in February 2020 was that the engines at the MAN power plant go from over to under excitation and back within a few
seconds. This happend a few times. It is for this reason we requested via Nikolaj and Henrik that this part would be investigated. To us it seams very strange and almost
impossible that this type of change in powerfactor of the generators is normal.
 
We hope BWSC can help Aqualectra fast in this matter. The stakes are high and we need your assistance very urgently.
 
Thank you in advance.

Rudolf Garmes
Power Supply Chain Manager
Aqualectra
 
Tel: +5999 463 2396
Mob: +5999 526 8885
E-mail: rugarmes@aqualectra.com

 

Rudolf Garmes
Manager Power Supply Chain

T +(5999) 463-2396
E rugarmes@aqualectra.com
W www.aqualectra.com

The content of this email is confidential and intended for the recipient specified in this message only. It is strictly forbidden to
share any part of this message with any third party, without a written consent of the sender. If you received this message by
mistake, please reply to this message and follow with its deletion, so that we can ensure such a mistake does not occur in the
future.

On Jan 9, 2021, at 9:17 AM, Robert Erkens <rte@bwsc.dk> wrote:

CAUTION:This email originated from outside of the organization. Do not click links or open attachments unless you recognize the sender and know the
content is safe.
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Dear Rensley
 
I just had a phone conversation with Stig Nielsen our Technical Manager and also with Tor Hasselgren.
 
The parameter from the AVR will not and cannot change just by them self.
Attachments are the reports of DG-01 – 02 – 03 - 04.
 
Would you be so kind and inform me what is the problem you are have right now on the station?
I am asking this because Tor Hasselgren asked me what is the problem so he can give his input of what can be wrong.
 
Just let me know if you need more from my side.
 
Med venlig hilsen/Best regards
Robert Erkens

E-mail: rte@bwsc.dk
Direct phone: +45 48 12 52 77
Mobile: +45 61 60 45 90
Burmeister & Wain Scandinavian Contractor A/S
Gydevang 35 | P.O. Box 235 | DK-3450 Allerød | Denmark
Phone: +45 4814 0022 | Fax: +45 4814 0150 | www.bwsc.com
 
From: Kwidama, Rensley <rkwidama@aqualectra.com> 
Sent: 8. januar 2021 19:06
To: Robert Erkens <rte@bwsc.dk>
Cc: Garmes, Rudolf <rugarmes@aqualectra.com>
Subject: FW: Setting new AVR DECS 250 NDPP (Isla site)
 
Hello Robert,
 
On February 18 Morten sent the settings done by Tor but I have only from DG-1.
 
Is it possible that you can verify for me in your older mails that the other three was also sent and if not how can we communicate with Tor to get them ?  We need
those settings a.s.a.p. for Stroberg Henrik to do
some investigations for us so please your help.
 
Med venlig hilsen,
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Rensley Kwidama
Coordinator Instr. Maint. Power Plant

T +(5999) 463-2624
E rkwidama@aqualectra.com
W www.aqualectra.com
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The content of this email is confidential and intended for the recipient specified in this message only. It is strictly forbidden to
share any part of this message with any third party, without a written consent of the sender. If you received this message by
mistake, please reply to this message and follow with its deletion, so that we can ensure such a mistake does not occur in the
future.

From: Carolie, Morris <mcarolie@aqualectra.com> 
Sent: Monday, February 18, 2019 2:56 PM
To: Kwidama, Rensley <rkwidama@aqualectra.com>; Schotborgh, Henri <hschotborgh@aqualectra.com>
Subject: FW: Setting new AVR DECS 250 NDPP (Isla site)
 
F.Y.I
 

From: Morten Kühlmann Hansen [mailto:mokh@bwsc.dk] 
Sent: Monday, February 18, 2019 2:39 AM
To: Carolie, Morris
Cc: Robert Erkens; Peter Schiøth
Subject: RE: Setting new AVR DECS 250 NDPP (Isla site)
 
Dear Mr. Carolie
 
As request you will find the settings done by Tor Hasselgren back in 2016.
About the as build drawings I will have to search the archive and will get back to you later.
 
Med venlig hilsen/Best regards
Morten Kühlmann Hansen
Direkte tlf: +45 48125729
 
 

From: Carolie, Morris <mcarolie@aqualectra.com> 
Sent: 15. februar 2019 21:10
To: Morten Kühlmann Hansen <mokh@bwsc.dk>
Cc: Robert Erkens <rte@bwsc.dk>
Subject: Setting new AVR DECS 250 NDPP (Isla site)
 
Hi Morten,
 
Morten as you know  in July 2016 the AVR specialist Tor Hasselgren has install 4 new AVR Decs 250 on the 4 generators at NDPP.
My question is can you make contact with Tor Hasselgren so we can receive the  settings( parameters) install on the Decs 250.
We also need the as build drawings of the installed AVR’s Decs 250.

mailto:rte@bwsc.dk
http://www.bwsc.com/
mailto:rkwidama@aqualectra.com
mailto:rte@bwsc.dk
mailto:rugarmes@aqualectra.com
https://www.aqualectra.com/
mailto:rkwidama@aqualectra.com
http://www.aqualectra.com/
https://www.facebook.com/AqualectraUtilityCuracao/
https://twitter.com/AqualectraC
https://www.youtube.com/channel/UCe6o2ockko1YZ_IX8W1XLBA
https://www.linkedin.com/company/aqualectra-utility/
mailto:mcarolie@aqualectra.com
mailto:rkwidama@aqualectra.com
mailto:hschotborgh@aqualectra.com
mailto:mokh@bwsc.dk
mailto:mcarolie@aqualectra.com
mailto:mokh@bwsc.dk
mailto:rte@bwsc.dk


Hope to get your feedback very soon.
 
Best regards.
 
 
Morris.B.Carolie
Supervisor : Electrical & Instrument Maintenance
Aqualectra Production
Cell Phone : (00599-9) 5117949
Phone : (00599-9) 4632592
e-mail at work : mcarolie@aqualectra.com
e-mail at home : morrismosh@hotmail.com
 
            
 
<170207 Aquaelectra Isla DG01 DECS 250 settings after commissioning.pdf>
<170210 Aquaelectra Isla DG02 DECS 250 settings after commissioning.pdf>
<170210 Aquaelectra Isla DG04 DECS 250 settings after commissioning.pdf>
<170916 DG03 AVR parameters commissionied.pdf>
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Blackout events recovery actions
Action Type Conclusion for action Action describtion Status Statius describtion Due-date for action Responsable Accountable Informed Consulted

1

February 7th Recommendations Generation units in power plant NDPP occasionally and
unexpectedly changed their operation from over-excited to
under-excited, causing transient voltage drops down to
approximately 0.9 p.u. in all network locations

Detailed investigation in power plant
NDPP to determine the root cause for
the observed behavior. Definition of
mitigation measures to assure a stable
operation.

In Progress Analysis being performed by
BWSC. first indication is that an
operator error has occurred

03/26/21 J. Granger R. Garmers D. Jonis    Investigative Committee BWSC

2

February 7th Recommendations Windfarms "Playa Canoa" and Tera Cora I diconnected
during the events, most probably due to the undervoltage
protection settings, which are currently adjusted at 0.9
p.u.and 3 seconds. However, windfarm Tera Cora 2 did not
disconnect during the same events.

Assessment to determine if the
protection settings in windfarms Playa
Canoa and Tera Cora I can be
modified to resemble those in
Windfarm Tera Cora II, with the
objective of a more robust and
uninterrupted operation in case of grid
faults.

Finished Letter has been send to Nu
Capital. Further more various
meetings with Vestas and Nu
Capital are taking place

J. Smit R. Garmers D. Jonis Nu Capital

3
February 7th Recommendations Reconnection of Windfarms Playa Canoa and Tera Cora I

and subsequent output power ramp-up leads to transient
over frequency in the network

Reduction of the ramp-up gradient in
windfarm Playa Canoa and Tera Cora I
+ II to minimize the impact on network
frequency

Finished Letter has been send to Nu
Capital. Further more various
meetings with Vestas and Nu
Capital are taking place

J. Smit R. Garmers D. Jonis Nu Capital

4
February 7th Recommendations Generators in Dokweg IIA disconnected unexpectedly on

the February 11th, right after one of the voltage drop events
occurred. However, for the same event the day before,
those generators remained connected.

Further investigations to determine the
root cause of the disconnection

In Progress Various actions taking place J. Granger R. Garmers D. Jonis    Investigative Committee DigiSilent    K-Line    Schneider
Wärtsilä

5
February 7th Recommendations Generators in Dokweg IIA disconnected unexpectedly on

the February 11th, right after one of the voltage drop events
occurred. However, for the same event the day before,
those generators remained connected.

Investigate the Protection system of the
66 / 30 kV

Finished K-Line and Schneider are
investigating the performance of
the protection system

A. Guillermo J. Smit D. Jonis    R. Garmes K-Line    Schneider

6
February 7th Recommendations Generators in Dokweg IIA disconnected unexpectedly on

the February 11th, right after one of the voltage drop events
occurred. However, for the same event the day before,
those generators remained connected.

Investigate the function of SCADA In Progress A. Guillermo J. Smit D. Jonis    R. Garmes ABB-Scada

7
February 7th Recommendations Generators in Dokweg IIA disconnected unexpectedly on

the February 11th, right after one of the voltage drop events
occurred. However, for the same event the day before,
those generators remained connected.

Investigate why the voltage drop
occurred in the grid

Finished The voltage drop was caused
by changing the operation mode
of the power plants

R. Garmes D. Jonis None DNV-GL

8
February 7th Recommendations Generators in Dokweg IIA disconnected unexpectedly on

the February 11th, right after one of the voltage drop events
occurred. However, for the same event the day before,
those generators remained connected.

Perform an 66/30 kV protection system
study

In Progress DigiSilent has already engaged
in this study. due to internal
delays this study has not yet
been completed

J. Smit R. Garmers D. Jonis DigiSilent

9
February 7th Recommendations Generators in Dokweg IIA seem to be critical for system

stability: their disconnection on the February 11th led to
significant voltage and frequency variations which
eventually caused the blackout

Further investigation to review the
overall system concept for frequency
and voltage regulation

In Progress DNV-GL is performing an
voltage stability study

R. Garmes D. Jonis None DNV-GL

10

February 7th Recommendations Generators in Dokweg IIA and Dokweg IIB show differences
in their dynamic behavior for frequency and voltage control.
Units in Dokweg IIB seem to have a superseded controller
(e.g. power plant controller) which leads to a delayed
response in case of fast frequency and'or voltage variations
due to e.g. grid faults.

Detailed investigation to determine
frequency and voltage control
characteristics in all power plants.
assessment of unit performance with
respect to overall system control
strategy, i.e. if performance criteria are
fulfilled.

In Progress DNV-GL is performing an
voltage stability study

R. Garmes D. Jonis None DNV-GL    DigiSilent

11

February 7th Recommendations PFM configuration is not completely consistent with current
network topology (e.g. signal IDs, spare signals)

Update of PFM monitoring systems, so
that the configuration is consistent with
current topology. Definition of
procedure to update them in case of
modifications in the network topology

Finished PFM systems have been
updated

J. Smit R. Garmers D. Jonis    DigiSilent None

12

February 7th Recommendations PFM no accessible and/or did not capable of recording all
events of interest

PFM shall be accessible remotely and
configured to assure that all relevant
events in the system are recorded,
which will support the analysis of future
events

In Progress Various actions are taking place J. Smit R. Garmers D. Jonis    DigiSilent Aqualectra IT-Department

13 Ensure correct labels to signals in PFM Finished All Labels are correct J. Smit R. Garmers DigiSilent None

14
Ensure accessibility to all PFM systems In Progress Outside stations Tera Cora and

Playa Canoa are being worked
on. all other stations are online

J. Smit R. Garmers DigiSilent None

15 Install alarm monitoring system for
functionality of the PFM system

In Progress J. Smit R. Garmers DigiSilent DigiSilent

16
17

18

December 7th Recomendations Change in operation mode of various diesel plants in power
plants Dokweg IIA and Dokweg IIB from isochronous to
constant output active and reactive power operation
(08:07:41-08:16:24). Engine manufacturer Wartsila claims
that this caused overloading in other diesel units, which
eventually led to the isochronous to constant output active
and reactive power operation.

AQ claims that the operators have
experienced in the past sudden
disconnections of diesel units due to
overloading, at times when the engines
were operating close to the rated
output power in isochronous mode.
That explains the switch on the
operation mode from isochronous to
constant output active and reactive
power operation

Finished The operators changed the
operation mode of the plant
causing the system reverting to
the default setpoint. this
setpoint was lower than the
demand causing an instability

J. Granger R. Garmers D. Jonis    Investigative Committee Wärtsilä

24

December 7th Recommendations Disconnection of wind farms Playa Canoa and Tera Cora I
(08:18:00- 08:20:00) in the postfault phase, presumably due
to under voltage, which caused additional loadshedding and
increased the difficulty of the power system to recover.
Similarly, their reconnection approximately 10 minutes later,
when the system was still operating with significant
frequency and voltage deviations, affected system stability
negatively. this behavior has been observed as well in the
analysis of past events , such as the blackout on the11th of
February, 2020 [2].

It is recommended to discuss with the
windfarm operators/owners if the
protection settings in the windfarms
Playa Canoa en Tera Cora I can be
modified to resemble those in winfdarm
Tera Cora II (which did not disconnect
for the came events), with the objective
of a more resilient operation in case o
grid faults

Finished J. Smit R. Garmers D. Jonis    Investigative Committee DigiSilent    Wärtsilä

27 After blackout event issues Actions to stabilize grid and plant
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Action Type Conclusion for action Action describtion Status Statius describtion Due-date for action Responsable Accountable Informed Consulted

28 After blackout event issues Unload 66 kV cable DW-II ISLA Energize the Parera Transformer Finished Caused overloading of the DW
plants - ISLA

J. Smit R. Garmers D. Jonis    Investigative Committee DigiSilent    K-Line    Schneider

29 After blackout event issues 66 / 30 kV protection system analysis J. Smit R. Garmers D. Jonis DigiSilent

30 After blackout event issues Root Cause analysis high voltage 66 kV Analysis of the events and find
correlations between events

Finished Blackout report has been
submitted by Managmenment

R. Garmes D. Jonis None DNV-GL    DigiSilent

31 After blackout event issues Perform VAr study Analyze the way of dispatching the
Reactive Power

In Progress DNV-GL has been contracted
for further analysis

R. Garmes D. Jonis None DNV-GL    DigiSilent

32 After blackout event issues Investigate Ebbler system for proper working Ebbler system is functional Finished 66 kV transformers are A. Guillermo J. Smit D. Jonis    R. Garmes Eberle GmbH    Schneider

33 After blackout event issues Ensure proper working and understanding of Isochronous
operating system

J. Granger R. Garmers D. Jonis Wärtsilä

34 After blackout event issues Obtain system manual Functional working of the Isochronous In Progress

35
After blackout event issues Ensure proper settings for system operations Based on the protection study it will be

necessary to adapt the operational
settings
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