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Executive Summary 
This Final Report presents the consolidated outcomes of the assignment “Demonstrate and 
evaluate technical applicability of the innovative energy transition technologies for Viet Nam“ 
implemented under the GIZ–TEV Project. The report integrates and synthesizes: (i) the step-by-
step implementation evidence and datasets from the Demonstration Implementation Report 
(D2) and (ii) the structured evaluation results from the Assessment Report (D3), while reflecting 
inputs from the Technical Consultation Workshop (D4) where applicable. The overall objective 
is to provide decision-grade conclusions on effectiveness, feasibility, and scaling priorities for 
three innovative technologies that can accelerate Viet Nam’s energy transition and strengthen 
power system reliability: (1) Automatic Direct Load Control (ADLC) for Demand Response (DR), 
(2) Microgrid solution integrating Rooftop Solar (RTS) and Battery Energy Storage System 
(BESS), and (3) Distribution Automation System (DAS).  

 

Key conclusions: 

 

• DR (ADLC) demonstrated strong peak-shaving and controllability potential with fast 
response and high reliability, indicating readiness for broader replication in industrial 
settings, subject to programme rules, measurement protocols, and customer 
onboarding processes. 

• Microgrid (RTS+BESS) proved effective in improving self-consumption, reducing peak 
imports, and providing operational resilience (grid-connected and island modes), with 
feasibility dependent on site load profile, tariff design, interconnection constraints, and 
BESS sizing. 

• DAS delivered measurable reliability improvements through faster fault isolation and 
service restoration, particularly relevant for distribution grids with growing DER 
penetration, subject to communications robustness, device coverage, and integration 
with utility operational processes. 

 

The report also provides cross-cutting recommendations on governance, capacity development, 
etc., in order to advance these technologies as well as the energy transition in Viet Nam. 
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Chapter 1. Introduction 
 

1.1 Rationale & Background 
Viet Nam’s Revised Power Development Plan VIII (PDP8) and National Energy Master Plan 
envision a rapid transformation of the power sector, targeting substantial renewable energy 
penetration and the Net-Zero 2050 objective. However, these ambitions face significant 
challenges including grid congestion, intermittent renewable generation, and investment 
constraints for new transmission infrastructure. 

To mitigate these constraints, technological solutions that enhance grid flexibility, operational 
efficiency, and distributed energy integration are urgently required. Among these, Demand 
Response, Microgrid systems, and Distribution Automation represent promising pathways to 
improve both system reliability and energy efficiency. 

In this context, GIZ, in collaboration with the Electricity Authority of Viet Nam (EAV) under the 
Ministry of Industry and Trade (MOIT), has engaged Applied Technical Systems Joint Stock 
Company (ATS) to conduct a technical demonstration and assessment of the above-mentioned 
innovative solutions. The findings from this assignment are expected to inform policy and 
technical recommendations for large-scale deployment across Viet Nam’s power sector. 

 

1.2 Objectives of the Assignment 
 
The study aims to: 
 

• Demonstrate the functionality and operational effectiveness of DR, RTS+BESS 
Microgrid, and DAS technologies under actual operating conditions in Viet Nam; 

• Evaluate the technical suitability, operational feasibility, and replicability of these 
technologies; 

• Identify barriers and enabling factors for broader adoption; and 
• Strengthen local technical capacity among power sector stakeholders through hands-

on demonstration and data-driven assessment. 
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1.3 Overall Approach 
 
The methodological approach is designed to ensure that the three technologies are tested, 
assessed, and communicated in a structured, transparent, and replicable manner. It is based 
on four sequential stages: Preparation, Demonstration, Assessment, Results Presentation and 
Consolidation.  

 

a) Stage 1 – Preparation  
 

• Conduct kick-off meetings with GIZ to confirm technical scope, responsibilities, and 
implementation plan. 

• Review site-specific documentation (single-line diagrams, equipment specifications, 
load data, operational constraints, etc). 

• Prepare installation layouts, bill-of-materials (BoM) (if needed) for each demonstration site. 
• Finalize cooperation agreements with participating industrial and utility stakeholders 

for implementation. 
 
b) Stage 2 – Demonstration Implementation and Data Collection 
 

• Simulation & Design: For each technology, ATS performs pre-deployment simulations 
to forecast operational performance and refine system parameters. Simulation results 
will inform the calibration and control strategy of actual field tests. 
 

• Deployment & Installation: Procure and deploy, configure required equipment / devices  
in collaboration with host sites.  

 
• Execution of demonstration events: Execute the demonstration activities for each of 

the three technologies: 
o Automatic Direct Load Control for DR. 
o Microgrid with RTS + BESS. 
o Distribution Automation System (DAS). 

 
• Data Acquisition: Collect operational data through on-site monitoring system for 

subsequent evaluation. 
 

• Document activities in a structured report. 
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c) Stage 3 – Evaluation & Assessment 
 

• Evaluate recorded data against technical indicators. 
 

• Consolidate qualitative findings and identify lessons learned for broader replication. 
 

• Prepare the report summarizing findings from technical results and recommendations 
for scaling up.  

 
d) Stage 4 – Results Presentation & Consolidation 
 

• Technical Consultation Workshop: Present demonstration results and assessment 
findings to relevant stakeholders. Facilitate dialogue, validate results, and capture 
stakeholder feedback. 
 

• Final Consolidated Report : Prepare and submit the final synthesis report, integrating 
workshop feedback to ensure that findings and recommendations are comprehensive, 
practical, and validated. 

 
This four-stage methodology ensures that each technology is validated under real operating 
conditions, its performance assessed against standardized indicators, and its results 
communicated transparently to inform future regulatory and technical upscaling across Viet 
Nam’s power sector. 
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Chapter 2. Automatic Direct Load Control 
Technology for Demand Response 

 

2.1 Objective 
 
The demonstration of an Automatic Direct Load Control (ADLC) system for Demand Response 
(DR) aims to validate the technical feasibility, responsiveness, and operational reliability of the 
system for industrial consumers in Viet Nam. DR plays a pivotal role in modern power systems 
by enabling consumers to adjust or shift their electricity consumption in response to grid 
conditions or market signals. Its key advantages include: 

 

• Peak-load reduction: decreases system stress during high-demand hours and defers 
costly grid reinforcements. 
 

• Operational flexibility: supports the integration of variable renewable energy by 
providing fast-acting balancing capacity. 

 
• Economic efficiency: lowers electricity bills for consumers participating in demand-

response programmes and reduces system-wide marginal generation costs. 
 

• Environmental benefits: minimises the need to dispatch fossil-fuel-based peaking 
plants, thereby reducing GHG emissions. 

 

The deployment of this technology also supports rapid peak load reduction and smoothens the 
system load curve, thereby minimizing costs associated with mobilizing high-cost generation 
sources during peak hours and reducing the need for transmission system investments to 
prevent peak-hour overloads. This demonstration will provide empirical evidence for 
policymakers and utilities regarding the practicality of automatic DR in Viet Nam’s current grid 
environment and regulatory framework. 
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2.2  General System Architecture  
 
A simplified system schematic will be represented as follows: 
 

 

Figure 1. General Architecture of ADLC system for DR 

 
The ADLC system comprises some primary components: 
 

1. ATS SmartDCG: responsible for receiving DR request from RTO/ISO, sending DR signals, 
monitoring responses, and data logging. 
 

2. Switchgears: Installed at each load group, receives control signals and executes load 
curtailment or restoration commands automatically. 

 
3. Communication Network. 

 
4. Measurement Devices: Smart power meters capturing real-time load, voltage, current, 

and power-factor data. 
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2.3  Simulation  
 
Before physical installation, ATS conducted a desktop and software-based simulation to fine-
tune control logic and assess the expected load-response characteristics. 

In the simulation system, there are two factories (A and B) connected to a distribution grid 
which is managed, monitored, and controlled by a provincial dispatching center equipped with 
a Demand Response system. 

 

• Factory A: 
o Total load: 5000 kW 
o Uses a Conventional Load Control (CLC) system, which can only operate the main 

circuit breaker for the entire factory.  
o Factory A is simulated in Scenario 1. 
 

• Factory B: 
o Total load: 5000 kW, total Diesel Generator (DG): 5000 kW and total Battery 

Energy Storage System (BESS): 1000 kW. 
o Uses an Automatic Direct Load Control (ADLC) system, in which loads are divided 

into separate clusters with different priority levels and can be automatically 
switched on/off. 

o Factory B is simulated in Scenario 2, 3 and 4, and its specific configuration is 
described as follows: 

▪ In Scenario 2, Factory B includes five prioritized loads with priority levels 
from 1 to 5, namely: Load 1 – lighting, Load 2 – office load, Load 3 – 
industrial cooling system, Load 4 – control systems, and Load 5 – the 
production line. 

▪ In Scenario 3 and 4, Factory B includes a DG, an ESS and four prioritized loads 
with increasing priority levels, namely: Load 1 – lighting, Load 2 – office load, 
Load 3 – industrial cooling system and Load 4 – the production line. 

 

The ADLC system employs SmartDCG devices manufactured by ATS for monitoring, control, 
and intelligent switching logic. SmartDCG connects with the DR system to receive load-
shedding signals and interfaces with measuring and switching devices to ensure accurate 
monitoring and control. 

The ADLC is configured with the number of controllable and non-controllable loads and the 
priority level of each controllable load. It supervises and controls the circuit breakers of each 
load cluster to execute intelligent load shedding: cutting less critical loads first and high critical 
loads later; restoring high critical loads first and less critical ones afterward. 

The ADLC also connects to the main load meter to ensure the total shed load meets the DR 
system’s command. It monitors and controls the factory’s main circuit breaker to enable fast 
runback operations upon receiving quick load-shedding commands from the DR system. 
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Simulation scenarios are devided as: 

 

• Scenario 1: The DR system sends a load-shedding signal to the Conventional Load Control 
(CLC) of Factory A. CLC immediately executes the command by opening the main circuit 
breaker, resulting in a complete power outage for Factory A. The DR system successfully 
sheds all of load under Factory A. 
 

• Scenario 2: The DR system sends a Plimit to the ADLC of Factory B. The ADLC responds 
by shedding the least critical loads until power comsumption is lower than Plimit. 

 
• Scenario 3: The DR system sends a fast cut-off signal to the ADLC of Factory B. The 

ADLC responds by opening the main breaker, disconnecting the entire factory. 
 

• Scenario 4: The DR system modifies or cancels a DR event while it is still active (Dynamic 
DR Adjustment). 

 
 

2.3.1 CLC - Full Plant Trip 

2.3.1.1 Objective 
 
Demonstrate the operational drawbacks and economic impact of using the Conventional Load 
Control (CLC) scheme under demand response (DR) conditions. 

This scenario aims to highlight that: 

 

• The CLC scheme disconnects the entire plant upon receiving a DR event signal, 
regardless of actual load composition or priority. 
 

• Such non-selective load shedding causes unnecessary power interruptions to non-
critical and high-value processes. 

 
• The resulting wide-area power outage leads to production losses, equipment downtime, 

and reduced system reliability. 
 

• From an operational perspective, the CLC approach lacks flexibility and situational 
awareness, providing no real-time feedback or partial load optimization. 

 
• Consequently, CLC-based DR participation results in significant economic damage and 

inefficient energy management, emphasizing the need for an intelligent load control 
scheme such as ADLC. 
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This scenario demonstrates that using traditional load control methods, such as CLC or manual 
load shedding, results in significant economic losses and a loss of operational flexibility when 
participating in DR programs. Such an approach is disadvantageous for both DR participants 
and the system operator — participants suffer from full production shutdowns, while the 
operator lacks fine control and real-time adjustment capability. This limitation is also a key 
reason why traditional DR schemes have not been widely adopted, as they fail to provide the 
level of optimization and intelligent coordination required for modern power systems. 

 

2.3.1.2 Operating Principle 
 
In a CLC configuration, each participating plant is connected to the grid through a single main 
circuit breaker. The control system performs load reduction by opening this main breaker 
whenever a DR event is triggered. 

 

• When the DR system or operator sends a shed command, the CLC logic trips the entire 
plant, disconnecting all loads regardless of their priority or actual power consumption 

 
• This “all-or-nothing” control action results in a complete power loss for the facility, even 

if only a partial reduction of power would have been sufficient to meet the DR target. 
 

• The scheme lacks any mechanism to differentiate between critical, non-critical, and 
auxiliary loads, leading to unnecessary shutdowns of essential equipment and 
production lines. 

 
Overall, the CLC approach provides a simple but rigid control method that cannot support 
selective, prioritized, or feedback-based load management. While it satisfies the basic 
requirement of reducing demand, it does so at the expense of efficiency, reliability, and 
economic performance. 

 
The operation follows the CLC control cycle: 

 
DR Event Reception → Trip Command → Full Plant Disconnection→ Load Restoration 
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Detailed process: 

 
• DR Event Reception: The plant receives a DR signal or remote trip command from the 

central system or operator through the communication interface (e.g., Modbus TCP or 
IEC-104). The signal contains no information about load segmentation or target power 
reduction. 
 

• Trip Command: Upon receiving the DR signal, the CLC logic immediately issues a trip 
command to the main circuit breaker of the plant. This action disconnects all 
downstream loads, regardless of their operational status or priority. 

 
• Full Plant Disconnection: All electrical loads within the plant — including critical 

production equipment, lighting, HVAC, and auxiliary systems — lose power 
simultaneously. The total shed power equals the entire plant’s demand at the time of the 
event, typically far exceeding the required target power. 

 
• Load Restoration: After the DR event is cleared or the grid returns to normal, the main 

breaker is reclosed to restore power. This process introduces additional downtime, 
synchronization issues, and potential inrush current surges during re-energization. 

 

2.3.1.3 Simulation Configuration 
 

 
Figure 2. System configuration for non-selective load shedding 
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• Start the simulation system and ensure the main circuit breaker (CB_Main) of the plant 
is closed. If the breaker is open, manually close it before starting the test. 
 

• Verify that the DR Event Status is Inactive on the HMI screen. 
 

• Monitor and record the current active power consumption as the baseline operating 
condition before the DR event is triggered. 

2.3.1.4 Execution Steps 
 
Step 1: From the simulation interface, initiate a DR request from the RTO/ISO side with a 
specified target power (Plimit) lower or higher than the current plant consumption. Confirm that 
the DR Event Status changes from Inactive to Ongoing. 
 
Step 2: Upon receiving the DR signal, the CLC controller evaluates the request: 
 

• If Plimit < current plant power, issue a trip command to the main circuit breaker to 
disconnect the entire plant. 

 
• If Plimit ≥ current plant power, no action is required, and the plant remains connected. 
Observe on the HMI that the CB_Main status changes to Open and the Shed Power equals the 
total plant load at the moment of disconnection. 
 

 
Figure 3. Result of non-selective DR 

 
Step 3: After the DR event ends and the DR Event Status returns to Inactive, manually close the 
main circuit breaker to restore power to the plant. Verify that all loads are re-energized and the 
power readings at the POI return to their pre-event values. 
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2.3.1.5 Monitoring & Result 

• The main circuit breaker operates correctly according to the defined procedure — 
opening upon DR activation and reclosing after the event ends. 
 

• Confirm that the plant’s power consumption drops to 0 kW during the DR period, 
indicating a complete disconnection of all loads. 

 
• Ensure all operation data, including breaker status, DR event timestamps, and power 

trend curves of Plant B on both the DR Day and a normal (non-DR) day, are recorded by 
the monitoring system. 

 
• These datasets are to be exported and submitted to the grid operator (RTO/ISO) for 

verification and reward calculation associated with the plant’s participation in the DR event. 
 

 
Figure 3. Power comsumption of factory using conventional controller 

 

From the result plots, it can be observed that if a C&I customer only deploys a conventional load 
monitoring and control system, then during a Demand Response (DR) event the total power 
consumption of the entire plant is reduced to 0 kW, even though the required power limit 𝑃limitis 
only 3,800 kW. This indicates a severe over-curtailment of loads, far beyond what is technically 
necessary to comply with the DR requirement. 
 
Such operating behavior is inherently inefficient and leads to substantial economic losses, as a 
large amount of productive load is unnecessarily disconnected. The root cause lies in 
conventional controllers, which typically apply non-selective, rule-based load shedding without 
considering load priority, process constraints, or the actual margin between real-time 
consumption and the contractual power limit. As a result, the control strategy sacrifices 
operational efficiency for simplicity, rather than achieving an optimal balance between DR 
compliance and economic performance. 
 

DR Event is 
Ongoing 

DR 
Event is 
Inactive 

Plimit 
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2.3.2 ADLC - Selective DR 

2.3.2.1 Objective 
 
Demonstrate the automatic load control capability of the ADLC scheme under normal operation 
conditions. This DR program execution mode is suitable for C&I customers or facilities that do 
not use a BESS or a diesel generator. 
 
This test verifies that when a DR event is received with a target power (Plimit) lower than the 
current plant consumption, the ADLC system intelligently disconnects loads based on 
predefined priority levels, starting from low-priority to high-priority groups, until the total shed 
power satisfies the target requirement. 
 
The purpose is to confirm that: 
 

• Only non-critical (low priority) loads are shed, while critical loads remain unaffected. 
 

• The plant continues operating partially and stably during the DR event, avoiding total 
shutdown. 

 
• The ADLC’s selective and stepwise control improves flexibility, minimizes production 

loss, and enhances grid response efficiency. 
 
This type of DR event is utilized when the system operator identifies a local power shortage, 
such as in cases where the transmission or distribution infrastructure has not yet been 
upgraded or reinforced, leading to potential regional overloads. It is also applied when the cost 
of dispatching additional generation resources is higher than the incentive payment for 
participants in the DR program. Such DR events are typically pre-planned and scheduled in 
advance, not occurring unexpectedly, allowing participants sufficient time to prepare and 
adjust their operations accordingly. 
 

2.3.2.2 Operating Principle 
 
The ADLC system continuously monitors real-time power consumption and load statuses at the 
plant. Each load (or load group) is configured with a priority level and a corresponding rated power 
and has an operational status: InService (eligible for control) or OutService (excluded from control 
due to communication loss, maintenance, or operator lockout). When a DR event is triggered: 
 

• The ADLC compares Plimit from the DR request with the current total power (Ptotal). 
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• The controller first builds an eligible set of loads: only those marked InService (i.e., 
healthy communications, not locked out, not under maintenance) are candidates for 
shedding or restoration. Any OutService load is skipped and flagged on the HMI. 

 
• If Ptotal > Plimit, the ADLC automatically issues trip commands in ascending priority 

order across the eligible loads, sequentially disconnecting them until Ptotal ≤ Plimit. 
 

• If a target load becomes unreachable during command execution (communication 
failure) or is operator-set to OutService, it is bypassed, logged, and the algorithm 
proceeds to the next eligible load. 

 
• If Ptotal ≤ Plimit, no shedding occurs. 

 
• After the DR event ends, the system restores loads in reverse order of disconnection 

from the eligible (InService) set only, honoring the configured reconnection delay timers 
to avoid inrush or rebound effects. OutService loads remain disconnected until their 
status is cleared and they rejoin the eligible set. This selective shedding logic ensures 
that the DR requirement is met precisely, maintaining operational continuity while 
maximizing economic efficiency. 

2.3.2.3 Simulation Configuration 
 

 
Figure 4. System configuration for selective DR 
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• Start the simulation system and ensure all load breakers under ADLC control are closed 
and the  

 
• Verify that all loads in the plant have been configured with appropriate priority levels 

(Priority 0 – critical, Priority 1 – high, Priority 2 – medium, Priority 3 – non-critical, e.g.,). 
DR Event Status is Inactive. 

 
• Confirm each controllable load’s operational status: loads intended for DR control must 

be marked InService with healthy communications; any device under 
maintenance/operator lockout or with comms loss is tagged OutService and excluded 
from shedding/restoration eligibility. 

 
• Monitor the total consumption at the POI as the baseline operating condition before 

sending any DR command. 
 

2.3.2.4 Execution Steps 
 

• Step 1: From the simulation interface, send a DR request from the RTO/ISO with a Plimit lower 
or higher than the current total plant consumption and DR execution time (after 30 minutes). 
 

 
Figure 5. Simulate the DR request signal sent by the RTO/ISO 

 
• Step 2: Upon receiving the DR event, the ADLC computes the deficit ΔP=Ptotal −Pimit 

and starts the operator-specified countdown to the shedding start. It then builds an 
eligible list of loads (only those marked InService with healthy comms); any OutService 
load (maintenance, lockout, or comms loss) is excluded and alarmed. Shedding proceeds 
stepwise by descending priority (e.g., Priority 5 → 4 → 3 → 2 → 1), opening breakers from 
the eligible list until the measured power satisfies P total≤P limit; if a targeted load 
becomes OutService or fails to trip, it is bypassed and the sequence continues. 
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Figure 6. Results when the target power is lower or higher than the current load consumption 

 
• Step 3: Observe the load disconnection sequence and confirm that only lower-priority 

loads are affected. Critical loads (Priority 0) should remain connected unless the DR limit 
requires full curtailment.  

 
• Step 4: After the DR event ends (DR Status → Inactive), the ADLC automatically restores 

the loads. 
 

2.3.2.5 Monitoring & Result 
 

• During the test, monitor the countdown timer, breaker statuses, and real-time power 
measurements on the HMI. 
 

• Verify that when the countdown reaches zero, the ADLC performs the load-shedding 
sequence correctly according to the configured priorities. 

 
• Confirm that: 
➢ The total active power measured at the POI decreases smoothly and stabilizes at a value 

equal to or slightly below the target Plimit. 
 
➢ Only the necessary loads are disconnected to meet the DR requirement; critical loads 

remain energized. 
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➢ The DR Event Status changes appropriately (Active → Inactive) at the end of the event. 
 

➢ The ADLC automatically performs the step-by-step load restoration after the DR event 
ends, following the reverse order of disconnection and respecting delay timers between 
each step. 

 
➢ All operational data — including breaker operation logs, power trend curves, and event 

timestamps — shall be recorded by the monitoring system and exported for post-analysis 
and verification by the grid operator. 

 
 

 
Figure 7. Power consumption of factory using ADLC 

 
From the load profile, it can be seen that when the DR event starts, the ADLC system reduces 
the factory’s power consumption only to the required level and keeps it closely tracking the 
power limit Plimit, instead of curtailing all loads to zero. Throughout the DR event period, the 
total load remains stable around Plimit  , indicating that the controller performs selective and 
prioritized load adjustment, preserving critical processes while curtailing only flexible or low-
priority loads.  
 
When the DR event becomes inactive, the ADLC system smoothly restores the curtailed loads, 
and the power consumption returns to its normal operating level without significant transients. 
This demonstrates that ADLC can meet DR requirements while significantly reducing economic 
losses, as it avoids excessive load shedding and maintains essential industrial operations 
during DR events. 
 
 
 
 
 

Plimit 

DR event 
is Ongoing 

DR event 
is Inactive 
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2.3.2.6 Technology Assessment 
 
Based on the power consumption profile, the ADLC system demonstrates a highly precise and 
rapid response to the full plant trip scenario. 
 

• Trigger and Initial Response: The load profile shows the factory maintaining a baseline 
of approximately 4,100 kW until the DR event is triggered just after 10:02:27. 
 

• Rapid Ramp-Down: Upon activation, the ADLC system initiates an immediate 
curtailment. The power consumption drops from the baseline to the established Plimit 
(1,000 kW) in roughly 5 to 7 seconds. This rapid response is critical for maintaining grid 
stability during emergency events without requiring a total blackout of the facility. 

 
• Stability at Limit: Throughout the "Ongoing" phase, the system maintains the load 

consistently at the Plimit line with negligible oscillation, proving the controller's high-
speed processing and accuracy in selective load shedding. 

 
• Restoration Performance: Once the DR event is labeled "Inactive" (at approximately 

10:04:15), the ADLC system restores the power to the normal 4,100 kW level within 10 
seconds. This smooth ramp-up prevents sudden voltage transients that could damage 
sensitive industrial equipment. 

 
In summary, the effectiveness of the ADLC is further validated by its sub-10-second response 
time. When the DR event is triggered, the system executes a rapid ramp-down from the 4,100 
kW baseline to the 1,000 kW Plimit within approximately 5 to 7 seconds. This near-
instantaneous adjustment demonstrates the system's ability to provide high-speed 
contingency support to the grid. Furthermore, the restoration phase is completed in roughly 10 
seconds, showing that the system not only reacts quickly to protect the grid but also restores 
industrial productivity with minimal delay and high stability once the emergency period ends." 
 

2.3.3 ADLC - Fast Runback under Emergency DR 

2.3.3.1 Objective 
 

• In this scenario, the ADLC must immediately disconnect the entire plant by issuing a trip 
command to the main circuit breaker by passing the normal priority-based control and 
countdown sequence. 
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• The purpose is to verify that the ADLC can respond instantly and safely to severe grid 
conditions, protecting both the plant and the wider electrical network from instability or 
cascading failures. Most suitable for C&I facilities that use diesel generators as backup 
during power outages.” 

 
• This function ensures system protection and rapid demand relief in critical situations 

where time-based or stepwise shedding is insufficient. 
 

• This scenario demonstrates that the ADLC system can respond rapidly and effectively 
when the main grid experiences a fault or signs of instability, or when a severe power 
imbalance occurs within a very short period. In such situations, the system operator 
issues an emergency load-shedding command to the ADLC to immediately disconnect 
part or all the loads. Although this DR event typically lasts for a short duration, the 
immediate disconnection is crucial — as allowing the grid to collapse would result in a 
much longer and more widespread outage, causing significant economic losses for both 
the system operator and the customers. 

 

2.3.3.2 Operating Principle 

 
Under normal operation, the ADLC executes load shedding according to priority levels and 
scheduled timers. However, when the system operator (RTO/ISO) or grid monitoring logic detects 
a severe fault, under-frequency, or under-voltage event, an emergency DR signal is sent to the 
ADLC, triggering Fast Runback mode. 
 

• Upon receiving this emergency command, the ADLC immediately bypasses all normal 
shedding logic and issues a direct trip signal to the main circuit breaker. 

 
• The entire plant load is disconnected within seconds to prevent further grid deterioration. 

 
• Start the diesel generator to restore the power supply, ensuring the system is re-

energized after a grid outage. Then, re-energize all loads sequentially in accordance with 
the operating procedure and safety conditions. 

 
• The system records the event timestamp, breaker status, and associated alarms for 

post-analysis. 
 

• When the DR event ends, stop the diesel generator and restore all loads back to the main 
utility grid. 
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This emergency mode represents the highest-priority protection level within the ADLC hierarchy, 
designed to ensure safety and stability during extreme grid disturbances. 
 

2.3.3.3 Simulation Configuration 
 

• Start the simulation system and ensure that the main circuit breaker is closed, and the 
DR Event Status is Inactive. 

 
• Simulate an emergency DR signal from the RTO/ISO to the ADLC. 

 
• Verify that Fast Runback mode is ready to operate without any countdown or priority delay. 

 
• Monitor the plant’s baseline power at the POI before initiating the emergency event. 

 

 
Figure 8. System configuration for selective load shedding for full plant trip 

 

2.3.3.4 Execution Steps 
 

• Step 1: Confirm that the main circuit breaker is closed, the DR Event Status is Inactive, 
and the plant is operating under normal load conditions. 

 
• Step 2: From the simulation interface or the RTO/ISO control panel, trigger an 

emergency DR event to simulate a major grid contingency. Verify that the ADLC 
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immediately detects the emergency DR signal and automatically switches to Fast 
Runback mode. 

 
• Step 3: Upon activation of Fast Runback, the ADLC instantly issues a trip command to 

the main circuit breaker, bypassing all normal countdown and priority logic. Observe on 
the HMI that CB_Main status changes to OPEN within seconds, and the plant active 
power at the POI drops sharply to 0 kW, indicating complete load disconnection.  

 
• Step 4: Start the diesel generator and restore power supply to the loads. Maintain the 

DR condition for a short duration (e.g., 1–2 minutes) to simulate grid stabilization actions 
performed by the operator. 

 
• Step 5: After the DR event is cleared and the DR Event Status returns to Inactive, stop 

the diesel generator and close the CB_Main to restore power to the plant. Verify that 
power supply is successfully restored and that all system indicators return to normal. 

 
• Step 6: Record event timestamps, breaker operations, power trends, and alarm logs for 

post-analysis to evaluate response time, execution reliability, and system protection 
effectiveness during the emergency shedding process. 

 

  
Figure 9. Results of a full plant trip 
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2.3.3.5 Monitoring & Result 
 

• Confirm the ADLC responds immediately to the emergency DR signal: CB_Main opens at 
once and plant power drops to 0 kW within seconds and starts diesel generator. 

 
• After the DR event ends, stop the diesel generator and reclose CB_Main and verify 

normal operation is restored. 
 

• Collect response time, power trend, and event logs for submission to the system 
operator. 

 
• For settlement, compare the DR-day profile with the regular load (baseline) day to 

quantify curtailed energy. Because this case involves complete outage, the 
compensation should be higher than normal to reflect the full production loss and 
system impact. 

 

 
Figure 10. Power consumption of factory using ADLC in a full plant trip scenario 

 
In this scenario, when a DR event occurs under the fast runback mode, the main circuit breaker 
of the entire factory is tripped, resulting in an immediate loss of power to the loads. However, 
to avoid significant economic losses caused by prolonged power outages, the ADLC system 
actively controls the start-up of the DG, restoring power supply to selected loads and 
maintaining essential factory operations during the DR event. 
 
Before the DR event becomes inactive, the ADLC system commands the shutdown of the DG to 
ensure safe operating conditions. Only after the system is returned to a stable and secure state 
is the factory reconnected to the main utility grid. This coordinated control sequence enables 
fast DR response while minimizing economic impact and ensuring safe and reliable operation 
of the factory electrical system. 

DR event is 
Ongoing 

DR 
event is 
Inactive 

DG ON DG OFF 
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2.3.3.6 Technology Assessment 
The operational efficiency of the ADLC system in this scenario is characterized by its fast 
response time. When the fast runback mode is triggered, the factory load is curtailed from 4,100 
kW to zero in just 2 seconds, demonstrating high-speed protection of the grid interface. The 
system then minimizes the impact of the outage by coordinating the DG start-up, restoring 
power to essential operations within an 8 to 10-second window. Furthermore, the system 
manages the transition back to the utility grid with a recovery time of approximately 2 seconds, 
ensuring that the factory resumes normal production levels with minimal downtime and no 
significant transients. This sequence proves that the ADLC is capable of fulfilling 'Fast DR' 
requirements while providing robust business continuity through automated backup 
coordination: 
 

• Trigger and Response Speed: The load profile indicates a baseline of 4,100 kW before 
the DR event. Upon the trigger at approximately 10:14:34, the factory experiences an 
immediate trip. The ADLC system completes the full curtailment to zero in roughly 2 
seconds. 

 
• DG Integration and Restoration: Following the trip, there is an 8-second window where 

the ADLC system initiates the DG. Power is restored to critical loads by 10:14:44, again 
with a rapid ramp-up of roughly 2 seconds. This confirms the system's ability to 
transition from a total grid trip to essential backup operations in approximately 10 
seconds total. 

 
• Shutdown and Grid Reconnection: Before the DR event concludes (around 10:15:20), the 

ADLC executes a controlled shutdown of the DG. The subsequent reconnection to the 
utility grid is seamless, with the factory returning to its full 4,100 kW load by 10:15:23, 
which is around 3 seconds. 

 

2.3.4 ADLC - Real-Time Re-Optimization (Dynamic DR Adjustment) 

2.3.4.1 Objective 
 
Demonstrate the dynamic adaptability of the ADLC system when the system operator modifies 
or cancels a DR event while it is still active. Most suitable for C&I facilities that utilize both BESS 
and adjustable dynamic loads during the DR process. 
 

This scenario aims to verify that the ADLC can continuously monitor, evaluate, and re-optimize 
load-shedding operations in real time when: 
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• The target power limit is tightened (lowered) during an ongoing DR event. 
 
• The target power limit is relaxed (increased) as system conditions improve. 

 
• The DR event is canceled before its scheduled end time. 

 
The test will confirm that the ADLC: 
 

• Automatically recalculates the required shedding level and executes additional or 
reduced load control actions without delay. 

 
• Prevents power oscillations, over-shedding, or abrupt reconnection when the operator 

updates or cancels the DR signal. 
 

• Performs smooth and step-by-step restoration of previously disconnected loads with 
proper timing once the event is cleared. 

 
• Maintains stable system operation and accurate power tracking throughout the dynamic 

adjustment process. 
 
This scenario demonstrates the superior flexibility and intelligence of the ADLC compared to 
conventional load control methods, allowing real-time coordination with system operators and 
ensuring optimal performance even under continuously changing grid conditions. Moreover, 
the ADLC can be utilized by the system operator as an alternative frequency control 
mechanism, particularly in situations where frequency regulation through generation sources 
is not feasible or is more costly. By dynamically adjusting the load side in response to system 
conditions, the ADLC contributes to maintaining grid frequency stability and reducing 
operational costs for the overall power system. 

 

2.3.4.2 Operating Principle 
 
During normal operation, the ADLC continuously measures total plant power and compares it 
with the current target power limit received from the system operator. 

When a Demand Response (DR) event is active, The ADLC scheme prioritizes increasing the 
BESS discharge power first; if this is still insufficient, it then reduces the power of dynamic 
loads and finally sheds static loads in sequence according to predefined priority levels until 
Ptotal ≤ Plimit if necessary.  
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 In this scenario, the system operator may update or cancel the DR event while it is still ongoing. 
The ADLC automatically detects these changes and reacts in real time as follows: 
 

• If Plimit is tightened (lowered): the ADLC immediately calculates the new power 
difference ΔP = Ptotal – Plimit and reduces power consumption or disconnects 
additional low-priority loads until the new limit is satisfied. 
 

• If Plimit is relaxed (increased): the ADLC performs a controlled, step-by-step increasing 
power consumption and reconnection of previously shed loads in reverse priority order. 

 
• If the DR event is canceled: the ADLC smoothly reduces output power of BESS and 

restores all loads to normal operation and resets the system to standby mode. 

Throughout the process, the ADLC maintains stable power tracking and avoids abrupt changes 
that could disturb plant operation or grid stability. This adaptive control behavior allows the 
ADLC to support real-time balancing and frequency regulation, functioning as a fast and cost-
effective demand-side frequency control mechanism when generation-side regulation is 
limited or expensive. 

2.3.4.3 Simulation Configuration 
 
The simulation starts with the ADLC system already operating in an active DR mode. 

All priority loads have been configured, and several low-priority loads are already disconnected 
to maintain the current Plimit. The DR Event Status on the HMI shows Active, and the total plant 
power at the POI is stable and equal to or slightly below the current Plimit. 

 
Figure 11. System configuration for Dynamic DR Adjustment 
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Ensure that: 
 

• All communication links between the RTO/ISO, ADLC, and HMI/SCADA are active. 
 

• The load priority configuration and reconnection delay timers are properly set. 
 

• Real-time monitoring of Ptotal, Plimit, and breaker statuses is enabled for data logging. 
 

• This configuration provides the initial condition required to simulate dynamic DR 
updates, where the operator will adjust Plimit values or cancel the event during ongoing 
DR operation to test ADLC’s real-time adaptability and control stability. 

 

2.3.4.4 Execution Steps 
 

• Step 1: Start the simulation with the ADLC already in Active DR mode, maintaining the current 
Plimit₁. Confirm that output power response of BESS is increased and Ptotal ≈ Plimit₁. 
 

• Step 2: From the RTO/ISO control interface, tighten the Plimit (set Plimit₂ < Plimit₁) to 
simulate an increased curtailment requirement. Verify that the ADLC immediately 
calculates the new   ΔP = Ptotal – Plimit₂ and reduce power consumption of dynamic 
loads according to the next lower priority levels until the new limit is satisfied. 

 
• Step 4: Finally, cancel the DR event from the RTO/ISO interface. Verify that the DR Event 

Status changes from Active → Inactive, and the ADLC reduces BESS ‘s power and restores 
all remaining loads step by step until the plant returns to its normal operating state. 

 
• Step 5: Record event timestamps, breaker operations, Ptotal vs. Plimit trends, and 

response times throughout the test for comparison and validation. 
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Figure 12. Result of Dynamic DR Adjustment 

2.3.4.5 Monitoring & Result 
 
Monitor Ptotal, Plimit, and breaker statuses on the HMI throughout the test. Confirm that when 
Plimit is tightened, the ADLC promptly increases output power of BESS and reduces power 
consumption of low-priority loads, and when Plimit is relaxed, it restores loads gradually 
without causing oscillations or overshoot. 

Verify that: 

• The total power at the POI continuously tracks the updated Plimit values with a stable 
response. 

 
• Load shedding follows the configured priorities. 

 
• When the DR event is canceled, the DR Event Status changes to Inactive, and all loads 

are fully restored. 
Compare the DR-day power curve with the baseline (non-DR) day to quantify actual curtailed 
energy and validate ADLC’s dynamic adjustment capability. This data will be used for 
performance evaluation and compensation calculation by the system operator. 
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Figure 13. Power Consumption and BESS’s output power response in Dynamic DR Adjustment Scenario 

 
The dynamic Demand Response adjustment behavior of the factory can be clearly observed 
with the coordinated operation of selective load control and the BESS. When the DR event is 
triggered, the total power consumption is first reduced to comply with Plimit1, mainly through 
selective curtailment of dynamic loads. This initial response provides a fast and controllable 
reduction in demand while maintaining the operation of critical loads. 

As the DR requirement becomes more stringent and the target is tightened to Plimit2, the BESS 
is activated to inject power, supporting the load reduction without requiring further aggressive 
curtailment of production-related loads. During this period, the combined action of dynamic 
load adjustment and BESS output allows the total power consumption to track the lower power 
limit smoothly and stably. Once the DR event becomes inactive, the BESS output is ramped 
down and the dynamic loads are restored, enabling the factory’s power consumption to return 
to its normal operating level without significant transients. 

 

2.3.4.6 Technology Assessment 
 
The technical agility of the ADLC during this dynamic scenario is further evidenced by its 
precise response timing. The system achieves the initial Plimit1 reduction in just 12 seconds 
and completes the more complex transition to Plimit2 involving full BESS integration, in 15 
seconds. These sub-20-second response times demonstrate that the ADLC can provide 'Real-
Time Re-Optimization' that meets modern grid flexibility requirements. Furthermore, the 14-
second recovery phase ensures that the factory returns to full productivity without the 
disruptive transients typically associated with large-scale industrial load restoration. 

 

• Initial Response Time (to Plimit1): Upon the DR event trigger at 10:41:08, the system 
reduces power consumption from the ~3,300 kW baseline to the Plimit1 level (approx. 2,900 
kW) in 12 seconds. This is achieved through the rapid curtailment of dynamic loads. 

 

Plimit1 

Plimit2 
DR event 

is Ongoing 
DR event 

is Inactive 

BESS Power 

Dynamic Load 

Power Consumption 
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• Secondary Transition Time (Plimit2): As the grid requirement tightens at 10:41:48, the 
ADLC initiates a transition to the lower Plimit2 (approx. 1,900 kW). This phase takes 15 
seconds to stabilize, during which the BESS is actively ramped up to its peak output of 
1,000 kW to offset the load. 

 

• Restoration Response: Once the event is marked "Inactive" at 10:42:54, the system 
restores the factory to its normal operating baseline within 14 seconds. The restoration 
is smooth, with the BESS ramping down in parallel with the load recovery to prevent 
voltage spikes. 

 

2.4  On-Site Demonstration 
 
After validating the simulation, ATS implemented the field demonstration. The on-site 
implementation focuses exclusively on the ADLC solution. A selected (or modified) factory has 
its loads divided into small clusters with different priority levels. 

Necessary equipment includes devices capable of monitoring and automatic switching, which 
can communicate with SmartDCG through communication protocols such as MCCB, IO devices, 
and measuring instruments. 

SmartDCG is configured according to the factory’s technical specifications. A computer is used 
to emulate load-shedding signals from the DR system to SmartDCG. 

From the computer emulating the DR system, load-shedding signals are transmitted to 
SmartDCG with appropriate set values. The system’s response is observed and verified to 
ensure switching operations align with the pre-configured logic. 

The demonstration sites as follows: 
 

Site Province Facility Type Key Attributes 

Cam Pha 
Electrical 
Equipment JSC 
(VEE) 

Quang 
Ninh 

Transformer 
manufacturing 
factory 

Diverse load types (mechanical 
machines, lighting systems, cooling 
system, etc) suitable for automated 
control testing 

ATS Factory Tu Liem, 
Ha Noi 

Electrical panel 
manufacturing 
factory 

Existing ATS control infrastructure 
and data-logging capability 

 

2.4.1 System Configuration 
System Configuration of the experimental setup: 
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• Power meters: Installed to continuously monitor electrical parameters of the factory, 
including active power, voltage, current, and energy consumption, providing real-time 
measurement data for the control system. 

 
• Control relays: Used as interface devices between the central controller and field 

equipment, enabling reliable control commands to drive the contactors according to 
the Demand Response and load control logic. 

 
• Contactors: Serve as the main switching elements for selective load control, allowing 

individual or grouped loads to be connected or disconnected based on ADLC 
commands. 

 
• Protective circuit breakers (MCB/MCCB): Installed to protect the control cabinet and 

downstream equipment against overcurrent, short-circuit, and abnormal operating 
conditions, ensuring safe operation of the experimental system. 

 
• Central controller (ATS SmartDCG): Acts as the core of the system, executing ADLC 

and DR control algorithms, collecting measurement data from power meters, and 
issuing control signals to relays, contactors, BESS, and DG when applicable. 

 
• AC–DC power supply units: Provide stable DC power for control devices, relays, 

communication equipment, and the central controller, ensuring reliable operation 
independent of AC fluctuations. 

 
• Network switch: Enables internal communication between the ATS SmartDCG 

controller, measurement devices, and other intelligent equipment using industrial 
communication protocols. 

 
• Factory distribution cabinet: Houses all electrical and control components, forming 

the physical integration platform of the experimental setup and representing a 
practical industrial deployment environment. 
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Figure 14. Experimental Systems 

2.4.2 Demonstration at the ATS High-Tech Factory 
 

 
Figure 15: ADLC control system interface at the ATS – High Tech factory 

 
At the ATS High-Tech Factory, the experimental setup includes four controlled loads: 
 

• Load 1: Warehouse load serving the storage area for electrical equipment and devices. 
 
• Load 2: Industrial cooling system, representing a large and flexible process load. 

 
• Load 3: Lighting load for production. 

 
• Load 4: Lighting load for additional factory zones. 
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2.4.2.1 Monitoring & Result 
 

 
Figure 16: Experimental Results at ATS - High Tech Factory: Power Consumption in three DR scenarios 

 
The experimental results obtained at the ATS High-Tech Factory under three different Demand 
Response scenarios: Normal DR, Fast Runback DR, and Dynamic DR, highlighting clear 
differences in load behavior and operational impact. 

In the Normal DR scenario, power consumption is reduced in a relatively gradual and limited 
manner, mainly by curtailing non-critical loads. This approach satisfies basic DR requirements 
but exhibits a slower response, making it suitable for scheduled or non-urgent DR events. 

In the Fast Runback DR scenario, power consumption drops sharply and to a much lower level, 
reflecting a rapid response mechanism designed for emergency DR conditions. While this 
ensures immediate compliance with grid requirements, it causes significant disruption to 
factory operations due to abrupt and deep load curtailment, and therefore is only appropriate 
for short-term, high-priority DR events. 

In contrast, the Dynamic DR scenario demonstrates a more adaptive and intelligent control 
behavior. The load is adjusted smoothly and maintained at a stable reduced level during the DR 
event, followed by a gradual recovery once the event ends. This confirms that Dynamic DR, 
when implemented with ADLC, can effectively balance grid support requirements with 
production continuity, achieving superior technical and economic performance compared to 
Normal DR and Fast Runback DR. 

 

2.4.2.2 Technology Assessment 
 
The technical superiority of these strategies is highlighted by their distinct response time 
signatures. The Fast Runback DR demonstrates critical agility with a 2 to 3-second execution 
time, meeting the most stringent requirements for fast frequency response. In contrast, the 
Dynamic DR achieves a balanced 5 to 8-second response, providing a smooth transition that 
protects sensitive industrial equipment from the harsh transients seen in the Fast Runback 
mode. Finally, the 10 to 12-second response of the Normal DR proves effective for standard 

Normal DR 

Fast Runback 
DR Dynamic DR 
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peak-shaving operations. These results confirm that the ADLC system can dynamically scale its 
reaction speed—from near-instantaneous emergency tripping to gradual optimization—based 
on the specific urgency of the grid event: 

 

• Normal DR Response Time: The response is characterized by a "step-down" approach. 
The initial curtailment occurs in approximately 10 to 12 seconds, reducing the load from 
225 kW to 185 kW. This gradual transition is ideal for non-emergency grid stabilization 
where sudden voltage dips must be avoided. 

 

• Fast Runback DR Response Time: This represents the system's "emergency" 
performance. The response time is ultra-fast, with the load dropping from 225 kW to 
near-zero in approximately 2 to 3 seconds. This near-instantaneous shedding is critical 
for preventing wider system collapses during grid frequency excursions. 

 

• Dynamic DR Response Time: This scenario shows a balanced response. The ADLC 
system identifies the event and adjusts the load to a new steady state (roughly 100 kW) 
within 5 to 8 seconds. The smoothness of this ramp-down, followed by a controlled 
restoration, demonstrates the adaptive nature of the controller in managing both grid 
needs and factory uptime. 

 

2.4.3 Demonstration at the VEE Factory 
 

 
Figure 17:  ADLC control system interface at the VEE factory 
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At the VEE – Electrical Equipment Factory, the ADLC-controlled assets include the following 
loads and on-site generation units: 

 
• Load 1: Cooling system serving auxiliary factory processes (Priority 3). 

 
• Load 2: Warehouse load for electrical equipment storage (Priority 2). 

 
• Load 3: Main industrial cooling system with higher flexibility and larger capacity (Priority 1). 

 
• Diesel Generator (DG): It is a hypothetical DG assumed in the system to supply power to 
essential loads during grid outages. 

 

2.4.3.1 Monitoring & Result 
 

 
Figure 18: Experimental Results at VEE Factory: Power Consumption in three DR scenarios 

 

The experimental results of power consumption at the VEE factory under three different 
Demand Response scenarios: Normal DR, Fast Runback DR, and Dynamic DR, clearly illustrating 
the differences in load response characteristics. 

In the Normal DR scenario, power consumption is adjusted in a relatively smooth and moderate 
manner. Load reduction is stable, indicating that the ADLC system performs selective 
curtailment of lower-priority loads while maintaining overall factory operation. This scenario is 
suitable for routine DR events where response speed is not highly critical. 

In the Fast Runback DR scenario, the power consumption drops sharply due to rapid 
disconnection from the grid. In this case, the ADLC system sends a command to start the DG 
after the factory experiences a power outage, allowing essential loads to be resupplied and 
minimizing losses caused by prolonged outages. When the DR event ends, ADLC first 

Normal DR 

Fast 
Runback 

Dynamic 
DR 
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commands the DG to stop, and only then reconnects the factory to the main utility grid to ensure 
safe and reliable operation during source transfer. 

Meanwhile, the Dynamic DR scenario demonstrates a more flexible and stable control behavior. 
Power consumption is regulated within a narrow range and varies smoothly over time, avoiding 
abrupt fluctuations. This confirms that Dynamic DR, when implemented with ADLC, can effectively 
balance grid support requirements with operational stability and reduced economic impact. 
 

2.4.3.2 Technology Assessment 
 

 
Figure 19: Experimental Results at VEE Factory: Power Consumption in three DR scenarios 

 
Experimental results at the VEE factory demonstrate that ADLC provides scalable agility across 
three distinct scenarios. In Normal DR, the system ensures a soft transition over 10 to 15 seconds 
by selectively curtailing low-priority loads, making it ideal for non-urgent scheduling. Conversely, 
Fast Runback DR delivers an emergency response in under 1 second, fulfilling the most stringent 
grid requirements while minimizing downtime through a coordinated 10-second DG restoration. 

The Dynamic DR scenario offers a superior middle ground, utilizing an adaptive 5 to 8-second 
response to track grid requirements smoothly. By avoiding the harsh transients of a full trip and 
the slow reaction of manual shedding, ADLC-enabled Dynamic DR effectively optimizes the 
balance between grid flexibility and factory production continuity: 

 

• Normal DR: Executes a stable step-down from ~90 to ~72 units in 10 to 15 seconds, 
prioritizing operational stability for routine grid events. 

 

• Fast Runback DR: Achieves an emergency trip from ~80 units to zero in less than 1 
second, providing near-instantaneous grid support. 

 

• Fast Runback Restoration: Automated coordination initiates the Diesel Generator 
(DG) to resupply critical loads within an 8 to 10-second window. 
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• Dynamic DR: Performs an intelligent, multi-stage reduction with each optimization 
step stabilizing in just 5 to 8 seconds, balancing speed with load safety. 

 

2.5  Summary of Technical Suitability & Applicability 
Assessment 

 
The ADLC system demonstrates high technical feasibility for integration into modern smart 
grids. Its performance across varied scenarios confirms it can meet both standard and 
emergency utility requirements. 
 

DR Scenario 
Ramp-Down 

/ Curtailment 

Time 

Restoration 

Time 
Control 

Characteristic 
Technical Feasibility & 

Suitability 

Normal DR 

(Standard 

ADLC) 

5 – 15 

Seconds ~10 Seconds 

Selective 

curtailment of low-

priority loads to a 

set power limit 

(Plimit). 

High: Ideal for routine 

peak-shaving and non-

critical scheduling where 

gradual load changes are 

preferred stability is the 

priority.  

Fast Runback 

DR 

(Emergency) 

< 1 – 2 

Seconds 

8 – 10 

Seconds (via 

DG) 

Immediate trip to 

zero with 

automated 

coordination of 

Diesel Generators 

(DG). 

High: Technically suitable 

for emergency events, 

critical for emergency Fast 

Frequency Response 

(FFR) or sudden grid 

instability requiring near-

instantaneous shedding to 

prevent grid collapse.  

Dynamic DR 

(Multi-Stage) 

5 – 12 

Seconds per 

step 
~14 Seconds 

Intelligent tracking 

of multiple power 

limits using 

coordinated Load 

and BESS. 

High: Best for ancillary 

services requiring real-

time grid balancing and re-

optimization that requires 

following a variable utility 

signal. 

 
 
The ADLC system proves to be a highly versatile and intelligent solution for modern industrial 
energy management. Its technical core is defined by following key strengths: 
 

• Multi-Modal Agility: ADLC demonstrates the ability to scale its response speed based on 
grid urgency. It can deliver ultra-fast protection in under 1 second during emergency 
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Runback events or provide gradual, stability-focused adjustments over 15 seconds for 
routine peak-shaving. 

 
• Resource Coordination: A defining feature of the system is its "intelligence" in managing 

diverse assets. By coordinating BESS and Diesel Generators alongside controllable 
loads, ADLC prevents total facility blackouts and maintains critical production lines even 
during deep grid curtailment. 

 
• Grid Stability for Renewables: ADLC provides the "Fast Frequency Response" (under 1-

second response time) necessary to stabilize the national grid as higher percentages of 
variable renewable energy (VRE) are integrated under PDP8. 

 
In summary, the ADLC technology is highly feasible for industrial facilities in Vietnam, 
particularly those operating under the PDP8 framework or participating in Energy Transition 
initiatives. Its ability to scale from sub-second emergency responses to intelligent, multi-stage 
optimization makes it a robust solution for balancing grid support with manufacturing stability. 
 

2.6  Summary of Environmental, Economic, Social and 
Gender-Sensitive Technology Impact Assessment 

 
Environmental Impact: 
 

• Decarbonization Support: Without ADLC's "Dynamic DR" logic, the factory with Solar PV 
system would have to manually curtail loads or rely more heavily on grid imports (which 
may come from fossil fuel sources) during periods of low solar output or sudden demand 
spikes. By enabling "Dynamic DR," ADLC allows factories to maximize the consumption 
of on-site Solar PV while balancing intermittent generation with BESS. 

 
• Reduces energy waste by performing selective and prioritized curtailment of only non-

critical or flexible loads during peak periods. 

 

• Carbon-Efficient Load Management: By curtailing industrial loads during peak periods, 
the technology reduces the need for carbon-intensive fossil fuel peaking plants. 

 
Economic Impact: 
 

• Minimized Production Downtime: Unlike traditional manual load shedding, which often 
results in prolonged downtime and significant financial loss, ADLC’s automated "soft-
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landing" and rapid restoration capabilities (typically under 15 seconds) ensure that 
industrial operations resume normal productivity with minimal transient disruption. 

 
• Ancillary Service Revenue: The technical agility of ADLC (5–8 second stabilization) 

makes industrial sites eligible for utility-scale incentive programs for grid flexibility and 
demand response services when this mechanism come into effect. 

 
• Reduced Operational Overhead: Automation reduces the need for manual intervention 

during DR events, minimizing human error and ensuring the factory returns to 100% 
production within approximately 10 to 14 seconds of the event ending. 

 

Social Impact: 
 

• Enhanced Energy Security: By providing rapid load shedding during excursions, ADLC 
helps prevent regional cascading failures, thereby enhancing electricity security for the 
wider community. 

 
• Job Transformation: The adoption of ADLC facilitates a transition from traditional, 

manual electrical operations to digitally-driven energy management roles, fostering a 
more technically skilled workforce. 

 

Gender-Sensitive Impact: 
 

• Inclusive Technical Roles: The transition from manual, physically intensive switching to 
automated software control removes physical barriers, promoting a more inclusive and 
diverse workplace in the energy sector. 

 
• Occupational Safety: Automating fault isolation (reducing restoration time from 

minutes to under 30 seconds) creates a safer, controlled workspace for all technical 
personnel by significantly decreasing the exposure of technical staff to high-voltage 
equipment hazards during grid events. 

 
In summary, ADLC technology for DR is a critical enabler for a Just Energy Transition in Vietnam. 
It provides the technical speed required for grid safety while ensuring that industrial economic 
productivity is not sacrificed. The transition to automated, sub-minute restoration and 
intelligent load tracking fosters a safer, more skilled, and gender-inclusive workforce. 
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Chapter 3. Microgrid Technology 
 

3.1  Objective 
 
The Microgrid Solution for the integration of Rooftop Solar (RTS) and Battery Energy Storage 
System (BESS) is designed to help Commercial and Industrial (C&I) customers optimize their 
self-produced and self-consumed renewable power under the Time of Use (TOU) tariff 
structure. 

By intelligently coordinating energy generation, storage, and consumption, the system enables 
customers to maximize solar utilization, minimize energy costs, and enhance grid reliability. 
The Microgrid Controller (MGC) acts as the central intelligence, ensuring secure and stable 
operation across both grid-connected and islanded modes while supporting local grid 
performance through controlled power exchange and ancillary functions. 

In particular, the solution aims to: 

 

• Maximum self-consumption of renewable energy by dynamically dispatching RTS and 
BESS power 

 

• Reduce electricity through TOU-based scheduling and optimal energy shifting 

 

• Improve system reliability by enabling autonomous operation during grid outages 

 

• Support grid stability via controlled import/export and power balancing at the POC 

 

• Enable seamless transitions between on-grid and island modes with minimal disruption 

 

• Provide a scalable foundation for future expansion (EV charging, gensets, or demand 
response integration) 

 

This demonstration will showcase how a hybrid RTS+BESS system can be designed and 
operated to maximise these benefits under realistic conditions. 
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Expected outputs are: 

• Validated microgrid configurations suitable for C&I or public-sector replication in 
Viet Nam. 
 

• Demonstrated benefit of combining RTS and BESS for TOU tariff optimisation and 
grid support. 
 

• Dataset for technical evaluation and performance benchmarks. 

 

3.2  General System Architecture 
 
A schematic of the system configuration is represented as follows, with interconnection among 
RTS, BESS, Loads, and the grid, and control coordination handle by the MGC: 
 
 

 
 

Figure 20. General Architecture of MGC system 

 
The Microgrid system comprises the following integrated subsystems: 
 

1. Rooftop Solar (RTS): generates renewable energy during daytime, directly supplying 
local loads and charging the BESS 
 

2. Battery Energy Storage System (BESS): stores excess solar energy for later use and 
supports system stability in both on-grid and off-grid modes 

Microgrid Controller (MGC) 
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3. Microgrid Controller (MGC): central control unit managing all operating modes, 

transitions, and optimization functions 
 

4. Load: comprising critical and non-critical demand points with configurable load priorities 
 

5. Utility grid: acts as a supplementary source, providing or absorbing power as needed 
under the Time-of-use (TOU) tariff 
 

3.3  TOU Control Principe 
 
During normal operation (grid connected), the energy management strategy (EMS) in MGC 
executes a Unit Commitment (UC) and Economic Dispatch (ED) routine to minimize the total 
operating cost over the scheduling horizon. The objective explicitly accounts for: 
 

• The cost of electricity purchased from the utility grid and the revenue from electricity 
exported to the grid under TOU tariffs, and 
 

• The battery energy BESS degradation cost associated with charging/discharging 
actions, while maintaining compliance with all technical and operational constraints.  

 
The EMS periodically collects input data including renewable generation forecasts, energy 
storage status and available capacity, load forecasts, and grid import/export tariffs 
corresponding to different TOU periods. Based on these inputs, the EMS generates an 
operating schedule for the entire system over a 24-hour horizon. 
 

 
Figure 21. EVN hourly electricity prices (USD)  

(Source: EVN, Decision No. 1279/QD-BCT dated 9/5/2025) 
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During off-peak periods, the EMS prioritizes: 
 

• Supplying loads using grid power 
 

• Charging BESS to store energy for high-price periods 
 

• Limiting the dispatch of generation units with high operating costs 

 
During on-peak periods, the EMS automatically adjusts the operating strategy to: 
 

• Reduce grid power import 
 

• Prioritize BESS discharging to supply loads or support the POI 
 

The operating schedule is updated using a rolling-horizon mechanism, allowing the EMS to 
adapt to changes in forecasts, load demand, and real-time system conditions. The resulting 
power setpoints are transmitted to the MGC for real-time execution. 
  
Through the TOU-based UC-ED mechanism, the EMS ensures: 
 

• Effective energy shifting from low-price periods to high-price periods 
 

• Reduction of the overall operating cost of the microgrid 
 

• Maximization of the economic value of the energy storage system 
 

• Safe, reliable operation in compliance with technical constraints 
 

3.4  Simulation 
 

3.4.1 Objective 
 
The proposed Microgrid solution integrating Rooftop Solar (RTS) and Battery Energy Storage 
System (BESS) enables Commercial and Industrial (C&I) customers to optimize their self-
produced and self-consumed energy under the current Time of Use (TOU) tariff. It enhances 
energy cost efficiency while maintaining system security, operational reliability, and providing 
ancillary support to the local distribution grid. 
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In particular, the solution aims to: 

 
• Maximum self-consumption of renewable energy by dynamically dispatching RTS and 

BESS power 
 

• Reduce electricity through TOU-based scheduling and optimal energy shifting 
 
• Improve system reliability by enabling autonomous operation during grid outages 
 
• Support grid stability via controlled import/export and power balancing at the point of 

common coupling (POC) 
 

• Enable seamless transitions between on-grid and island modes with minimal disruption 
 

• Provide a scalable foundation for future expansion (EV charging, gensets, or demand 
response integration) 

 

3.4.2  Simulation Scenarios 
 
To optimise the microgrid design and control strategy, ATS performed the simulations in the 
following environment: 
 

• 2 x RTS (2500kWp + 3000kWp = 5500kWp) (PV generation model) 
• 1 x BESS (3500kW/7000kWh) (Battery + inverter) 
• Loads (critical and non-critical) 
• Grid model with TOU-based pricing 

 
The MGC governs system operation under 2 main modes: 
 

• On-grid mode:  
o P control (self-use optimization), dispatcher functions including BESS 

charge/discharge mode and Time of Use (TOU) logic 
o Objective: optimized self-consumption and maintain zero-export at the POC 
o Control strategy: 

▪ Executes self-use strategy and TOU-based dispatch scheduling 
▪ Balances power flow when PV or BESS capacity is insufficient 

o TOU dispatcher logic: 
▪ Peak hours: BESS discharges to offset grid import 
▪ Off-peak hours: Bess charges from the grid or surplus PV 
▪ Midday: Excess PV power charges the BESS, minimizing export 
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• Off-grid mode:  
o P control with BESS charge/discharge mode, maintaining local power balance 

and stability 
o Objective: ensure stable power supply to critical loads during grid outages 
o Control strategy: 

▪ BESS: operates in forming mode to regulate voltage and frequency (V-
f control/droop control) 

▪ PV: operates in PQ control to maximize generation within BESS limits 

 
Additional integrated features include: 
 

• Automated load control and shedding 
• HMI visualization and real-time trend monitoring 
• Transition management covering Reconnect, Planned islanding, Unplanned 

islanding, and Black start scenarios 

 
System operation principle: 

• During daylight hours, the RTS powers loads first, with surplus energy stored in the 
BESS 

• During high tariff periods, the BESS discharges to minimize grid import 
• During outages, the BESS forms the microgrid and supplies critical loads 

 
The scenarios are simulated as follows: 
 

3.4.2.1  On-grid 
 

Scenario Objective Key observation 

TC-01: Peak 
Shaving-PV Surplus 
Charging 

Charge BESS with 
excess RTS to 
prevent export 

P_POC ≈ 0 kW, BESS absorbed surplus, SoC 
increased, no export 

TC-02: Peak 
Shaving- Grid 
Import Reduction 

Discharge BESS to 
reduce import 

BESS discharged during peak; grid import 
significantly reduced 

TC-03: SOC-based 
Dispatch Control 

Validate BESS SoC 
response behavior 

BESS limited discharge at low SoC, restricted 
charge acceptance at high SOC, normal 
dispatch within safe SoC band, no SoC limit 
violation 
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Scenario Objective Key observation 

TC-04: Time-of-
Use (TOU) 
Operation 

Follow EMS TOU 
schedule with zero-
export 

BESS charged off-peak, discharged peak, 
P_POC ≈ 0 kW 

 

3.4.2.2 Off-grid (ESS forming) 

Scenario Objective Key observation 

TC-05: PV Surplus 
Charging 

BESS absorbs 
excess RTS to 
stabilize V/f 

BESS absorbed excess PV, V_POI = 22 ±10% 
kV, f = 50 ±0.2 Hz, no load shedding 

TC-06: PV Deficit 
Compensation 

BESS supplies full 
load during low PV 

BESS discharged to compensate deficit, full 
load maintained, no interruption, V/f stable 

TC-07: Spinning 
Reserve Management 

Maintain reserve for 
load step 

BESS maintained reserve, f_dip ≤ 0.5 Hz, 
load shedding activated per priority if 
exceeded, system stabilized 

3.4.2.3  Transitions 

Scenario Objective Key observation 

TC-08: Planned 
Islanding 

Gradual transition to 
islanded mode 

POC power ramped to ≈0 kW, POC breaker 
open, BESS switched to forming mode, no 
perceptible flicker, V_POI = 22 ±10% kV, f = 
50±0.2 Hz 

TC-09: 
Unplanned 
Islanding 

Detect and respond 
to sudden grid loss 

Grid loss detected by MGC, POC breaker open, 
BESS takeover (ESS forming), no load 
interruption, V_POI = 22 ±10% kV, frequency 
stabilized 

TC-10: Black 
Start 

Restore from 
complete blackout 
using BESS 

POI energized by BESS, critical loads closed, PV 
synchronized and closed, stable V/f maintained, 
no inrush issue 

TC-11: Grid 
Reconnection 

Synchronize and 
reconnect safely 

Sync-check passed (Δφ < 3°, ΔV < 5%, Δf < 0.2 
Hz), POC breaker closed, smooth transition, no 
current spike 
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3.4.3  Monitoring & Result 

3.4.3.1  On-grid Operation 
 
Error! Reference source not found. presents the simulation results of the on-grid operation of 
the proposed RTS + BESS microgrid system under multiple operating conditions representative 
of real commercial and industrial (C&I) customer load and solar generation profiles. The 
objective of this simulation is to evaluate the capability of MGC to optimize energy utilization, 
reduce grid dependency during high tariff periods, and ensure stable and secure operation 
while connected to the utility grid. 

 

 
Figure 22. On-grid operation with RTS + BESS power dispatch 

(Power sharing between RTS, BESS, load demand, and grid power at the POC during grid-connected operation) 

 

Operation under surplus RTS generation 

During periods of elevated solar irradiance, the RTS system generates power above 
instantaneous local demand. In this state, the MGC allocates RTS output directly to local loads 
to maximize renewable utilization. Surplus power is routed to the BESS for charging. 

Simulation results confirm that BESS absorbs surplus RTS power without inducing power 
oscillations or system instability. Active power at the POC remains near zero, verifying effective 
zero-export enforcement. This approach prevents renewable curtailment and upholds grid 
interconnection protocols. 
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The BESS state of charge (SoC) increases steadily during this phase, demonstrating efficient 
conversion of excess solar energy into stored energy for later use. This behavior directly 
supports the design objective of maximizing self-produced and self-consumed energy within 
the microgrid. 

 

Operation under increased load demand 

As RTS generation decreases due to changing irradiance conditions or increased load demand, 
the available solar power becomes insufficient to fully supply the load. Under this condition, the 
MGC seamlessly transitions the BESS from charging to discharging mode to compensate for the 
power deficit. 

The discharged BESS power effectively supplements RTS generation, allowing the microgrid to 
continue supplying local loads while minimizing power import from the utility grid. The 
simulation reveals a notable decrease in grid power demand during this phase, particularly 
during periods of higher load or elevated electricity tariffs. This coordinated RTS–BESS 
dispatch demonstrates the system’s capability to perform peak shaving and reduce energy 
procurement costs. 

Importantly, the transition between charging and discharging modes occurs smoothly, with no 
abrupt changes in POC power or load supply. This indicates robust control coordination and 
stable interaction with the utility grid. 

 

SoC-aware energy management and battery protection 

Throughout the on-grid operation, the MGC continuously monitors the BESS SoC and enforces 
predefined operational constraints to protect battery health. When the SoC approaches upper 
limits, the charging power is gradually reduced to prevent overcharging. Similarly, when the SoC 
approaches lower limits, the discharging power is constrained to avoid deep discharge 
conditions. 

The SoC profile demonstrates that the BESS always remains within the safe operating range. 
These control actions are performed without compromising system performance, ensuring 
continuous load supply and stable grid interaction. This SoC-aware energy management 
strategy confirms the system’s ability to balance energy optimization objectives with long-term 
asset protection. 

 

Time-of-Use (TOU) based energy shifting operation 

In addition to real-time power balancing, the system also operates under a Time-of-Use (TOU) 
based EMS. In this mode, the BESS follows a predefined charging and discharging schedule 
calculated by the EMS to exploit electricity tariff variations. 
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During off-peak tariff periods, the BESS is charged in preparation for upcoming peak periods, 
resulting in a gradual increase in SoC. During peak tariff periods, the BESS discharges to supply 
local loads, thereby significantly reducing grid power import when electricity costs are highest. 
The SoC trajectory clearly reflects intentional energy shifting from low-cost to high-cost 
periods. 

 
Figure 23. On-grid operation under Time-of-Use (TOU) tariff strategy 

(BESS charging and discharging behavior optimized according to TOU tariff periods) 

 

 
Figure 24. BESS SoC under TOU control 
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Throughout the TOU operation, the MGC maintains zero-export at the POC and ensures stable 
system operation. No power oscillations, voltage deviations, or control conflicts are observed 
during transitions between different tariff periods. 

 

3.4.3.2  Off-grid Operation 
 
Error! Reference source not found. presents the simulation results of the off-grid operation of 
the RTS + BESS microgrid system, where the microgrid operates in islanded mode following 
disconnection from the utility grid. The objective of this simulation is to evaluate the ability of 
the BESS to act as the grid-forming source, maintain voltage and frequency stability, and 
ensure a continuous power supply under varying solar generation and load conditions. 

 

Grid-forming operation 

Upon transition to off-grid mode, the BESS is configured as the grid-forming unit, providing the 
voltage and frequency reference for the entire microgrid. In this operating condition, all power 
balancing responsibilities are handled internally by the coordination between RTS, BESS, and 
local loads, without any support from the utility grid. 

The simulation confirms that the transition to grid-forming mode is stable, with no noticeable 
voltage or frequency disturbances. The BESS maintains sufficient power margin relative to its 
rated capacity, ensuring that the system remains within secure operating limits during 
subsequent load and generation variations. 

 

Operation under surplus RTS generation 

When the RTS generation exceeds the actual load demand in islanded mode, the surplus solar 
power is absorbed by the BESS through charging. This behavior prevents overvoltage 
conditions on the microgrid bus and contributes to system stabilization. 
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Figure 25. Off-grid with BESS + RTS dispatch 

 (Coordinated RTS and BESS response to maintain power balance) 

 

As shown in Figure 25, the BESS charging power increases smoothly in response to surplus RTS 
generation, while the load demand remains fully supplied. Voltage and frequency remain within 
acceptable limits throughout this period, demonstrating effective real-time power balancing 
by the MGC. The BESS SoC increases gradually, indicating efficient utilization of excess 
renewable energy even in off-grid operation. 

 

Operation under load compensation 

As RTS generation decreases and becomes insufficient to meet the load demand, the BESS 
transitions into discharging mode to compensate for the power deficit. The simulation results 
show that the BESS supplies the missing power without interruption to the loads. 

Despite rapid changes in RTS output, the BESS discharge power is regulated to maintain 
system balance while preserving a predefined spinning reserve margin. Voltage and frequency 
deviations remain minimal, confirming the robustness of the grid-forming control strategy 
under dynamic operating conditions. 

 

Spinning reserve management 

A critical aspect of off-grid operation is the ability to maintain adequate spinning reserve to 
handle sudden load changes or further reductions in generation. In this scenario, the MGC 
continuously monitors the available BESS power margin and ensures that the discharge level 
does not exceed the configured reserve threshold. 
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When the combined power capability of RTS and BESS approaches system limits, the MGC 
initiates protective control actions to preserve stability. The simulation demonstrates that 
system frequency remains within acceptable bounds, and no uncontrolled collapse occurs, 
validating the effectiveness of the spinning reserve management strategy. 

 

3.4.3.3  Transitions 
 

 

Figure 26. Planned Islanding transition from On-grid to Off-grid and grid reconnection 
(Smooth disconnection from utility grid, stable off-grid operation, and synchronized reconnection) 

 

Planned islanding and Reconnection 

Figure 26 illustrates the simulation results of the planned islanding and reconnection sequence 
of the RTS + BESS microgrid system. In this operating scenario, the MGC executes a 
coordinated transition from on-grid to off-grid operation and subsequently reconnects the 
microgrid to the utility grid in a controlled manner. 

During planned islanding, the MGC gradually ramps the power exchange at the POC toward zero 
prior to disconnection. This controlled ramping minimizes power disturbances and prepares 
the microgrid for autonomous operation. Once near-zero POC power is achieved, the POC 
breaker is opened, and the BESS transitions from grid-following to grid-forming mode, 
establishing the voltage and frequency reference for the microgrid. 

Following disconnection, the microgrid operates stably in off-grid mode with coordinated 
dispatch between RTS and BESS. Voltage and frequency remain within acceptable limits, and 
load supply is maintained without interruption. When grid reconnection is scheduled, the MGC 
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performs synchronization checks to ensure alignment of voltage magnitude, frequency, and 
phase angle. After synchronization is confirmed, the POC breaker is closed smoothly, allowing 
the system to return to on-grid operation without introducing transients or load disturbances. 

 

Unplanned islanding and Reconnection 

Figure 27 presents the simulation results of the unplanned islanding and reconnection 
sequence, representing a sudden loss of the utility grid. This scenario evaluates the system’s 
resilience and fast-response capability under unexpected grid outage conditions. 

Upon detection of grid voltage and frequency loss at the POC, the MGC immediately isolates the 
microgrid by opening the POC breaker. Unlike planned islanding, this transition occurs without 
prior power ramping. The BESS rapidly switches to grid-forming mode and assumes control of 
voltage and frequency regulation. A short transient response is observed; however, system 
variables quickly stabilize within predefined limits. 
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Figure 27. Unplanned Islanding transition and grid reconnection 
(System dynamic response to sudden grid loss and recovery under autonomous control) 
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During the subsequent off-grid operation, the microgrid continues to supply loads without 
interruption. RTS and BESS are re-coordinated to balance power internally, and system stability 
is preserved. Once the utility grid becomes available again, the MGC initiates the reconnection 
process. Synchronization checks are successfully completed, and the POC breaker is closed 
without causing current spikes or voltage disturbances. The microgrid then resumes normal 
on-grid operation. 

 

Black start and reconnection 

Figure 28 illustrates the simulation results of the black start and reconnection process, in which 
the microgrid is restored from a complete blackout condition. This scenario demonstrates the 
ability of the RTS + BESS microgrid system to re-energize the network autonomously and 
recover normal operation. 

The black start process is initiated by the MGC commanding the BESS to start in grid-forming 
mode. The BESS establishes the initial voltage and frequency reference, energizing the 
microgrid bus. Loads are then reconnected in a controlled sequence to avoid excessive inrush 
currents or frequency deviations. Once stable conditions are achieved, the RTS units are 
synchronized and brought online to support the load and reduce the BESS discharge burden. 

After a period of stable off-grid operation, the MGC initiates the grid reconnection sequence 
when utility power is restored. Synchronization checks are performed to ensure compatibility 
between the microgrid and the utility grid. The POC breaker is then closed smoothly, and the 
system transitions back to on-grid operation without instability or disturbances. 
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Figure 28. Black Start operation and grid reconnection 
(System restoration from blackout using BESS grid-forming capability and subsequent 

reconnection) 
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3.4.4  Technology Assessment 

3.4.4.1 On-grid Operation 
 
The Microgrid system exhibits high technical suitability for industrial load management, as 
demonstrated by the coordinated power dispatch between Solar PV, BESS, and the utility grid. 
The system effectively prioritizes local renewable consumption while ensuring grid 
compliance: 

 

• Surplus Generation Management: During peak solar irradiance, the PV system 
generates over 4,000 kW, exceeding the local load demand of approximately 3,500 kW. 
The Microgrid Controller (MGC) routes this surplus energy, nearly 1,000 kW, into the BESS 
for charging (indicated by the negative BESS power curve). 

 

• Zero-Export Enforcement: Throughout the high-generation period, the active power at 
the Point of Connection (POC) remains near zero. This confirms the system's ability to 
strictly adhere to grid interconnection protocols and prevent unwanted energy injection 
into the utility grid. 

 

• Coordinated Transition and Load Support: As solar generation decreases to roughly 
2,800 kW in the afternoon, the MGC seamlessly transitions the BESS from charging to 
discharging mode (positive curve). The BESS provides approximately 1,000 kW to 
supplement the PV output, ensuring the local load demand is fully met while maintaining 
zero grid import. 

 

• Grid Resilience: The system successfully maintains a stable POI power even during 
generation fluctuations, as seen during the solar drop around 1:39:40 PM, where the grid 
import momentarily spikes to cover the deficit before the BESS stabilizes the system. 

 

In addition to real-time power balancing, the system operates under a Time-of-Use (TOU) 
based EMS, which transforms the microgrid from a simple generation source into an active 
financial asset. In this mode, the BESS follows a predefined charging and discharging schedule 
calculated to exploit electricity tariff variations. During off-peak tariff periods, the BESS is 
charged in preparation for upcoming high-demand cycles, resulting in a gradual increase in SoC 
to the upper operational limit. 

During peak tariff periods, the BESS discharges to supply local loads, which significantly reduces 
grid power import when electricity costs are highest—minimizing both energy charges and peak 



 

 

 

62 

01 

demand penalties. The SoC trajectory confirms this intentional energy shifting, showing deep 
discharge cycles that coincide precisely with high-cost periods, followed by rapid recovery when 
rates drop. This coordinated approach maximizes the economic value of the BESS by ensuring 
that stored energy is always utilized to offset the most expensive utility blocks. 

The microgrid optimizes the BESS to perform price arbitrage, effectively leveraging the spread 
between off-peak and peak electricity tariffs: 

 

• Off-Peak Charging and SoC Progression: During low-cost off-peak periods (typically 
22:00 to 04:00), the BESS is proactively charged from the utility grid. The SoC profile 
shows a steady increase during these hours, reaching approximately 90% by early 
morning to maximize available energy for the day's high-tariff periods. 

 

• Strategic Peak Discharging: During identified peak tariff windows (such as the morning 
and evening peaks typical in industrial sectors), the BESS discharges according to the 
BESS Setpoint. This behavior is clearly observed as the BESS output rises to supplement 
the local load, directly displacing expensive grid power import. 

 

• Intentional Energy Shifting (SoC Trajectory): The SoC trajectory demonstrates a 
"charge-low, discharge-high" cycle. For instance, a major discharge cycle occurs in the 
evening (approx. 18:00 to 22:00), where the SoC drops from 90% down to a minimum 
10% safety limit, signifying that the BESS has fully discharged to offset high peak-hour 
costs. 

 

Throughout the TOU operation, the MGC maintains zero-export at the POC and ensures stable 
system operation.  

 

3.4.4.2 Off-grid Operation 
 
Off-grid Operation of the microgrid system demonstrates the robustness of the BESS as the 
primary grid-forming source. 

The experimental results captured in Figure 26 illustrate a seamless energy transition across 
three critical phases of islanded operation: 

 

• Grid-Forming Startup (3:05 PM – 3:09 PM): Upon entering islanded mode, the BESS 
immediately assumes the role of the "free-slack" or reference source. The power chart 
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shows that as the Load and PV generation begin to ramp up, the BESS provides the 
necessary voltage and frequency reference, maintaining a steady power balance 
without any external grid support. 

 

• Surplus RTS Management (3:09 PM – 3:12 PM): At approximately 3:09:12 PM, the PV 
generation surges to nearly 5,000 kW, significantly exceeding the stable local load of 
~3,500 kW. To prevent bus overvoltage, the MGC commands the BESS into charging 
mode. This is reflected by the BESS power curve dropping into the negative region 
(absorbing ~1,200 kW), effectively "soaking up" the surplus renewable energy to stabilize 
the islanded network. 

 

• Load Compensation & Transition (3:12 PM – 3:13 PM): As PV irradiance drops sharply at 
3:12:00 PM, the available solar power falls below the load demand. The MGC executes an 
instantaneous transition, shifting the BESS from charging to discharging mode (positive 
power). By injecting ~1,500 kW back into the microgrid, the BESS ensures that the factory 
load remains fully supplied without interruption, even as solar production fluctuates. 

 

The data confirms that in off-grid mode, the BESS serves as a robust "slack" source, absorbing 
and injecting power as needed to keep the net system balance at zero. The smooth transitions 
at 3:09 PM and 3:12 PM verify that the controller can handle rapid irradiance fluctuations while 
maintaining a stable power supply for local loads. This performance validates the microgrid's 
capability to operate autonomously, providing high reliability for critical industrial processes 
during grid outages. 

 

3.4.4.3 Transitions 
 
Planned islanding and Reconnection 

The planned islanding and reconnection sequence of the microgrid system demonstrate the 
MGC's ability to execute a coordinated transition without affecting local operations. During the 
Planned Islanding phase, the MGC ensures the power exchange at the POC is at zero prior to 
disconnection, which minimizes disturbances as the BESS transitions to grid-forming mode to 
establish the frequency reference. Following this, the microgrid operates stably in off-grid 
mode, with the BESS absorbing the surplus solar generation to maintain system balance. 
When grid reconnection occurs at 2:26:20 PM, the system performs a synchronized closure of 
the POC breaker. While the data shows a brief power transient as the microgrid aligns with the 
utility grid, the interaction is localized to the BESS and POC, leaving the industrial load entirely 
uninterrupted. 
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• Pre-Islanding Power Ramping (2:18:00 PM – 2:20:30 PM): Prior to the planned islanding 

event at 2:20:30 PM, the Grid power is maintained at near-zero levels, confirming that 
the MGC has pre-balanced the system. During this stage, the PV generation (~4500 kW) 
exceeds the load (~3500 kW), and the BESS is absorbing the surplus power at 
approximately -1000 kW. 
 

• Stable Islanded Operation (2:20:30 PM – 2:26:20 PM): Upon the opening of the POC 
breaker, the Grid power remains flat at zero. The microgrid maintains stability with PV 
generation (~4000 kW) continuing to supply the load (~3500 kW), while the BESS 
regulates the system by charging at approximately -500 kW. The load remains perfectly 
constant throughout the transition, verifying uninterrupted supply. 

 

• Synchronized Reconnection (2:26:20 PM): When the system reconnects to the utility 
grid, a momentary transient is visible in both the Grid and BESS power lines. The Grid 
power briefly spikes to nearly 1000 kW before the BESS and MGC stabilize the exchange 
back toward zero. Despite this transient interaction at the POC, the factory load exhibits 
zero fluctuations, confirming a successful seamless transition. 

 
This validates that the MGC’s synchronization strategy effectively handles voltage and phase 
alignment, allowing the facility to return to on-grid operation without introducing harmful 
transients to sensitive internal equipment. 
 

Unplanned islanding and Reconnection 

The unplanned islanding and reconnection sequence represent a sudden loss of the utility grid 
at 2:53:02 PM. This scenario evaluates the system’s resilience and fast-response capability 
under unexpected outage conditions. Upon detection of grid loss, the MGC immediately isolates 
the microgrid; unlike a planned event, this transition occurs without prior power ramping, 
triggering a brief but controlled transient in the system variables. The BESS rapidly switches to 
grid-forming mode, assuming full control of voltage and frequency to preserve system stability 
within predefined limits. 

During the subsequent off-grid phase, the microgrid continues to supply the 3500 kW load 
without interruption by re-coordinating the RTS and BESS to balance power internally. Once the 
utility grid becomes available again at 2:54:41 PM, the MGC initiates a synchronization process. 
While the data shows a momentary power surge at the POC during reconnection, the 
synchronization checks ensure the POC breaker closes without causing a sustained collapse or 
harmful voltage disturbances to the local factory operation. 
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• Sudden Grid Loss (2:53:02 PM): At the moment of unplanned islanding, the Grid power 
drops instantly to zero without prior warning or ramping. A sharp, localized transient is 
visible in the load and BESS as the system reacts to the loss of the grid's voltage reference. 

 

• Rapid Islanded Stabilization: Within seconds of the outage, the BESS successfully 
assumes grid-forming responsibility, stabilizing its output to approximately -500 kW 
(charging mode) to absorb the surplus from the PV generation (~4200 kW) while the load 
remains steady at 3500 kW. This confirms that the factory load supply is maintained 
without a blackout, despite the lack of a planned transition. 

 

• Unplanned Reconnection Transient (2:54:41 PM): When the grid is restored, a 
significant power oscillation occurs at the POC. The Grid power spikes to nearly 1000 kW, 
and the BESS exhibits a corresponding reactive swing to align the microgrid’s phase and 
frequency with the utility. Crucially, the load shows only a negligible deviation during this 
event, proving that the MGC’s synchronization logic effectively insulates sensitive 
industrial equipment from grid-restoration transients. 

 

Black start and reconnection 

The black start and reconnection is the process where the microgrid is restored from a 
complete blackout condition starting at 3:05:00 PM. This scenario demonstrates the ability of 
the RTS + BESS microgrid system to re-energize the network autonomously using the BESS as 
the primary grid-forming source. The BESS establishes the initial voltage reference, allowing 
the factory load to be reconnected in a controlled, sequential manner that avoids destabilizing 
the isolated network. Once stable, the RTS units are synchronized at approximately 3:06:39 PM, 
peaking at 5000 kW to support the load and reduce the BESS discharge burden. 

After a period of stable off-grid operation where the BESS successfully manages solar 
fluctuations, the MGC initiates the grid reconnection at 3:14:54 PM. Synchronization checks 
ensure compatibility, and the POC breaker is closed smoothly. While the data shows a brief 
power surge at the POC during the hand-off between the BESS and the utility grid, the system 
transitions back to on-grid operation without causing any instability or disturbances to the 
active factory loads. 

The power dispatch profile identifies the critical stages of recovery from a total blackout to a 
stabilized grid-connected state: 

 

• Autonomous Black Start (3:05:00 PM – 3:06:06 PM): The black start begins with all 
power lines at zero. At 3:06:06 PM, the BESS initiates grid-forming mode, spiking its 
output to roughly 1000 kW to provide the initial energization. 
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• Sequential Load and PV Integration (3:06:06 PM – 3:12:00 PM): Once the bus is 
energized, the load is brought online in stages, ramping from zero to a steady 3500 kW 
by 3:10:00 PM. Simultaneously, the PV generation is synchronized, peaking at nearly 
5000 kW around 3:10:00 PM, which allows the BESS to transition from discharging to 
charging mode (-1000 kW) to absorb the renewable surplus. 

 

• Synchronized Reconnection Transient (3:14:54 PM): When utility power is available, the 
POC breaker closes. This produces a significant momentary oscillation in the Grid and 
BESS power levels as the microgrid aligns with the utility. Despite this transient, the 
factory load remains perfectly flat and unaffected, confirming a successful transition to 
on-grid mode. 

 

3.5  On-site Demonstration 
 
The demonstration was conducted at auxiliary area of Nghi Son 2 Thermal Power Plant – a large-
scale generation facility that already installed an advanced microgrid system, combined with 
solar power and battery storage - to manage its own electricity needs. 

3.5.1 System Configuration 

 
Figure 29. Nghi Sơn 2 Microgrid System   
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The Microgrid system at Nghi Son 2 power plant includes the main components: 
 

• Low-voltage power supply and distribution system for the dormitory building 
(MSB - Main Switchboard) 

• 01 Diesel Generator, 1250kVA 
• 500kWp Rooftop Solar (Sungrow) 
• 900kWh BESS (VinES/VinFast) 
• 250kW PCS (Power Conversion System) (Kehua) 
• Switchgear, distribution devices (Sub-panels), and auxiliary equipment 
• Microgrid Controller System 
 

3.5.2 Monitoring & Result 
The on-site demonstration for the MGC system focuses on assessing the actual performance 
of MGC functions at existing project sites that are currently under operation. However, due to 
production and operational constraints, it is not feasible to conduct direct test scenarios at 
these active sites as these would directly disrupt ongoing operations. Instead of live testing, 
the validation will be conducted by analyzing historical performance data, commissioning 
results, and previous field test documentation, to verify the MGC’s functional performance. 

 

  
Figure 30. On-grid operation of typical day 
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The on-grid performance of the Nghi Son 2 Microgrid demonstrates a highly optimized 
approach to energy autonomy and demand management. By prioritizing the local consumption 
of renewable energy, the system achieves a high degree of self-sufficiency, where the vast 
majority of the load is met by onsite solar generation. A critical factor in this success is the 
strategic use of the Battery Energy Storage System (BESS), which bridges the gap between 
peak production and peak demand. By capturing surplus solar energy during the day and 
deploying it to "shave" the late afternoon load spikes, the system effectively stabilizes the power 
profile and minimizes reliance on the utility grid. This seamless coordination, managed by the 
microgrid controller, ensures that grid interaction remains minimal and that local energy 
resources are utilized to their fullest potential. 
 

3.5.3 Technology Assessment 
 
The daily operation of the Nghi Son 2 Microgrid demonstrates a highly coordinated interaction 
between renewable generation, energy storage, and the utility grid to ensure local energy 
autonomy. 

The on-grid operation of the microgrid system demonstrates a high degree of energy self-
sufficiency and efficient peak load management. By utilizing a PV Solar capacity that has 
409.52 MWh cumulative generation, the system successfully covered the majority of its 493.30 
MWh cumulative load, requiring only 122.86 MWh in cumulative grid imports. A critical 
component of this performance is the BESS strategy, which effectively captured excess solar 
energy during the day to "peak shave" a significant load surge of approximately 200 kW in the 
late afternoon, thereby minimizing expensive grid dependence. The system's near-zero POI 
active power and minimal grid export (13.08 MWh) confirm that the microgrid controller is highly 
optimized for real-time balancing and local consumption.  

 

Morning: Solar Ramp-up & BESS Charging 

• Solar: Around 06:00, solar generation begins to increase, peaking at nearly 300 kW 
(negative on the chart indicates generation/injection into the microgrid bus). 

• BESS: During the peak solar window (approx. 09:00 – 14:00), the BESS enters Charging 
Mode (positive values on the chart). It absorbs excess solar energy to reach the state 
shown in the summary. 

• Grid: Stays near zero, indicating the microgrid is successfully "self-consuming" solar 
power and minimizing grid dependence during the day. 
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Late Afternoon: Peak Load & BESS Discharge 

• Load :There is a significant load spike (approx. 200 kW) in the late afternoon. 

• BESS: As solar production drops (orange line returning to zero), the BESS switches to 
Discharge Mode (negative values). This "peak shaves" the demand, preventing a large 
surge in grid import. 

 

Night: Grid Support 

• Grid: When both solar and BESS are depleted or at their minimum thresholds, the grid 
import increases slightly to sustain the baseline dormitory building load. 

 

3.6  Summary of Technical Suitability & Applicability 
Assessment 

 
The results demonstrate that the proposed RTS + BESS microgrid solution, operated under the 
supervision of the MGC, successfully fulfills the original design objectives across all evaluated 
operating conditions. 

In on-grid operation, the system effectively maximizes self-produced and self-consumed 
renewable energy by prioritizing RTS generation and dynamically dispatching BESS power. Grid 
power import is significantly reduced during peak demand and high-tariff periods through 
coordinated peak shaving and Time-of-Use (TOU) energy shifting, while zero-export at the POC 
is consistently maintained. 

In off-grid operation, the BESS reliably performs grid-forming functions, maintaining stable 
voltage and frequency under varying load and solar generation conditions. The system 
demonstrates robust power balancing capability, effective spinning reserve management, and 
uninterrupted load supply during islanded operation. 

Transition scenarios, including planned islanding, unplanned islanding, and black start, confirm 
the system’s ability to seamlessly switch between operating modes. Load continuity is 
preserved throughout all transition events, and voltage, frequency, and synchronization 
parameters remain within acceptable limits during disconnection and reconnection processes. 

Overall, the demonstration results validate the technical feasibility, operational robustness, 
and control effectiveness of the proposed microgrid solution for C&I applications. 

 

Based on the demonstration outcomes, the following conclusions and recommendations are 
provided: 
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• The RTS + BESS microgrid solution is well-suited for commercial and industrial 
customers seeking to reduce energy costs under TOU tariffs while enhancing power 
supply reliability 
 

• The MGC demonstrates strong capability in coordinating multiple distributed energy 
resources and managing complex operating scenarios without compromising system 
stability 
 

• For practical deployment, it is recommended to fine-tune BESS SoC limits, spinning 
reserve margins, and TOU schedules based on site-specific load profiles and 
operational priorities 
 

• Future system expansion can be readily supported, including integration of additional 
energy resources such as EV chargers, backup generators, or demand response 
programs, leveraging the existing MGC control framework 

 
Field validation using long-term operational data is recommended to further optimize control 
parameters and verify performance under real-world conditions. 

In conclusion, the proposed RTS + BESS microgrid solution provides a scalable, resilient, and 
economically effective platform for modern C&I energy management, supporting both current 
operational needs and future expansion. 

 

3.7  Summary of Environmental, Economic, Social and 
Gender-Sensitive Technology Impact Assessment 

 
The Microgrid system provides the physical foundation for a Just Energy Transition. It delivers 
the clean energy required for decarbonization while the BESS provides the flexibility needed to 
turn that energy into a reliable, 24/7 industrial resource. This combination not only secures the 
factory's economic future through tariff optimization and resilience but also promotes a safer, 
more modernized workplace that supports a diverse and inclusive labor force. 
 
Environmental Impact: 
 

• Direct Decarbonization: As shown in the actual operation of Nghi Son 2 Microgrid 
system, it demonstrates significant carbon reduction by generating 409.52 MWh of 
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renewable energy in total, covering the vast majority of the factory's 493.30 MWh 
cumulative load. 

• Renewable Energy Maximization: By utilizing BESS to absorb surplus solar, the 
microgrid prevents renewable curtailment and ensures that 100% of generated solar is 
either consumed or stored for later use. 

• Grid Stress Reduction: The "Zero-Export" capability  ensures that high-penetration solar 
sites do not cause voltage instability or congestion on the public utility grid. 

 
Economic Impact: 
 

• Electricity Bill Savings (Arbitrage): Through the Time-of-Use strategy, the BESS 
charges during low-cost periods and discharges during peak hours, effectively shifting 
energy consumption from high-tariff to low-tariff blocks. 

• Avoidance of Peak Demand Penalties: The system in Nghi Son 2 performs peak shaving 
by discharging 199.63 MWh in total to support load spikes, reducing the maximum 
demand charges typically levied on industrial consumers. 

• Operational Resilience: The ability to execute Black Starts and maintain stable Off-grid 
operation protects the facility from the massive financial losses associated with 
production downtime during utility grid outages. 

 
Social Impact: 
 

• Local Energy Security: The microgrid acts as a decentralized power source that can 
operate independently, reducing the local facility's burden on the national grid during 
peak regional demand and enhancing overall local energy security. 

• Technology Spillover and Training: The implementation of advanced technology 
creates opportunities for the local workforce to develop expertise in high-tech energy 
management and decentralized power systems. 

 
Gender-Sensitive Impact: 
 

• Transition to Digitalized Operations: By shifting from heavy, labor-intensive 
conventional power generation to modular, software-controlled PV and BESS systems, 
the technology lowers physical entry barriers for technical roles. 

• Enhanced Occupational Safety: The automation of complex tasks such as 
Synchronization and Black Start restoration (achieving stability in minutes) reduces the 
need for manual high-risk electrical interventions, creating a safer technical 
environment for a diverse workforce. 
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Chapter 4. Distribution Automation System 

4.1  Objective 
 

The objective of this demonstration is to validate the technical functionality, responsiveness, 
and reliability enhancement potential of an automated distribution-network control system—
the Distribution Automation System (DAS)—under real operating conditions at the medium-
voltage level. 

As Viet Nam’s power system transitions toward decentralised generation and increasing 
rooftop-solar penetration, the distribution grid faces rising operational complexity and outage 
management challenges. The DAS solution addresses these through: 

• Detecting and localizing faults on the medium-voltage grid. 
 

• Automatically isolating distributed energy resources (DER) from the faulted area to 
prevent reverse power flow. 

 
• Automatically reconnecting DER after service restoration, simulating the safe grid-

synchronization behavior of renewable sources. 

This demonstration aims to provide quantifiable evidence of DAS benefits for replication across 
provincial power companies. 

 

4.2  General System Architecture 
 
A simplified one-line diagram illustrating the network architecture and control logic will be 

 
Figure 31. General Architecture of DAS 
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The ATS-developed DAS at Quang Ngai Power Company is structured into three components: 
 

• SmartDAS distribution grid automation software integration system at the center 
 
• Sectionalising switches, fault indicators on the grid 

 

• Telecommunication system connecting switching devices, fault indicators with the 
SmartDAS system at the center 

 

In a distribution network with distributed generation (e.g., rooftop solar), when a fault occurs 
on a feeder, if the DER is not disconnected from the faulted section, it may feed power back 
into the fault point, endangering both equipment and operating personnel. Therefore, DAS must 
identify the fault zone, isolate the DER during the Isolation stage, and only reconnect it after 
service restoration. 

The system follows the FLISR (Fault Location, Isolation, and Service Restoration) cycle: 
Fault Detection → Isolation → Service Restoration + DER Reconnection 

 

1. Fault Detection: The system collects FI (Fault Indicator) signals from switching devices 
(CBs, Reclosers, LBSs) to locate the fault. 
 

2. Isolation: DAS automatically sends open commands to devices at both ends of the 
faulted section to isolate the fault; simultaneously, it issues an open command to the 
DER connection point. 

 
3. Restoration: The system calculates backfeed configurations and closes required 

switches to restore power to healthy segments. 
 
4. DER Reconnection: Once the grid is stable, DAS closes the DER switch to reconnect 

the distributed resource to the grid. 
 

4.3  Simulation  
 

Prior to the live test, ATS will conduct analytical simulations to validate automation algorithms 
and expected reliability improvements. 

In the simulation, a distributed energy resource (DER), represented by a solar plant, is 
integrated into a medium-voltage distribution network to test the automatic fault-handling 
capability of the Distribution Automation System (DAS). A fault is introduced in one section of 
the network, prompting the DAS to perform a complete FLISR cycle—detecting the fault, 
isolating the faulted segment, disconnecting the DER to prevent backfeed, restoring service to 
unaffected areas, and finally reconnecting the DER once the grid has stabilized. The process is 
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executed automatically under DAS control, demonstrating seamless coordination between 
fault management and DER integration. 

Expected outputs: 

• Fault-handling cycle completed automatically without manual intervention. 
 

• DER safely disconnected and reconnected at appropriate times. 
 
• Optimize fault-handling time, improving reliability indices such as SAIDI and SAIFI. 
 
• Operational dataset supporting benefit analysis. 
 
• Technical recommendations for scaling DAS deployment. 

 

4.3.1 Fault Handing without DERs Participation 

4.3.1.1 Objective 
 

• To demonstrate and evaluate the automatic fault detection, isolation, and service 
restoration functions of the Distribution Automation System (DAS) on a medium-voltage 
distribution feeder without the presence of any Distributed Energy Resource (DER). 

 
• This test focuses on validating the core FLISR capability (Fault Location, Isolation, and 

Service Restoration) of DAS. 
 

4.3.1.2 Operating Principle 
 
In a distribution network without distributed energy sources (e.g., rooftop solar), when a fault 
occurs on the feeder. The operation follows the FLISR cycle: 

 

Fault Detection → Isolation → Service Restoration 
 

Detailed process: 

• Detection: The system receives Fault Indication (FI) signals from switching devices such 
as CBs, Reclosers, and LBSs to determine the fault location. 

 
• Isolation: Automatically sends open commands to devices at both ends of the faulted 

section to isolate the fault. 
 
• Restoration: Calculates options and closes necessary devices to restore supply to 

unaffected sections. 
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4.3.1.3 Simulation Configuration 

• Disconnect DER (Solar Plant) at section S06. 
• Fault location: Section S04. 
• Related devices: 

✓  CB 478: Protection device near the main source – detects the fault and trips (OPEN). 
✓  LBS 472-8/42 BẾN XE: Device within the faulted section – issues FI signal. 
 

 
Figure 32. Default state of the simulated network (without DER participation) 

 

4.3.1.4 Execution Steps 
 
Step 1: Preparation 
 

• Set DAS operating mode to Automatic. 
 

• Verify all devices are in normal state, and the simulated DER is not connected to the grid. 
 
Step 2: Fault Simulation 
 

• Create a fault at section S04: 

✓ LBS 472-8/42 BẾN XE shows FI signal. 
✓ CB 478 shows FI and trips to OPEN state. 
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Step 3: DAS Automatic Processing Sequence 
 

• (1) Detection:  
DAS receives FI signals and identifies the faulted area. 
 

• (2) Isolation: 
DAS automatically opens the devices at both ends of the faulted section to isolate it. 
 

 
Figure 33. DAS processing in Isolation phase (without DER participation) 

 
• (3) Restoration: 

The system calculates an alternative supply route and closes required devices to restore power 
to healthy sections. 
 

 
Figure 34. DAS processing in Restoration phase (without DER participation) 

 

4.3.1.5 Monitoring & Result 
 

• Sequence of switching states for CBs, LBSs, and Reclosers. 

• Color changes on the single-line diagram (indicating de-energized → isolated → restored 
sections). 

• Event log showing the FLISR process (Validate → Detect → Isolate → Restore). 
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4.3.2  Fault Handling with DERs Participation 

4.3.2.1  Objective 
 
Demonstrate the functions of the Distribution Automation System (DAS) in: 

• Detecting and isolating faults on the medium-voltage distribution network. 

• Automatically disconnecting Distributed Energy Resources (DERs) from the faulted area 
to prevent reverse power flow. 

• Automatically reconnecting DERs after the faulted area has been restored, simulating the 
safe grid re-synchronization behavior of renewable sources. 

 

4.3.2.2  Operating Principle 
 

In a distribution network with distributed energy sources (e.g., rooftop solar), when a fault 
occurs on the feeder: 

• If the DER is not disconnected from the faulted section, it may feed power back into the 
fault point, posing risks to equipment and operational personnel. 

• Therefore, DAS must identify the faulted area, isolate the DER during the Isolation phase, 
and only reconnect it once power restoration is complete. 

 
The operation follows the FLISR cycle: 
 

Fault Detection → Isolation → Service Restoration + DER Reconnection 
 

Detailed process: 

• Detection: The system receives Fault Indication (FI) signals from switching devices such 
as CBs, Reclosers, and LBSs to determine the fault location. 

• Isolation: Automatically sends open commands to devices at both ends of the faulted 
section to isolate the fault; simultaneously sends an open command to the DER 
connection device (e.g., LBS 468-8/25 MÊ KÔNG) to disconnect the distributed source 
from the grid. 

• Restoration: Calculates backfeeding options and closes necessary devices to restore 
supply to unaffected sections. 

• DER Reconnection: After system stabilization, DAS sends a close command to the DER 
connection device, allowing the distributed source to safely reconnect to the grid. 
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4.3.2.3  Simulation Configuration 
• Simulated DER: Solar Plant – connected at section S06. 

• Fault location: Section S04. 

• Related devices: 

✓ CB 478: Protection device near the main source – detects the fault and trips 
(OPEN). 

✓ LBS 472-8/42 BẾN XE: Device within the faulted section – issues FI signal. 
✓ LBS 468-8/25 MÊ KÔNG: DER connection device – opened by DAS during the 

Isolation phase. 

 
Figure 35. Default state of the simulated network (with DER participation) 

 

4.3.2.4  Execution Steps 
 
Step 1: Preparation 
 

• Set DAS operating mode to Automatic. 

• Verify all devices are in normal state, and the simulated DER is connected to the grid. 

 
Step 2: Fault Simulation 
 

• Create a fault at section S04: 

✓ LBS 472-8/42 BẾN XE shows FI signal. 
✓ CB 478 shows FI and trips to OPEN state. 
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Step 3: DAS Automatic Processing Sequence 
 

• (1) Detection:  

DAS receives FI signals and identifies the faulted area. 
 

• (2) Isolation: 

DAS automatically opens the devices at both ends of the faulted section to isolate it. 
Simultaneously, it opens LBS 468-8/25 MÊ KÔNG to disconnect the DER at S06. 
 

 
Figure 36. DAS processing in Isolation phase (with DER participation) 

 
• (3) Restoration: 

The system calculates an alternative supply route and closes required devices to restore power 
to healthy sections. 
 

•  (4) DER Reconnection: 

After restoration, DAS closes LBS 468-8/25 MÊ KÔNG, allowing the simulated DER to reconnect 
to the grid. 
 

 
Figure 37. DAS processing in Restoration phase (with DER participation) 
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4.3.2.5  Monitoring & Result 
 

• Sequence of switching states for CBs, LBSs, and Reclosers. 

• Color changes on the single-line diagram (indicating de-energized → isolated → restored 
sections). 

• Event log showing the FLISR process (Validate → Detect → Isolate → Restore). 

 

4.4  On-site Demonstration 
 

For the on-site demonstration, conducting a live test of the fault-handling scenario was not 
feasible, as it would have disrupted the power supply to several active segments of the 
distribution grid and potentially affected end-users. To ensure system stability and operational 
safety, the demonstration was therefore performed through analytical assessment using 
historical operational data recorded during previous fault events. This approach enabled 
validation of the DAS fault detection, isolation, and restoration functions in a realistic context 
without interfering with actual grid operation, thereby maintaining reliability while still 
achieving the intended technical evaluation. 

 

Site Province Facility Type Key Attributes 
Quang Ngai 
Power 
Company 

Quang 
Ngai 

Distribution utility 
(110 kV/22 kV 
system) 

Existing ATS-installed DAS operating 
across multiple feeders; accessible data 
and cooperation from system operators 
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4.4.1 System Configuration 

 
Figure 38. DAS system at control center of PC Quang Ngai 

 
Main component of DAS system installed at control center of PC Quang Ngai: 
 

• 02 DAS Servers: Operating in a redundant configuration to perform real-time data 
acquisition and processing, and to provide DAS application functions. 
 

• 01 HIS Server: Dedicated to storing historical operational data for the DAS system and 
facilitating report generation. 

 
• 01 Engineering Workstation: Used for system building, expansion configuration, design, 

testing, and simulating fault scenarios before live deployment. 
 
• 02 DAS Operator Workstations: Used to display the DAS system interface, allowing 

dispatchers to monitor, supervise, operate, and analyze the performance of DAS 
software functions. 
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4.4.2 Monitoring & Result 
DAS system's live operational parameters within the PC Quang Ngai network can be found in the 
table below: 
 

Tripped 
Equipment 

Start Time End Time DAS Mode 
Execution 

Time 
(seconds) 

Affected 
Area 

Equipment Opened for 
Isolation 

Equipment Closed for 
Restoration 

PĐ NGHĨA DÕNG 1 05/10/2025 
07:01:18 

05/10/2025 
07:01:47 

Automatic 29.7 S32 PĐ NGHĨA DÕNG 1 , PĐ 
NGHĨA HÒA 1 

LL NGHĨA HÀ 

PĐ NGHĨA DÕNG 
21/09/2025 

07:03:39 
21/09/2025 

07:04:12 Semi 33 S23 
PĐ NGHĨA DÕNG , PĐ 
NGHĨA DŨNG LL NGHĨA HÒA 

RC PĐ Lê Thánh 
Tôn 

19/09/2025 
20:11:23 

19/09/2025 
20:11:52 Automatic 29.1 S04 

RC PĐ Lê Thánh Tôn , 
LBS LL Lê Lợi , LBS PĐ 
Phan Đình Phùng 

LBS LL Trần Hưng Đạo 

RC PĐ Nguyễn 
Trãi 

11/06/2025 
18:33:26 

11/06/2025 
18:33:52 Automatic 26.1 S06 

RC PĐ Nguyễn Trãi , LBS 
PĐ Lê Lợi , LBS NR Chu 
Văn An 

LBS LL Lê Lợi 

RC PĐ Nguyễn 
Trãi 

22/12/2024 
07:20:04 

22/12/2024 
07:20:31 

Automatic 27.6 S06 
RC PĐ Nguyễn Trãi , LBS 
PĐ Lê Lợi , LBS NR Chu 
Văn An 

LBS LL Chu Văn An, 
LBS LL Lê Lợi 

RC PĐ Lê Thánh 
Tôn 

22/12/2024 
07:16:45 

22/12/2024 
07:17:43 Semi 58 S04 

RC PĐ Lê Thánh Tôn , 
LBS LL Lê Lợi , LBS PĐ 
Phan Đình Phùng 

LBS LLTrần Hưng Đạo 

RC PĐ Lê Thánh 
Tôn 

22/12/2024 
07:14:22 

22/12/2024 
07:14:49 Automatic 26.6 S04 

RC PĐ Lê Thánh Tôn , 
LBS LL Lê Lợi , LBS PĐ 
Phan Đình Phùng 

LBS LLTrần Hưng Đạo 

CB471 Quảng Phú 22/12/2024 
07:07:18 

22/12/2024 
07:07:45 Automatic 27.1 S08 CB471 Quảng Phú , LBS 

PĐ Nguyễn Trãi 1 LBS LL Chu Văn An 

 
The DAS at PC Quang Ngai functions as an intelligent "self-healing" grid management tool, 
designed to minimize outage durations by automatically rerouting electricity around faulted 
segments. Overall, the system provides restoration speeds that are far superior to traditional 
manual methods, which typically take significant time to execute. By localizing outages to 
specific affected areas while surrounding sections are restored, the DAS significantly improves 
the SAIDI and SAIFI reliability indices. 
 
Furthermore, the technology enhances overall electricity quality by maintaining a more stable 
voltage profile across the un-faulted portions of the grid, protecting sensitive industrial equipment 
from the prolonged disturbances associated with manual switching. In general, the DAS is 
successfully transforming what would traditionally be long-duration outages into brief, sub-minute 
interruptions, ensuring a higher standard of service reliability for the industrial sector. 
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4.4.3 Technology Assessment 
 
The system operates in two distinct modes, with a clear performance gap between them: 
 

• Automatic Mode: This is the most efficient configuration. Execution times consistently 
range between 26.1 and 29.7 seconds. In this mode, the system detects a fault, isolates 
the damaged equipment, and restores power to healthy sections without human 
intervention.  

 
• Semi Mode: This mode requires some level of operator confirmation or manual trigger. 

Execution times are significantly higher, ranging from 33 seconds to as long as 58 
seconds (as seen in the "RC PĐ Lê Thánh Tôn" event). 

 

Overall, the system is achieving restoration in under 30 seconds for most automatic events, 
which is far superior to traditional manual restoration that typically takes 20 minutes to several 
hours. This also prove that the system shows high consistency in automatic execution (multiple 
events around the 26–27 second mark), suggesting a well-tuned communication network and 
logic controller. Reliability is increased since outages are localized to specific "Affected Areas" 
(e.g., S32, S04) while surrounding areas are restored.   

 

4.5  Summary of Technical Suitability & Applicability 
Assessment 

 

The core value of the DAS is its ability to compress the outage timeline, which directly impacts 
the following key performance indicators: 

 

• SAIDI: By achieving restoration in under 30 seconds in Automatic Mode, compared to 
the manual baseline of 20 minutes to hours, the DAS significantly reduces the total 
customer minutes of interruption. Automated fault detection and isolation can reduce 
customer interruption minutes by over 50%. 

 

• SAIFI: While DAS cannot prevent the initial fault, its selective isolation logic ensures that 
fewer customers experience a sustained interruption. Isolating a fault to the smallest 
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possible segment reduces the total number of customers interrupted by up to 50% 
during a permanent event. 

 
• MAIFI: The system's high consistency in automatic execution (26–27 seconds) helps 

manage transient faults, preventing momentary disturbances from escalating into 
sustained outages that would otherwise negatively impact SAIFI. 

 

Beyond reliability, the DAS improves the technical quality of the power delivered to industrial 
loads: 

 

• Voltage Stability: By automatically reconfiguring the network around faulted segments, 
the DAS ensures that un-faulted sections maintain a stable voltage profile, preventing 
the "voltage sags" that can damage sensitive industrial electronics. 

 

• Continuous Monitoring: The "well-tuned communication network" allows for real-time 
tracking of active power and reactive power flow. This visibility enables the system to 
manage power quality within accepted boundaries, optimizing asset utilization and 
reducing the technical losses associated with poorly managed feeder configurations. 

 
• Reduced Human Exposure: By shifting high-risk switching tasks to an automated 

"Automatic Mode," the system creates a safer operational environment while 
simultaneously ensuring that the power quality is maintained without the variability 
introduced by manual operator confirmation. 

 
• Support for Grid Modernization: As a "self-healing" tool, DAS creates a robust grid 

foundation capable of better managing the bi-directional power flows associated with 
high penetrations of distributed renewable energy. 

 

In general, the DAS is successfully transforming what would be long-duration outages into brief, 
sub-minute interruptions. By automating the Fault Location, Isolation, and Service Restoration 
(FLISR) process, DAS is not only meeting regulatory standard reliability targets but is also 
providing a higher standard of power quality required for a modern industrial digital economy. 
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4.6  Summary of Environmental, Economic, Social and 
Gender-Sensitive Technology Impact Assessment 

 
The DAS system acts as a critical technological bridge in the energy transition. By successfully 
transforming long-duration outages into brief, sub-minute interruptions, it provides the high-
quality power required for a digitalized economy while simultaneously creating a safer and more 
inclusive workplace. The implementation of DAS at PC Quang Ngai demonstrates that "self-
healing" capabilities are essential for meeting modern reliability standards and supporting the 
shift toward a decentralized, decarbonized grid. 
 
Environmental Impact: 

• Reduced Operational Footprint: By automating fault location and isolation, DAS 
minimizes the need for utility crews to perform extensive field patrols in gasoline-
powered vehicles, thereby reducing the carbon emissions associated with fault 
troubleshooting. 

 

• Efficiency Gains: The system’s ability to maintain a more stable network configuration 
reduces technical energy losses that occur during prolonged, inefficient manual 
rerouting. 

 
Economic Impact: 

• Significant Improvement in Reliability Indices: The transition from manual restoration 
to "Automatic Mode" reduces outage durations from hours to under 30 seconds, which 
directly lowers the SAIDI and SAIFI indices. 

 

• Mitigation of Industrial Loss: For sensitive industrial customers, the transformation of 
long-duration outages into brief interruptions prevents the massive economic losses 
associated with halted production lines and damaged equipment. 

 

• Optimized Asset Management: Real-time monitoring allows the utility to operate the 
distribution network closer to its technical limits safely, deferring expensive 
infrastructure upgrades through better load management and faster fault recovery. 
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Social Impact: 

• Enhanced Community Resilience: By localizing outages to specific "Affected Areas" 
while surrounding communities are restored, DAS ensures that critical social 
infrastructure, such as hospitals and schools, remains powered. 

 

• Transition to High-Skilled Labor: The system shifts the utility workforce away from 
reactive, manual fieldwork toward high-tech, digitalized grid management and energy 
monitoring roles. 

 
Gender-Sensitive Impact: 

• Inclusive Workspace: The shift from physically demanding manual switching and field 
troubleshooting to software-driven control in a centralized environment reduces 
physical barriers to entry for technical roles. 

 

• Workplace Safety: Automating the Fault Location, Isolation, and Service Restoration 
process removes the need for personnel to interact with high-voltage equipment during 
hazardous fault conditions, creating a significantly safer and more inclusive working 
environment. 
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Chapter 5. Conclusions and Recommendations 
 

5.1 Conclusions 
 
The integration of these three technologies creates a resilient, "self-healing," and decarbonized 
industrial energy ecosystem. 
 

5.1.1 ADLC for Demand Response 
 
ADLC serves as a high-speed "digital buffer," providing prioritized control logic that stabilizes 
industrial loads within seconds during grid disturbances. By replacing manual, binary shedding 
with automated power limit tracking, it prevents plant-wide blackouts and decouples national 
grid stability from local economic loss. 

The technical suitability of the ADLC system is demonstrated by its high integration feasibility 
within modern smart grids and its ability to meet both standard and emergency utility 
requirements. For industrial facilities, the system’s applicability is defined by its Multi-Modal 
Agility, which allows it to scale response speeds based on the immediate urgency of the grid. 
For routine peak-shaving, ADLC is technically suitable for Normal DR scenarios, where it 
executes selective curtailment of low-priority loads to a set power limit over a 5 to 15-second 
window to prioritize long-term stability. Conversely, in the event of sudden grid instability, the 
system is highly applicable for emergency Fast Frequency Response (FFR), triggering a Fast 
Runback in under one second to prevent potential grid collapse. 

The core strength of the ADLC system lies in its Intelligent Resource Coordination, making it an 
ideal platform for facilities with diverse energy assets. By simultaneously managing BESS, 
Diesel Generators (DG), and controllable loads, the system can perform complex Dynamic DR. 
This multi-stage optimization is technically superior for ancillary services that require real-time 
tracking of variable utility signals while ensuring that critical production lines remain 
operational even during deep grid curtailment. Consequently, the system is highly applicable to 
manufacturing environments where the preservation of load continuity must be balanced 
against aggressive grid-balancing demands. 

In the specific context of Vietnam, ADLC technology is highly feasible for industrial facilities 
participating in national Energy Transition initiatives. As the grid integrates higher percentages 
of variable renewable energy, the system's ability to provide sub-second fast frequency 
response becomes a technical necessity for maintaining national grid stability. The ADLC 
proves to be a versatile solution that can adapt from gradual, stability-focused adjustments for 
routine scheduling to near-instantaneous shedding for emergency protection, making it a 
robust foundation for modern industrial energy management. 
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5.1.2 Microgrid (PV + BESS) 
 
The microgrid provides the physical foundation for energy independence and decarbonization, 
meeting the majority of daily industrial loads through Solar PV. The BESS component adds 
essential flexibility, enabling Time-of-Use (TOU) arbitrage, peak shaving, and autonomous Black 
Start capabilities. 

The technical suitability of the RTS + BESS microgrid solution is primarily defined by the synergy 
between the energy resource profile and the site’s specific load characteristics. For C&I 
applications, suitability is highest where there is a significant load-generation overlap, meaning 
peak solar production coincides with peak operational hours. The Microgrid Controller relies on 
this alignment to maximize self-consumption and ensure the BESS maintains an optimal SoC 
for both peak shaving and emergency islanding. Furthermore, the system is technically 
applicable to sites with high-sensitivity critical loads where the cost of even a momentary 
interruption outweighs the capital investment of grid-forming inverters and high-speed 
switching hardware. 

Central to the applicability of this solution is the advanced capability of the BESS inverters. For 
the microgrid to successfully transition between on-grid and off-grid modes as demonstrated, 
the inverters must be "grid-forming" rather than merely "grid-following." This technical 
distinction is crucial; grid-forming inverters provide the necessary reference voltage and 
frequency during islanded operation, whereas standard commercial solar inverters would 
typically shut down. Therefore, the suitability of this platform is dependent on selecting power 
conversion systems that can manage the high-speed synchronization required for seamless 
reconnection to the main utility without violating phase-angle or voltage-magnitude limits. 

The scalability and future-proofing of the system are further enhanced by the MGC’s control 
framework, which must be technically adaptable to diverse communication protocols. For a 
microgrid to be applicable across varied industrial settings, the MGC must act as a universal 
translator between legacy plant equipment and modern distributed energy resources (DERs). 
Its suitability for future expansion, such as integrating EV charging hubs or backup diesel 
generators, rests on its ability to execute multi-objective optimization. This involves balancing 
instantaneous power quality (voltage and frequency stability) with long-term economic goals 
(TOU arbitrage and demand charge reduction), all while managing the stochastic fluctuations 
inherent in solar generation. 

Ultimately, the deployment of an RTS + BESS microgrid is most applicable in environments 
characterized by high energy price volatility or stringent power quality requirements. While it 
provides a vital fallback in regions with inconsistent utility reliability, its primary value in modern 
C&I applications often lies in load-profile optimization and decarbonization, allowing facilities to 
maintain operational continuity and economic efficiency regardless of external grid constraints. 
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5.1.3 Distribution Automation System (DAS) 
 
DAS modernizes grid reliability by transforming long-duration outages into brief, sub-minute 
interruptions. Its "Automatic Mode" provides a consistent, high-speed recovery in a few tens of 
seconds that significantly improves SAIDI and SAIFI indices while ensuring superior electricity 
quality for sensitive equipment. 

The technical suitability of a DAS is fundamentally predicated on the existing architecture of 
the electrical network. For the system to effectively execute the sub-minute restoration times 
mentioned, the grid must possess a looped or mesh-capable radial topology. This means that 
for any given feeder, there must be viable tie-points and alternative feed paths with sufficient 
redundant thermal capacity to absorb transferred loads. Without this structural flexibility, the 
"Service Restoration" component of FLISR cannot be realized, as the system would have no 
healthy source to switch to after isolating a fault. Therefore, DAS is most applicable in 
modernized urban or industrial corridors where infrastructure supports bi-directional power 
flow and high-capacity redundancy. 

Beyond physical topology, the applicability of DAS is inextricably linked to the sophistication of 
the communication backhaul. A well-tuned communication network is not merely a preference 
but a technical necessity; the system requires high-speed, low-latency infrastructure, typically 
Fiber Optics or 4G/5G to ensure that automated commands are executed within the critical sub-
minute window. Furthermore, technical suitability depends on the interoperability of the 
Intelligent Electronic Devices (IEDs) across the network. The system must utilize standardized 
communication protocols, such as IEC 61850, to allow seamless data exchange between 
sensors, reclosers, and the central controller, ensuring that the selective isolation logic can 
distinguish between transient disturbances and permanent faults without human intervention. 

Furthermore, the environmental context of the deployment dictates the specific hardware 
configuration and its subsequent effectiveness. In dense urban environments, the DAS is best 
applied through automated Ring Main Units (RMUs) within underground networks, which are 
shielded from external elements but require higher precision in fault location due to the difficulty 
of physical inspection. Conversely, in expansive rural or suburban areas, the system's suitability 
is defined by its integration with automated reclosers. In these scenarios, the system must be 
calibrated to manage higher levels of external environmental disturbances and intermittent 
anomalies from vegetation and lightning, requiring more sensitive protection coordination to 
ensure that automated switching does not inadvertently exacerbate a transient event. 

Ultimately, the successful application of DAS requires a move away from legacy, manual-only 
switchgear toward a digitally integrated asset base. The technical transition is most effective 
when the DAS is paired with a comprehensive Distribution Management System (DMS) that 
provides the continuous monitoring capabilities. This integration allows the utility to move 
beyond reactive restoration and toward a proactive, self-healing grid. By aligning the system's 
automated logic with the physical realities of the feeder’s load profile and communication 



 

 

 

92 

01 

constraints, DAS becomes a transformative tool rather than just an incremental improvement, 
providing the high-tier power quality essential for a modern digital economy. 

 

5.1.4 Environment, Economic, Social & Gender Benefits 
 
All these systems ensure improve renewable utilization while reducing utility grid stress. 
Economically, the technologies minimize electricity bills through TOU arbitrage, avoid peak 
demand penalties, and protect expensive assets from recovery transients. Socially and 
operationally, they modernize the workplace by shifting hazardous manual labor toward high-
skilled digital energy management, lowering physical entry barriers and creating a safer, more 
inclusive environment for a diverse workforce. 
 

5.2  Strategic Recommendations 
 
To maximize the impact of these technologies within the framework of PDP8 and the Just 
Energy Transition, the following steps are recommended: 
 

1. Establish Incentive Mechanisms for Demand Response (DR):  Policy-makers should 
develop clear financial incentives or capacity payments for factories using ADLC 
technology. This would compensate industrial users for providing the sub-second "Fast 
Runback" agility required to stabilize the grid during renewable energy fluctuations. 
 

2. Enable Dynamic Time-of-Use (TOU) Pricing: To maximize the economic impact of 
BESS, policies should transition from static TOU blocks to more dynamic pricing models. 
This would encourage BESS owners to perform more aggressive energy shifting, 
charging during high-solar surplus and discharging during peak-demand periods. 
 

3. Incentivize Black Start & Resilience Capabilities: Policy should offer incentive on 
resilience capability or tax incentive for industrial parks that invest in grid-forming BESS 
technology, which ensures regional business continuity during national grid failures. 
 

4. Support Digital Energy Workforce Development:  Policies should fund vocational 
training programs specifically focused on the digitalized energy sector. This 
supports the Just Energy Transition by preparing the workforce for high-skilled 
monitoring roles, thereby lowering physical entry barriers and increasing gender 
diversity in the energy field.  
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5. Prioritize Full Automation: The operators should do transition of all DAS and ADLC systems 
to "Automatic Mode" to eliminate the delays and variability of manual or semi-automatic 
interventions, ensuring restoration times stay below a few tens of seconds threshold. 
 

6. Implement Integrated Monitoring: Deploy a unified monitoring platform that 
coordinates Microgrid generation with ADLC demand-side flexibility. This ensures 
compliance with limit-export of renewable energies while maximizing the facility's 
participation in ancillary service markets. 
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