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SUMMARY 

According to the Federal Energy Regulatory Commission (FERC), demand response (DR) is 
the change in usage by demand-side resources from their normal consumption patterns in 
response to changes in the price of electricity over time, or to incentive payments designed 
to induce lower electricity use at times of high wholesale market prices or when system 
reliability is jeopardized (such as a large drop in frequency). In Eskom, DR is used to induce 
low electricity usage at times when system reliability is jeopardized. When DR was first 
introduced in Eskom, the total capacity was below 200 MW and the effective performance 
was in the range of 80 percent or so. All participants had exactly the same settings. When 
Eskom was going through extreme generation shortage, more customers were contracted to 
participate in DR. Consequently, the certified capacity increased to around 900 MW and the 
System Operator was relying more on DR for primary frequency control. Having such a huge 
capacity of DR at the same frequency setting resulted to a significant frequency overshoot 
when DR was activated. This prompted SO to review the settings to optimise DR for primary 
frequency control. This paper presents the results from the studies conducted to understand 
DR contribution on primary frequency control. To optimise primary frequency performance 
from demand response the large load block was subdivided into smaller blocks. The 
proposed method has been applied in Eskom power system, South Africa. Results show that 
it can minimize frequency overshoot during disturbances.  
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1. INTRODUCTION 

According to the Federal Energy Regulatory Commission (FERC), demand response (DR) is 
the change in usage by demand-side resources from their normal consumption patterns in 
response to changes in the price of electricity over time, or to incentive payments designed 
to induce lower electricity use at times of high wholesale market prices or when system 
reliability is jeopardized (such as a large drop in frequency). In Eskom, DR is used to induce 
low electricity usage at times when system reliability is jeopardized. Hence, it falls under 
ancillary services. 

In Eskom, primary frequency control reserves are provided by online generators and DR. 
This reserve capacity is referred to as instantaneous reserve; hence, DR capacity is called 
instantaneous demand response (IDR).  Participants in IDR are customers who have agreed 
to provide reserves by reducing load on request and have a valid contract with Eskom. IDR 
is the component of DR reserved for low frequency events and contingencies related to a 
loss of generation and subsequent declines in frequency. IDR is not dispatchable as it 
operates automatically via under-frequency relays. If the system frequency declines to below 
the predetermined threshold frequency setting (for example 49.65 Hz) for a specified time 
delay setting (for example 4 seconds), the under frequency relays at all contracted IDR 
customer sites will operate to reduce the demand and arrest the frequency at acceptable 
limits. That load will remain off the system for ten minutes or until the system frequency is 
restored to above 49.85 Hz. A typical response of IDR is shown in Figure 1 below. 

 

Figure 1: Instantaneous Reserves from demand response 

There are many companies participating in demand response, the loads are aggregated by 
the DR Aggregator. The architecture of demand response program is shown in the diagram 
below.  
 



 
 

Figure 2: Eskom demand response architecture 
 

Demand Response Participants: This refers to electricity users that have made their loads 
available to enrol in demand response program 

Demand Response Aggregator: The aggregator acts as an administrator of the program. 
They provide communication links and software support for the DR participant’s sites and 
arrange the dispatch of load reduction by scheduled participant as requested by the System 
Operator (SO). 

Demand Response Management: Demand Response Management contracts with SO via a 
Service Level Agreement to provide reserves capacity to SO. They then contract with DR 
participants for the provision of these services and manage the settlements and payments to 
these participants as per their agreements with each participant. DR management also 
works closely with the aggregator to track performance of the participants and to ensure that 
performance targets set by the System Operator are met. 

System Operator:  SO have a mandate to control the operation of the power system and is 
responsible for the short term reliability of the interconnected power system as defined in the 
South African Grid Code. As a result, SO schedules resources day ahead to meet primary 
energy and reserves requirements. During the day of operation, SO dispatches the available 
resources to balance supply and demand in the power system second by second. 

2. WHY OPTIMISE DEMAND RESPONSE SETTINGS 

The System Operator (SO) is required by the South African Grid Code (SAGC) and 
Southern African Power Pool (SAPP) operating guidelines to carry sufficient instantaneous 
reserve to keep frequency above 49.50 Hz following a loss of the largest unit. Between year 
2012 and 2015, Eskom experienced extreme generation shortage. As a result, SO could not 
get the required operating reserve capacity from online generating units most of the time 
during this era. To fill the void, IDR was used to supplement generation capacity required for 
instantaneous reserve.  

When IDR was first introduced, the total capacity was below 200 MW and the effective 
performance was in the range of 80 percent or so. All IDR participants had exactly the same 
settings. When Eskom was going through extreme generation shortage, more DR 
participants were contracted. Consequently, the certified capacity increased to around 900 
MW. Having such a huge capacity of IDR at the same frequency setting resulted to a 
significant frequency overshoot as shown in the diagram below.  



 

Figure 3. System frequency overshoot due to large demand response load 

This prompted SO to review the settings to optimise IDR for primary frequency control.  

3. LITERATURE SURVEY 

Literature survey shows that different utilities use demand response for frequency control. In 
[1] the potential of demand response as one of the participants in the frequency control was 
analysed. The thermostatically controlled refrigerators were controlled using the algorithm 
that allows a controlled reduction or increase of the power consumption based on frequency 
deviation and rate of change of frequency. This was validated on a Serbian power system. 
The group of aggregated refrigerators act like a virtual energy storage providing primary 
frequency control to the grid. One of the findings from [1] was that using frequency reserve 
that is available on the demand side directly contributes to a smaller change of output power 
of generators that participate in primary frequency control.  

In [2] the investigation on whether a degree of built-in frequency stability could be provided 
by incorporating dynamic demand control into certain consumer appliances was conducted. 
The study investigated the suitability of domestic refrigerators for use as dynamically 
controlled loads. In the conclusions it was highlighted that it is possible that dynamically 
controlled loads could be used to replace some of the spinning reserves from online 
generators. 

In [3] the use of demand response as a new measure for fast reserves of an islanded micro-
grid during different operating conditions was investigated. The study showed that applying 
demand response within the autonomous micro-grid allows generators to be fully loaded 
without the necessity to carry spinning reserves.  

It is evident that utilities are no longer relying only on synchronous generators for primary 
frequency control. Demand response is capable of providing fast response, therefore, it can 
be used for frequency control in islanded micro-grids and interconnected power system.  

4. DEMAND RESPONSE CONTRIBUTION TO PRIMARY FREQUENC Y CONTROL 

To study the IDR contribution to primary frequency control a full Eskom network model was 
used to represent realistic power flow, network transmission losses, generation pattern and 
IDR loads. The customer loads were modelled as frequency responsive with load frequency 



characteristic of 4%. A general droop of 4% was assumed across all generating units and 
the frequency dead-band of 50±0.15 Hz was considered. The droop and dead band settings 
are as prescribed in the South African Grid Code.  The base case was the Eskom power 
system without demand response. Initially, the simulation run was done with the base case. 
The largest unit in the network was tripped as per SAGC requirements; the nadir and settling 
frequency were recorded. 

Table 1: Eskom system performance without IDR 

DR Load (MW) Nadir (Hz) Settling Frequency (Hz) 

- 49.531 49.604 

 

 

Figure 4. Typical system frequency profile 

The effect of frequency responsive loads and generator governing determine the overall 
system frequency recovery. To understand the impact of IDR on primary frequency control 
the following scenarios were studied: 

• Single IDR load block where all participants had same settings 
• Multiple IDR load blocks where three groups of participants had different settings  

These two scenarios were enough to understand the contribution of IDR on frequency 
control.  

4.1. SINGLE LOAD BLOCK STUDY 

The load blocks were arranged in block increments of 200 MW starting from 200 MW to 
1000 MW. The trip frequency for IDR load was set at 49.65 Hz with 4 seconds delay as per 
the practice on the Eskom Transmission system.  

 

 



Table 2: Single block IDR with 4 seconds time delay  
 

DR Load (MW) Nadir (Hz) Settling Frequency (Hz) 

200 49.531 49.624 

400 49.531 49.719 

600 49.531 49.770 

800 49.531 49.810 

1000 49.531 49.848 

 

 
Figure 5: Single load block results 

 
The results show that IDR only influences settling point; it does not have impact on the nadir. 
This is due to the delay time of 4 seconds, it takes long to respond. The generator governors 
and frequency responsive loads act immediately after the system frequency gets below 
49.85 Hz. Therefore, these two influences both the nadir and settling frequency. The time 
delay on IDR was changed from 4 seconds to 1 second and the following performance was 
achieved.  
 
Table 3: Single block IDR with 1 second time delay  
 

DR Load (MW) Nadir (Hz) Settling Frequency (Hz) 

200 49.599 49.619 

400 49.599 49.719 

600 49.599 49.770 

800 49.599 49.809 

1000 49.599 49.849 

 
From the above results, it can be seen that 1 second delay setting makes a tremendous 
impact on the nadir as compared to 4 seconds delay setting. The frequency recovery 
however does not seem to improve at all relatively. 
 
 



4.2. MULTIPLE LOAD BLOCKS STUDY 

The IDR capacity was subdivided into smaller blocks; these blocks were set to respond at 
different frequencies. The three frequency stages used were 49.7 Hz, 49.65 Hz and 49.6 Hz; 
all stages had a delay time of 4 seconds. For example, a 200 MW IDR capacity was 
distributed such that the 1/3 of the load will be first activated at 49.7 Hz, another 1/3 at 49.65 
Hz and the last portion at 49.6 Hz. The results show that staggering loads at different 
frequencies does not improve IDR performance significantly when they all have a 4 seconds 
time delay.  

Table 2: Staggered load blocks results 

DR Load (MW) Nadir (Hz) Settling Frequency (Hz) 

200 49.535 49.627 

400 49.535 49.727 

600 49.535 49.780 

800 49.535 49.820 

 

 

Figure 6: Multiple load blocks results 

After this analysis, it was recommended to break IDR capacity into two load blocks. First 
block set to respond when the frequency is below 49.65 Hz for more than 4 seconds and 
second block set to respond when the frequency is below 49.60 Hz for more than 1 second. 
Pilot settings were implemented and performance was monitored for over 6 months. The 
performance from the pilot project is discussed in the following section. 



5. MULTIPLE LOAD BLOCKS PILOT 

The pilot settings were implemented in the Eskom system as recommended in the preceding 
section. Furthermore, schedules were such that each block will have a maximum of 400 MW 
capacity per hour. The main objective was to minimize system frequency overshoot by 
activating only one block in events that result in small system frequency deviation. During 
large frequency deviation, both blocks were expected to respond and contribute in arresting 
frequency fall with minimum or no overshoot. 

5.1. IDR PERFORMANCE DURING SMALL FREQUENCY DEVIATI ON 

The diagram below shows how IDR performed during the small frequency deviation. The 
frequency fell from 49.87 Hz to 49.64 Hz, which is 0.23 Hz deviation. It was below 49.65 Hz 
for more than 4 seconds but above 49.60 Hz. As a result, block 1 was activated and this 
contributed in restoring the frequency to within the dead band. Block 2 was not activated 
because its trigger condition was not met. The performance was as expected and there was 
no overshoot, the system frequency settled at 49.97 Hz.  

 

Figure 5. IDR performance during small frequency deviation 

5.2. IDR PERFORMANCE DURING LARGE FREQUENCY DEVIATI ON 

The diagram below shows how IDR performed during large frequency deviation. The system 
frequency fell from 49.89 Hz to 49.53 Hz, which is 0.36 Hz deviation. It was below 49.65 Hz 
for more than 4 seconds and below 49.60 Hz for more than 1 second. As a result, block 1 
and block 2 were activated and contributed in arresting the frequency decay during the 
disturbance.  This was achieved with no overshoot, the frequency settled at 49.96 Hz.  



 

Figure 6. IDR performance during large frequency deviation 

In both small and large frequency deviation cases, IDR did not control the system frequency on 
its own. It was a collaboration effort between online generation governing response and demand 
response. The settings in the two blocks were optimised for primary frequency control in the 
Eskom network. 

6. CONCLUSIONS 

Demand response is capable of providing a fast response; therefore, it can be used for 
frequency control in the power system. A significantly large capacity of demand response can 
result to frequency overshoot during disturbances if it’s not optimised. The simulation studies 
were done to understand IDR contribution on frequency control. The results showed that a time 
delay of 4 seconds does not allow IDR to influence the nadir during the disturbances. To 
optimise demand response for primary control the large load capacity was subdivided into 
smaller blocks. The smaller blocks were set up to respond at different frequency levels and had 
different time delays. These settings ensured that the small frequency deviation activated one 
load block and the large frequency deviation activated both blocks. This was achieved without 
frequency overshoot. 
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