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Rebalancing Needs and Services for Future Grids 
How the System Needs, and Service Provisions are Evolving with, Increasing 

Shares of Inverter-Based Resources (IBRs) 

By Balarko Chaudhuri, Deepak Ramasubramanian, Julia Matevosyan, Mark O’Malley,  

Nick Miller, Tim Green, and Xiaoyao Zhou 

 

The primary objective of electricity grids is to reliably meet the electricity demand at a minimum cost.  

This objective can be broken down into a set of needs that are met through services.  These services are 

procured by either mandating them in grid codes, or via market mechanisms. While grids in different 

countries/regions share common features in terms of needs and services, there are variations arising in 

physical, regulatory, and policy contexts. With the increased use of inverter-based resources (IBRs), such 

as wind, solar photovoltaic (PV), and battery energy storage systems (BESS), grids are undergoing 

changes that are altering the balance between needs and services. This balance is crucial in managing 

changes that will ensure that grids will continue to be able to meet demands. As more and more 

synchronous machines (SMs) are replaced by IBRs, the services inherently provided by the remaining 

SMs are dwindling, thus requiring the IBRs to contribute where they can.  

As grids become increasingly dominated by IBRs, it is necessary to make them fit to work in the grid and 

also to make the grid capable of accommodating IBRs. This two-sided compatibility issue, illustrated in 

Figure 1 should be determined by what achieves the primary objective: the minimum cost and carbon 

emission possible, while maintaining or improving reliability. 

 

Figure 1 Two-sided compatibility to make IBRs fit to work in the grid and make the grid fit to 
accommodate IBRs. 
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In this article, the general discussion on emerging grid needs and services is complemented by real-

world examples of two transmission system operators (TSOs) from Texas and Great Britain. The scope of 

this article is limited to needs and services at a relatively short time scale (less than a minute), following 

a disturbance; the variability of wind and solar that occurs at longer time scales is intentionally excluded, 

as resource adequacy (energy and capacity) is not the focus here. It should also be noted that variable 

renewable energy sources (VREs), such as wind and solar PV, are generally IBRs; IBRs also include BESS, 

high voltage direct current (HVDC) transmission, and flexible AC transmission system devices. 

NEEDS AND SERVICES 
Needs and services can be viewed from both grid and IBR perspectives. For example, if the IBRs were to 

provide similar levels of fault current as SMs for legacy grid protection systems to work, they would 

need significant oversizing which is expensive. A lower-cost solution is to adjust the grid to operate at 

lower fault currents of IBRs (as well as other sources), but not to the point where costs become 

excessive. Also, the synchronization need is focused on tuning phase lock loops (PLLs) and other outer 

control loops in IBRs (a service provided by IBRs), in order to maintain synchronism down to a certain 

grid strength.  On the other hand, from an IBR perspective, there is a need for minimum grid strength (a 

service provided by the grid) to allow PLLs to synchronize. In short, the grid and IBRs both have needs 

and they may, in turn, also be a source capable of meeting the needs of the other. TSOs may choose to 

provide a minimum system strength (a grid service) at the point of interconnection (POI) of an IBR, to 

ensure stable voltage and frequency control, synchronization, and damping of sub-synchronous 

oscillations (services from the IBR to meet the grid needs). There is an ongoing discussion aimed at 

defining a suitable metric for system strength in an IBR-dominated grid, but a consensus is yet to 

emerge.  

The Global Power Systems Transformation Consortium (G-PST) identified six grid needs beyond energy 

and capacity to meet the primary objective.  These are: 1) synchronization, 2) frequency control, 3) 

voltage control, 4) damping, 5) protection, and 6) restoration. The six needs and the associated services 

to meet these needs are outlined in Figure 2 and elaborated later in this article. With increasing shares 

of IBRs and the commensurate reduction in SMs, IBRs are an obvious candidate to provide some of 

these services alongside the remaining SMs and other sources. IBR controls offer the option to provide 

services within the physical limits of the primary energy source and equipment limits. For instance, the 

control parameters of a grid-forming converter (GFM) can be adjusted to provide inertial response and 

damping, but the dynamic power availability from the VREs or BESS, with the lack of energy stored in the 

DC link, could be the limiting factor. Note that similar limitations related to equipment design and 

primary energy source availability also apply to SMs providing services today.  
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Figure 2: Six grid needs beyond energy and capacity and associated services to meet those needs as 
identified by G-PST 

There is a hierarchy with grid needs being met by services and they, in turn, are supported by other 

capabilities and/or services, and so on, right down to every single component in the grid. Multiple 

services combine to meet a grid need, while some are capable of meeting more than one need, thus 

overlapping and can be substitutional. For example, available primary resources in VREs (e.g., wind 

speed and solar irradiance) support the energy service and the frequency control service.  Furthermore, 

operational and control paradigms dictate the details of the services required to meet the grid needs.  

Hence the relationships between services and needs are multifaceted, complex, and are not suitable for 

a simple, clean and comprehensive taxonomy with a definitive set of services and linkages.  More 

examples of this are given later in the article.   

ROADMAP 

The characteristics and amount of needs and supply of services will evolve as grids progress to higher 

shares of IBRs. As this increase takes place, the maximum instantaneous percentage of load served by 

IBRs will also increase. The changes in needs and services become more pressing as this maximum 

instantaneous share approaches and reaches 100%.  In the following three subsections, the needs are 

explored according to the share and maximum instantaneous penetration of IBRs. 

1. Moderate Shares of IBRs  
As the share of IBRs increases, there comes a point where they will substantively impact grid operation 

for a significant fraction of operating hours, but there is still a sizable population of committed (running) 

SMs and there are no instances of 100 % instantaneous share of IBR.  Challenges at these moderate 

shares tend to be twofold.  First, IBR behavior may deteriorate grid performance during disturbances. 

Second, a variety of localized dynamic performance and stability concerns may emerge due to changes 
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in power flow patterns and decommissioning of SMs. These should now be managed by services from 

IBRs or elsewhere.      

Fault and Phase Jump Ride-Through 

The single most important service during disturbances is fault ride-through capability, a voltage control 

service. Even grids that have a relatively modest share of power delivered from IBRs can suffer serious 

consequences if they trip offline, even momentarily, in response to the abrupt changes in voltage 

magnitude and angle that accompany grid faults and other disturbances.   The issue has had significant 

visibility for more than 20 years and one might reasonably expect that by now inverter technology 

would have advanced to make the issue moot.  However, the past two decades have uncovered an ever-

widening array of disturbance ride-through challenges for inverters, highlighted in the recent 

disturbance event reports published by the North American Electric Reliability Corporation. For example, 

only recently has phase jump ride-through capability, a synchronization service, become recognized as a 

critical functional requirement during disturbances. As grids have evolved, often with IBRs being added 

in more remote locations and with reduced transmission redundancy, many have found that events 

rarely encountered before, such as sequences of many faults in rapid succession or faults of larger 

duration of up to one full second, must be tolerated. Manufacturers have a generally good, though 

imperfect track record of meeting these widening service requirements that are necessary for serving  

evolving grid needs. They are occasionally required to tolerate disturbances that are impossible for even 

SMs to ride through. For example, loaded SMs cannot tolerate deep faults of one second duration 

without losing synchronism.  On the other hand, recent examples of the failure of IBRs to ride-through 

for even relatively unexceptional disturbances have caused concerns in some grids. In short, the issue of 

fault ride-through is far from settled. 

Voltage Containment 

The displacement of SMs can create local voltage and stability problems. Voltage containment (a voltage 

control service)  is needed to make sure that voltages, particularly those at customer facilities, are kept 

within acceptable bounds during normal operation and shortly after disturbances. The character of 

voltage control and reactive power supply from IBRs can be substantially different from SMs, with the 

positive aspect of greater speed and flexibility of controls being countered by more strictly binding 

current and voltage limits of IBR hardware.  Customers and grid equipment must be protected from 

adverse effects of poor power quality that would lead to the need to mitigate unbalance and harmonics 

(a voltage control service) which, again, can be acute on a local basis. 

Local power flow and power evacuation, particularly from pockets or regions of high IBR generation in 

grids with an overall substantial number of SMs, will make it necessary to mitigate voltage collapse 

(again, a voltage control service). Changes in flow patterns accompanying higher levels of IBRs can drive 

risks of voltage collapse and so the behavior of the IBRs is critical in such circumstances.  The basics of 

voltage containment, closed-loop voltage control by rapid adjustment of reactive power injection, need 

to be augmented with controls specifically designed to not only keep the local voltage healthy, but to 

also avoid collapsing voltage farther out in the grid.  
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First Swing Mitigation and Synchronizing Torque 

Coordinated management of both active and reactive power is needed during and immediately 

following grid disturbances.  First swing mitigation and synchronizing torque (synchronization services) 

are closely related to the needs for export of power from pockets of IBR generation. The specific needs 

tend to be driven more by changes in power flow patterns than the behavior of IBRs.  Even though the 

first swing stability of grids exporting from IBRs is often superior to SMs, specific attention must be given 

to ensure that generators (either SMs or IBRs) remain connected to the grid for design basis (i.e. worst 

credible) disturbances. For example, active power controls that are sensitive to angular separation have 

been shown to improve first-swing synchronism in geographically long systems.  This stability concern is 

separate, but related to PLL Stability Support in that good fidelity observations are a requirement. 

 

PLL Stability Support 

With an increasing share of IBRs, first swing mitigation and synchronizing torque have become tightly 

coupled to PLL stability support, a synchronization service, in areas with low system strength.  All grid-

following inverters observe the magnitude and angle of the host grid voltage sinusoids at their AC 

terminals.  This observation is normally dependent on some type of phase-locked loop (PLL), which 

informs the phase angle of the injected current. Inverters inject the current of a magnitude and angle to 

achieve performance objectives based on that voltage observation.  Controls of IBRs tend to be 

hierarchical, with decisions about what current or active and reactive power needs to be made at higher 

levels.  Current injection by the IBR is the most basic, and also fastest, function. If the angle reported by 

the PLL to the current controller is incorrect, the injected current will not have the desired outcome.  

When the injection of current substantively impacts the angle, a mechanism for errors in the PLL 

measurement is then created.  This is one manifestation of so-called “weak grid” problems, as 

introduced earlier. Services that mitigate this problem can take two general forms. One class of service 

is “stiffening” the grid and making it less sensitive to the current injection, and is often considered 

synonymous with increasing the system strength.  The second class of service is modifications to the PLL 

and the current control that improves the fidelity and robustness of the voltage measurement.  The 

inverter industry has made substantial improvements on this front and state-of-the-art grid following 

inverters are robust for grids that are quite weak.  

Frequency Control 

As resources (mainly SMs) that have historically provided frequency control service are displaced by 

IBRs, economic options for this service tend to shrink. The control of IBRs can be adapted to accept the 

relatively rapid and finely resolved signals necessary to provide this service. Challenges relate more to 

making sure that the IBR energy resource has the room needed to move up or down in response to the 

signals.  IBRs, like wind and PV, have highly asymmetric opportunity costs when providing frequency 

control. That is, retaining the ability to increase power output for under-frequency control normally 

requires the generation to be curtailed in anticipation, with the accompanying and sometimes high lost 

opportunity costs that this entails. The ability to decrease output to provide over-frequency control is 

technically simpler and has reduced opportunity costs. Grids with increasing levels of inverter-based 

VREs may find significant savings in separating up and down frequency control as distinct services.  
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The above discussion points to a portfolio approach, in that the grid should be adequate not only in 

terms of classic capacity needs, but across the entire range of grid needs.  Previously with SMs, this was 

not much of an issue, as classic capacity adequacy via SMs usually came with the adequacy of nearly all 

other needs that SMs can provide.    

2. IBR-centric  
As operations move to an IBR-centric paradigm, the grid will operate at a 100% instantaneous share of 

IBRs on some occasions and because of this, the grid needs to change substantially. Many of the services 

that were traditionally provided by SMs may be scarce, as keeping SMs running to provide these services 

is likely to be economically and environmentally unattractive. Some of these services may become a 

primary responsibility of the IBRs or other technologies. In addition to the above-mentioned services 

that are impacted at moderate shares of IBRs, four frequency control services are affected as grids 

become IBR-centric, as discussed below.   

Frequency Containment  

The initial rate-of-change-of-frequency (RoCoF) following a generator (or importing HVDC link) loss 

increases with the size of the loss and is inversely proportional to the inertia inherently provided by all 

online SMs. With increased IBRs and a commensurate decrease in SMs, this inertia is then diminished.  

The objective of frequency containment (a frequency control service) is to arrest frequency decline 

before involuntary under-frequency load shedding occurs.  The time available to have an effect on this 

arrest declines with the also declining inertia. Other resources must provide frequency containment 

service or the resources providing the service must act faster. The intrinsic speed of response of 

inverters is high but the practical challenge with faster response is one of control and robustness.  In 

grids where the RoCoF following disturbance events exceeds a few Hz/sec, it can be difficult for 

frequency containment service controls to detect and decide to act fast enough to achieve the desired 

frequency containment in the time needed. Reliably differentiating between events that require very 

fast active power response and events that initially perturb the frequency but do not require a large 

rapid increase in output, such as line faults without loss-of-infeed, with only frequency measurements 

can be nearly impossible at high levels of RoCoF. Various control schemes that augment frequency 

change measurements can increase the speed of response for critical events without sacrificing 

robustness.  

Also, a new service might be required, aimed at limiting RoCoF (a frequency control service). The 

motivations to do so are broader than simply buying time to meet frequency containment objectives. In 

some grids, embedded protective relays, particularly those that detect subsystem islanding, depend on 

RoCoF measurements. Limiting this can avoid the undesired operation of these relays. For IBRs, limiting 

RoCoF effectively translates to providing the functional equivalent of synchronous inertia, for which 

some variation of on grid-forming IBR controls, such as virtual synchronous machine type control, is 

needed.   
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Frequency Stabilization and Recovery 

Frequency stabilization (a frequency control service also known as “primary frequency response”) 

overlaps with frequency containment and its objective is to achieve steady (zero RoCoF) operation after 

a disturbance normally at a frequency either below or above nominal.  Frequency stabilization is a 

decentralized service, in which individual resources automatically adjust their active power output in 

proportion to frequency error.  Such “frequency droop” behavior is historically provided by autonomous 

turbine-generator speed governors.  Providing the functional equivalent from IBRs is a relatively 

straightforward higher-level control function and most modern commercial IBRs have been capable of 

providing this service for some time now. The practical issues tend to be related to market, contract, or 

institutional process problems, rather than technical capability. The asymmetric opportunity cost 

mentioned above is also relevant here.   

 

Frequency recovery (a frequency control service) is normally centrally managed. Within each balancing 

area of the grid, the power setpoints – i.e., the dispatch orders – for individual plants are calculated 

centrally with the goal of restoring grid frequency to nominal value while respecting inter-area power 

exchange (i.e. tie-line flows), if any. The provision of this service is primarily to meet energy and capacity 

needs, and is a good example of a service that meets multiple needs and has little to do with the fact 

that the delivered power comes from an IBR.  

Phase-Jump Mitigation 

In addition to the phase jump ride-through capability and PLL stability support (synchronization services) 

described above for moderate shares of IBRs, IBRs may need to be equipped with phase jump 

mitigation, a capability that supports synchronization torque. This effort would be aimed at keeping the 

terminal voltage of the IBR unit and phase angle constant, immediately after a disturbance, thus 

resulting in current injection from the inverter that provides inherent resistance to the change in voltage 

magnitude and phase. 

Detect and Locate Faults 

The requirement to detect and locate faults is fundamental to grid protection needs. Many existing relay 

technologies depend on substantial changes in current magnitude (and sometimes phase) from normal 

to faulted state, as stated earlier. In general, IBRs deliver less and have a different fault current than 

SMs. With a high instantaneous share of IBR, this can result in the poor performance of existing fault 

detection functions of protective relays. One simplistic approach is to translate the need to detect and 

locate faults into a requirement that IBRs deliver enough fault current to allow existing protection 

schemes to work reliably. On the other hand, the introduction of protective schemes (operation 

methodologies) that can detect and locate faults in IBR-centric grids can also meet this requirement. 

Therefore, modification of fault behavior of IBRs and modification of fault detection and location 

methods are non-mutually exclusive options pointing towards two-sided compatibility. 

 

Oscillation Damping 

As individual IBR installations increase in power rating relative to the system strength at the point of 

interconnection, a variety of resonance problems can occur. Resonances are of particular concern below 
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the fundamental frequency. These resonances can be due to passive elements such as series capacitors, 

or active elements such as large converters, such as HVDC and give rise to a need to damp sub-

synchronous oscillations (e.g., SSO, a damping service). Provision of this service from IBRs can take 

several forms which, again, are not exclusive of one other. IBR controls can be tuned or modified to 

provide positive damping to SSO, though there is a difficult trade-off between slowing down the PLL and 

outer control loops to improve damping without also compromising the fault ride-through and dynamic 

voltage support capability, for example. The resonances can be detuned or damped, such as by reducing 

series compensation levels, adding damping filters, or changing the topologies of lines and substations. 

 

Similarly, resonances at frequencies greater than fundamental frequency can also be stimulated by IBRs.  

This leads to the need for a service to damp super-synchronous oscillations (a damping service).  As with 

sub-synchronous problems, this can be provided through control modifications and/or grid topology 

changes such as changing compensation levels, rearranging substations, and adding transmission. 

3. Toward 100% IBR 
 

Black Start and Restoration 

As the share of IBRs increases even further, there can be prolonged periods when the grid is operating 

with 100% IBR and the number of SMs providing any services for the systems is scarce or even zero. 

When systems suffer from widespread, complete collapse, due for example to catastrophic equipment 

failure or extreme weather, all generating resources are off-line and the grid voltage is zero – a so-called 

black grid. A completely black grid needs to be bootstrapped back into operation. This requires some 

resources that can provide black start (a restoration service). Black start tends to be one of the last 

services to become scarce with the growth of IBRs.  Even for an IBR-centric grid, the assumption is that 

while most SMs have retired, there are a few on standby for black start provision. However, ultimately, 

as IBRs become the only resources available, they must be able to provide this service. During black 

start, there is no voltage or grid to observe and so only IBRs that have the ability to create and maintain 

a satisfactory voltage without outside aid can provide this service. This includes black start capable GFM 

IBRs, in particular, GFM BESS.  While GFM BESS have demonstrated this capability and are commercially 

available, black start is not a default functionality and needs to be specified at procurement. Black start 

from IBR generation, like wind and PV, will need to be coupled with BESS or some form of energy buffer 

and is not yet commercially available today, though substantial research is presently focused on this 

issue. 

After a resource energizes a part of the blacked-out grid, restoration proceeds by reassembling the grid 

with a sequence of switch closures. When subsystems that serve loads are energized, there are 

requirements for cold load pick up (a restoration service). Today, IBRs are rarely included in the 

provision of the restoration service, but technically it is less challenging for IBRs to participate in 

restoration than providing the black start service. IBRs must have the ability to rapidly control their 

active power and have closed-loop frequency and voltage control. They must also communicate their 

state and ability to deliver power to the supervisory service that is performing grid restoration. 
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Island Operation 

Isolated grids are those that are consistently isolated or may result from the fragmentation of larger, 

interconnected grids that require island operation (a restoration service). This is related to, but not 

synonymous with cold-load pick up after a black start in that an energized grid may seamlessly transition 

to island operation without customer interruptions. Island operation assumes that the functionality for 

voltage and frequency control discussed above exists as a minimum. Island operation, though, may also 

include further refinements, such as isochronous frequency control. It is technically less challenging for 

IBRs to continue satisfactory operation both through and after such a transition. For example, an island 

grid with solar PV (an IBR) may operate satisfactorily as the sun rises and may shut down SMs as solar PV 

generation becomes sufficient to meet power needs. Island operation service will allow this transition 

without customer interruptions or the requirement that the grid be restored from a blackout. 

Summary/Roadmap 

As stated earlier, the overall needs and services evolution is sufficiently complex in that it defies overly 

simple prescriptions and underlines the lack of a definitive list of services. The preceding discussions 

shine light on the reality that the need and supply of services both follow a progression linked to the 

degree of displacement of SMs with IBRs. Table 1 summarizes the degree of change that occur with 

some selected services with this displacement. As the key at the bottom of the table indicates, the 

entries reflect whether there is an increase or decrease (vertical arrows), and whether the characteristic 

of the service changes (tilted arrows). The issues are nuanced and, consequently, the entries are simple 

and somewhat subjective. 
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Table 1: Degree of change of needs and services with degree of displacement of SMs with IBRs. 

RECENT INITIATIVES BY TRANSMISSION SYSTEM OPERATORS  

The changing needs that have been identified, and the services recently introduced by the Electricity 

Reliability Council of Texas (ERCOT) in the US and National Grid Electricity System Operator (NGESO) in 

Great Britain, are each summarized in this section. The somewhat different perspectives of ERCOT and 

NGESO, in contrast with what is described above, all underline the regional differences and lack of a 

simple, clean, and comprehensive taxonomy, with a definitive set of services and linkages. 

1. Electricity Reliability Council of Texas 

(ERCOT) 

Depending on system conditions, the Texas grid 

can have moderate shares of IBRs or 

experience needs closer to an IBR-centric 

system during the early mornings of spring and 

fall seasons; this is when wind generation is 

high, solar is ramping up, load is low, and a 

good amount of synchronous generation is on 

planned maintenance. So far, the highest 

instantaneous share of IBRs in ERCOT has been 

71%, putting ERCOT in the moderate to IBR-

centric stage, with a focus on voltage and 

frequency control services.  

 

Need for Voltage and Synchronization Services 

with Moderate Shares of IBRs 

The best potential for wind and solar resources 

is in the western part of the state, far from 

synchronous generation, and resulting in a 

 

PROVISION OF SERVICES FROM INVERTER-

BASED RESOURCES 

The needs of a grid with a high share of IBR can be 

met in a variety of different ways and by leveraging a 

variety of technologies, including IBRs. Evaluating 

which needs of the grid can be met by IBRs can be 

complicated, as at any given point in time there can 

be different generations of IBRs. Further, since IBRs 

connected to the grid today do not automatically 

offer capability unless explicitly required to do so, 

these may have unlocked potential that can be 

leveraged. 

Figure 3 illustrates the levels of service from IBRs that 

are utilized in grids around the world. Most do not 

utilize them to provide fast voltage and frequency 

response, and this underutilization of IBR capability 

may increase the burden of service from future IBRs.  

KeyArrow

Depleted/less needed/not from IBRs↓

Declining and different↘

Increasing and different↗

No change/different↔

Increasing/more needed/available from IBRs↑
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pressing need for voltage control services. 

Some of the fault ride-through issues discussed 

earlier have been encountered in the western 

part of ERCOT. At the individual IBR plant level, 

these issues have taken place due to 

insufficiently specific interconnection 

requirements for IBRs. The scale of the problem 

is exaggerated, though, by the overall weak grid 

conditions in West Texas that lead to the 

propagation of depressed voltage conditions 

during faults over large distances and affecting 

a large number of IBRs. To make IBRs fit the 

grid, ERCOT is currently in the process of 

tightening its interconnection requirements 

specifically related to phase jump ride-through 

capability and multiple fault ride-through 

capability.    

ERCOT recognizes that there may be a benefit 

of enhanced IBR controls being used to serve 

some of the voltage control and 

synchronization needs in weak grid areas. 

However, it takes time to develop and 

implement technical specifications and validate 

the performance of these services. Additionally, 

enhanced IBR controls will not be implemented 

unless these capabilities are mandated by 

interconnection requirements or incentivized 

through a remunerated market service. In the 

meantime, ERCOT is working on making the 

grid ready to accommodate more IBRs, as well 

by proposing six strategically sized and placed 

synchronous condensers in West Texas, to 

serve voltage control and synchronization 

needs. Additional benefits for supporting 

protection needs will be achieved through the 

provision of a high fault current from these 

synchronous condensers.  This may help to 

further extend operating stability margins, 

reduce existing constraints on IBR output in 

West Texas and, potentially, allow more time 

 

Figure 3: Levels of services from IBRs that are utilized 
in grids around the world and associated chronology, 
legacy, conventional, enhanced and future with an 
indicative trend from grid following (GFL) to grid 
forming (GFM). 

An example of such capability is the control of 

voltage and frequency at the terminals of individual 

IBR units rather than at the IBR plant (e.g., wind 

farm) level. Fast frequency control, along with 

voltage control at individual IBR units, can improve 

the dynamic response, as illustrated in this section.  

For a transmission connected power plant with SMs 

(now referred to as SM plants), each SM unit has an 

excitation system to control the terminal voltage and 

a governor to regulate the frequency, as shown in 

Figure 4. However, when comparing the services 

delivered by IBR plants against SM plants, this 

nuance of the control hierarchy is usually overlooked. 

 

Figure 4: A conventional SM plant with each SM unit 
equipped with excitation and governor control. 
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for the development and implementation of 

enhanced IBR control capabilities.  

Need for Frequency Services During IBR-

Centric Conditions 

Having observed the fast pace of IBR 

development in the early stages, ERCOT 

recognized the changing needs for frequency 

services and proceeded to implement several 

measures (including the implementation of 

inertia monitoring), determined the minimum 

level of inertia needed, developed a 

methodology to dynamically evaluate 

frequency containment reserve needs based on 

expected inertia conditions, implemented 

requirements for IBRs to provide frequency 

response, and implemented a fast frequency 

response service (a frequency containment 

service). As IBR-centric situations are 

encountered more frequently in operations, 

ERCOT’s frequency control-related services may 

continue to evolve; for example, it is possible 

that a remunerated inertial response service 

may be implemented in the future if the system 

is operating at a minimum inertia level more 

often.   

2. National Grid Electricity System 

Operator (NGESO)  

Great Britain’s system has reached a record of 

74% instantaneous share of IBRs, including 

HVDC interconnector imports. Falling inertia 

levels, increased size of design-basis loss, and 

high RoCoF levels are all driving current and 

future system frequency challenges. In 

addition, supply and demand are becoming 

increasingly variable, making system frequency 

more volatile and unpredictable.  

NGESO are tackling these challenges through a 

new suite of frequency control services that are 

To illustrate the effect, let us consider a hypothetical 

SM plant where each SM unit has an excitation 

system to control its reactive power output, but does 

not have a governor. Instead, like a conventional IBR 

plant, each SM unit is driven by a power plant 

controller (PPC) that controls voltage and frequency 

at the plant level by setting the active and reactive 

power commands for individual SM units, as shown 

in Figure 5.  

 

Figure 5: A hypothetical SM plant with PPC that 
controls the voltage and frequency at the plant level 
by setting the required active and reactive power 
commands for individual SM units. 

It is acknowledged that a SM plant would not use this 

hierarchy of control in practice, but since it is 

common for a conventional IBR plant, it is used here 

for the SM to illustrate the importance of such a 

control hierarchy in delivering grid services. The PPC 

for the hypothetical SM plant is parameterized 

similarly, as an IBR plant.  

The dynamic responses of the three plants 

(conventional SM plant, hypothetical SM plant with 

PPC, and conventional IBR plant with PPC) are 

compared in  Figure 6. The grid under study consists 

of each plant being connected to a network that 

consists of another SM and load.  The disturbance is 

the loss of the SM at 1 second. In this case, either of 

the three plants provides frequency and voltage 

control services, but only the conventional SM plant 

provides this service at and individual SM unit level. 

The other two suffer from an inherent sluggishness in 

the plant response due to both actuation and 

communication delays. Because of the constant 

admittance nature of the load, the under-voltage 

transient results in a reduction of load, which 

subsequently causes an over-frequency condition. It 
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replacing some existing ones:  Dynamic 

Containment (DC), Dynamic Moderation (DM), 

and Dynamic Regulation (DR) with service 

specifications summarized in Table 2, are all live 

on the system. NGESO’s DC, DM, and DR map 

to the frequency control services mentioned 

earlier, but not in a straightforward manner 

that highlights the regional difference and lack 

of a global taxonomy for services. Together, 

they work to control system frequency and 

keep it within the license obligations of 50 Hz, 

plus or minus 1%. DM provides fast-acting 

continuous delivery of active power for 

particularly volatile periods, DR is ESO’s staple 

and provides slower but continuous frequency 

service, and DC is a post-fault service. Given the 

fast response requirements, most of these 

services are provided by IBRs, especially BESS. 

In the Stability Pathfinder tenders, with an eye 

to the future as Great Britain’s grid becomes 

IBR-centric, NGESO expressed an increasing 

need for frequency control, voltage control, 

protection, synchronization, and damping. This 

need is expressed in terms of inertia and short 

circuit level, and procures a combined stability 

service from resources that can most 

effectively contribute with both. The stability 

services are and will be provided by 

synchronous condensers and BESS with GFM 

controls, which need to meet the NGESO’s grid 

code, grid forming technical requirements, and 

go through the compliance process to 

demonstrate the additional GFM capability. 

The current Stability Pathfinder tenders allow 

NGESO to test procurement approaches for 

long-term stability requirements.  It is also 

necessary, though, to develop a stability market 

that could provide NGESO a route to access 

stability services through an open, transparent, 

and competitive market. 

is to be noted that certain manufacturers and plant 

developers do offer faster delivery of services at the 

plant level. This is an exception rather than the norm, 

though, as without an explicit requirement for the 

delivery of such fast capability from the system 

operators, it remains underutilized.  

Now let us consider a new advanced IBR where 

voltage and frequency control is exercised at 

individual IBR units rather than at the plant level with 

or without a PPC. The dynamic response with such an 

advanced IBR plant is shown in Figure 6.  

 

Figure 6: Dynamic response of four plants following a 
loss of SM in the grid at 1 second. 

The similarity of responses between conventional SM 

and new advanced IBR plants illustrates the 

importance of a control hierarchy within a plant to 

deliver a required service. Though the intent here is 

not to define how a particular service is delivered by 

a plant, the impact of control hierarchy on dynamic 

response could help to define the specific 

requirements for the delivery of these services. 

IBRs, and particularly BESS, can provide fast 

frequency and voltage control at individual IBR unit 

levels. Additionally, such services can be robustly 

delivered in low system strength conditions; the 

successful operation of new ancillary service markets 

and rule changes in Australia and Great Britain are a 

testament to this possibility.  These two services, 

both conceptually and if provided by many IBRs, 

would benefit the operation of an IBR-centric grid. 
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Table 2: NGESO’s frequency control services specifications:  Dynamic Containment (DC), Dynamic 
Regulation (DR), and Dynamic Moderation (DM) 

NGESO are currently working on the Stability Market Design project. The project is considering eligibility 

rules, contract structure, and procurement approach for a range of stability markets across short, 

medium, and long-term timescales. The Stability Market will enable NGESO to more effectively signal a 

need for new resources with specific capabilities. More immediately, it will provide a route to the 

market to access assets capable of delivering stability services in the present, as well as those that could 

do so in the future, with incremental investment. 

SUMMARY AND RECOMMENDATIONS 
The needs of grids are changing commensurately, as the share of IBRs increase.  At the same time SMs,  

the traditional source of many services used to meet the needs of the grid, continues to decrease.  To 

maintain the primary objective of grids, in particular maintaining a supply-demand balance at a required 

level of reliability and at the lowest cost, it is important that changing grid needs are met by a changing 

set of services from both IBRs or other technologies.  The contrasting characteristics of IBRs in 

comparison to SMs, such as speed of response, lower fault current and, most importantly, their 

controllability, need to be leveraged, managed, and procured with the grid and other technologies to 

rebalance the needs and services of future grids. 
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