
Copyright General Electric International, Inc.

8:15 – 8:45 Common Definitions, What’s What, Matt Richwine

8:45 – 9:15 Island Grid Perspective, Matt Richwine

9:15 – 10:00 Large System Perspective, Nick Miller

10:00 – 10:30 Coffee Break
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Grid Services are Evolving Across the Industry

01 October 2018

“Grid Services” also known as Ancillary 

Services or Essential Reliability Services

General trend away from “ancillary” …  

now a primary rationale for system 

operator decisions (commitment and 

dispatch of generators), 

Especially relevant for high vRE and low 

inertia power systems

Other grid services, not evaluated in this analysis:

▪ Short Circuit Strength and/or Voltage Support

▪ Synchronous Inertia

▪ Primary Frequency Response

▪ Ramping Reserves

▪ Black Start Capability
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Options with managing low inertia power systems
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• Sync. Inertia

• FFR

Current practice in many regions is to determine a minimum synchronous 

inertia level that meets a pre-determined level of reliability

recommit the system when SCED falls below expected level of system 

stability.

“Reliability must runs” used to secure system operations similar to other 

transmission constraints

Disclaimer: this section will cover global procurement mechanisms of synchronous inertia and FFR as examples of 

different strategies available, but will not cover specific market rules in each region. 
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Minimum Synchronous Inertia Rules
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Source: ERCOT, “Inertia, Basic Concepts and Impacts on the ERCOT Grid,” 2018

Benefits of minimum synchronous inertia:

1. Easy to implement today – no new 
technology or markets required,

2. Effective at limiting RoCoF

3. Required only sparingly in most 
regions, most of the time, under 
current renewable penetrations

4. Co-benefits of other ancillary services 
also provided (short-circuit strength, 
primary frequency response, etc.)

… however, a blunt instrument to managing 
operations in low inertia power systems and 
should be viewed as a temporary mitigation
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Minimum Synchronous Inertia Rules (continued)
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Source: ERCOT, “Inertia, Basic Concepts and Impacts on the ERCOT Grid,” 2018

Limitations of minimum synchronous inertia 
rules:

1. Expensive, requires fuel burn for rare 
events.. Increasing costs with increasing 
frequency at high RE penetration

2. May lack transparency of which 
generators were selected and when 
(control room decision)

3. Potential for market power & gaming

4. May suppress market signals for other 
ancillary services

5. Locational intricacies may not cover all 
contingency events
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AEMO Example on Minimum Synchronous Inertia
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AEMO has determined minimum 

synchronous inertia levels by region and 

will recommit if necessary, payment 

based on top percentile of annual LMPs

Source: AEMO, Inertia Requirements & Methodology, July 2018
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Options with managing low inertia power systems (continued)
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• Sync. Inertia

• FFR

utilize large industrial loads that can participate in 

direct load response and special protection schemes… 

compensation based on a fixed payment (without 

market), lower rates, grid code requirement,

…or because lack of participation would mean even 

worse load shedding
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The Icelandic Example
Engage the loads and location matters
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Source: D. Wilson, et al, “Icelandic Operational Experience of 

Synchrophasor-based Fast Frequency Response and Islanding 

Defence,” CIGRE Session 2018. 

Generation side: geothermal fast-valving 

response (1-3sec) followed by hydro 

resources (2-20sec)

Load side: Two smelters  step up or down, 

+industrial load trip (separate from UFLS)



Copyright General Electric International, Inc.

Options with managing low inertia power systems (continued)
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• Sync. Inertia

• FFR

1. Replace synchronous inertia?
• Arrest frequency decline (slow RoCoF) after a contingency event

• Avoid UFLS

• Buy time for slower responding resources, PFR from governor response, 

non-frequency responsive loads, etc.

• t = cycles to seconds

2. Replace conventional spinning reserves?
• Stabilize and restore system frequency after a contingency event

• Turn off synchronous generators to accommodate additional renewables

• t = seconds to minutes

3. Both?

What is 

the role of 

Fast 

Frequency 

Response 

(FFR)?
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Where are sync. inertia or FFR markets operated today?
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AEMO TransPower

HECO

ERCOT

EirGrid

National Grid

HQ

ENTSO-E
Landsvirkjun
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Review of Emerging Global FFR Programs

NEW ZEALAND UK IRELAND TEXAS HAWAII AUSTRALIA CALIFORNIA

Grid Operator Transpower National Grid EIRGRID ERCOT HECO AEMO CAISO

Reserve Product Name
Fast  Instantaneous  

Reserve
Enhanced Frequency 

Response
DS3 Fast Frequency 

Response
FAS Fast Frequency 

Response
Fast Frequency 

Response
Fast FCAS

Frequency Response 
Phase 2

Status Operating Operating Operating
Operating (RRS) 
Proposal (FFR)

Pilot Proposal Proposal

Market Size ~400 MW 200 MW 100 MW (TBD) 1,400 MW (RRS) TBD TBD TBD

Trigger 49.2 Hz 49.9/50.1 Hz 49.8 Hz
FFR1: 59.8 Hz,            
FFR2: 59.7 Hz

59.7/60.1 Hz + 
RoCoF

TBD TBD

Response Time
50 cycles 

(for DR only)
50 cycles 100 cycles 30 cycles

FFR1: 12 cycles,                 
FFR2: 30 cycles

25 - 50 cycles 60 cycles

Response Duration 60 seconds 15 minutes 10 seconds
FFR1: 10 minutes,                           
FFR2: up to 90min

30 minutes TBD TBD

Prices
$19M NZD,                             

~$6 NZD/MWh
12 £/MW of EFR/ h 3.09 €/MWh N/A N/A N/A N/A

Synchronous Inertia Req N N Y Y N Y N

Primary Frequency 
Response Req

Y Y Y Y N Y Y

https://www.transpower.co.nz/system-operator/electricity-market/instantaneous-reserve
http://www2.nationalgrid.com/uk/
http://www.eirgridgroup.com/
http://www.ercot.com/
https://www.aemo.com.au/
http://www.caiso.com/Pages/default.aspx
https://www.transpower.co.nz/system-operator/electricity-market/instantaneous-reserve
http://www2.nationalgrid.com/Enhanced-Frequency-Response.aspx
http://www.eirgridgroup.com/how-the-grid-works/ds3-programme/
http://www.ercot.com/committee/fast
https://www.caiso.com/informed/Pages/StakeholderProcesses/FrequencyResponsePhase2.aspx
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EirGrid’s DS3 System Services Products

14 “System Service” Products, and evolving market structure for high renewable penetration & low inertia operations
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EirGrid’s DS3 System Services Products (continued)
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A layered approach of response time and duration of response
• Allows resources to provide services they are technically capable of providing

• Does not preclude resources to provide valuable system services with strict duration requirements

for example: SIR and FFR are designed to buy-time for longer duration resources to respond.

• Resources that can provide both speed and duration are able to provide multiple services

• Scalars used to provide pay-for-performance

• Limits “drawing lines in the sand”

Source: EirGrid
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Take everything you can get! Avoid hard thresholds
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“ideal” response

There may be fast resources that can only sustain a 

response for a short duration (seconds), that still provide 

significant value to the system,

Energy that can help “catch” the system at high RoCoF 

should be valued, even if the duration is limited,

Speed and duration of response are two separate 

characteristics and one does not need to preclude the 

other,

A layered set of services, and scalars, that assigns value to 

anything that can provide some support is preferred. 

Source: GE Energy Consulting, Technology Capabilities for Fast Frequency Response, Prepared for AEMO, 2017

Source: GE Grid Solutions, 

Discussion Paper on Frequency 

Response Market, Prepared for 

National Grid, 2016
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National Grid’s UK Enhanced Frequency Response Market

1501 October 2018GE Energy Consulting     |

First auction completed in August 2016

• all results are public, including individual bid 
quantity & price

• 4-year contracts

• 5,122 MW of EFR bid into auction, 
201 MW cleared (limit 50 MW per bidder)

• only 10 MW of DR, (0 MW DR)

Must provide under-frequency and over-frequency 
response for same duration

Prefer 24/7 service, but 95% requirement for 
availability

Originally proposed to be a 9sec duration product, 
with a two products (Primary and Secondary), but 
merged into a single product

Source: National Grid, “Enhanced Frequency Response Market Information Report,” 2016
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Location Matters
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In larger grids ideal response is not just a function of speed and duration of response, but also location…

… dependent on inertia levels across the system and location of contingency

Source: GE Grid Solutions, Discussion Paper on Frequency Response Market, Prepared for National Grid, 2016
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Transpower’s NZ Fast Instantaneous Reserves
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• Fast Instantaneous Reserves relies almost exclusively on demand response, ~400 MW

• Annual closed tender process with generators, distributors, large load providers and demand aggregators

• Reserve Management Tool dynamically sets the amount of contingency and FIR reserves needed

• Transparent – system data is updated every 30min on requirement, provision and bids

UK vs. NZ Examples frame a broader discussion on energy storage vs. demand response options

Total Cost – 17M$/year

Source: Electricity Authority of New Zealand, Electric Market Information, https://www.emi.ea.govt.nz/

https://www.emi.ea.govt.nz/
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