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SOUTH ISLAND OPTIONS

AUFLS Scheme Options Economic & Provision Review



Scheme

No

North Island Proven

test 

scenarios

Separation 

between 

blocks

Minimal 

over 

shedding

Improvement

over Status 

Quo

Scheme 

Evaluation

1 Existing scheme 2 x 16 %
V V U - V

2 2 x 16 % with df/dt
V V U U U

3 4 x 8 %
V V V marginal V

4 4 x 12 %
V V V V V

South Island Scheme Options Results

South Island Schemes



South Island AUFLS Scheme

ÅSouth Island AUFLS Summary

Å Larger band of AUFLS operation (48 ï45 Hz)

Å Discrimination between blocks in South Island

Å Issue of total quantity of AUFLS load 

Å No AUFLS provision at Tiwai GXP

Å Changes only to number of blocks of little benefit



South Island AUFLS Variables

ÅSouth Island AUFLS frequency band

Å Currently no incentive to change

Å Future generation proposals could require increase

Å Large amounts of wind

Å Gas turbines  

ÅAUFLS provision at Tiwai GXP

Å Size of response

ÅVariables have a major impact on scheme design



South Island Next Steps

Increasing 2nd block trip setting to 46 Hz 

Better utilisation of second block

Raises min frequency reached following AUFLS events

Discrimination between blocks still achieved 

Minimal cost to change

Significant improvement to AUFLS scheme

Impact on scheme design

Inclusion of provision at Tiwai GXP



NORTH ISLAND OPTIONS

AUFLS Scheme Options Economic & Provision Review



Scheme

No

North Island Proven

test scenarios

Separation 

between 

blocks

Minimal 

over 

shedding

Improvement

over Status 

Quo

Scheme 

Evaluation

1 Existing scheme 2 x 16 %
U U U - U

2 2 x 25 %
U U U U U

3 4 x 10 %
U U

better
V U

4 4 x 8 % with df/dt
V V V V V

5 4 x 10 % with CE target of 48.5 Hz
V V V V V

North Island Scheme Options Results

North Island Schemes



Proposed Scheme Variation Scheme

Existing scheme 2 x 16 %

4 x 8 % with 4 blocks df/dt 4 x 8 % with 2 blocks df/dt

4 x 8 % with 3 blocks df/dt

4 x 8 % with CE target of 48.5 Hz IL tripping at 49.5 Hz

4 x 10 % with CE target of 48.5 Hz IL tripping at 49.5 Hz

North Island Variation Scheme Options



df/dt SETTINGS

AUFLS Scheme Options Economic & Provision Review



Limitations on df/dt triggering

ÅMust discriminate from a CE event.

ÅMust not trip for false signals from faults. 

ÅAppropriate response to the size of the tripping



A typical CE Event Curve
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df/dt Criteria

ÅTo achieve effective discrimination Fast IL 

should be tripped by 400ms after the frequency 

reaches 49.2 Hz

ÅA frequency drop of 1.2 Hz is used to allow 

discrimination between close in faults and actual 

frequency faults.

ÅBack up frequency are use if df/dt does not 

trigger



1st Option: 2 blocks df/dt

Accelerated element Under frequency 

element 1

Under frequency 

element 2

Block 

Size

Df/dtset fguard Td3 fset1 Td1 fset2 Td2

Block 1 N/A N/A N/A 47.8Hz 0.3s N/A N/A 8%

Block 2 N/A N/A N/A 47.5Hz 0.3s 47.8Hz 15s 8%

Block 3 -0.8Hz/s 48.5Hz 0.4s 47.3Hz 0.3s 47.5Hz 15s 8%

Block 4 -1.5Hz/s 48.8Hz 0.4s 47.3Hz 0.3s 47.5Hz 15s 8%



2nd Option: 3 blocks df/dt

Accelerated element Under frequency 

element 1

Under frequency 

element 2

Block 

Size

Df/dtset fguard Td3 fset1 Td1 fset2 Td2

Block 1 N/A N/A N/A 47.8Hz 0.3s N/A N/A 8%

Block 2 -0.8Hz/s 48.5Hz 0.4s 47.5Hz 0.3s 47.8Hz 15s 8%

Block 3 -0.8Hz/s 48.5Hz 0.4s 47.3Hz 0.3s 47.5Hz 15s 8%

Block 4 -1.5Hz/s 48.8Hz 0.4s 47.3Hz 0.3s 47.5Hz 15s 8%



INSTANTANEOUS RESERVE 

PROCUREMENT 

AUFLS Scheme Options Economic & Provision Review

QUANTIFYING CHANGES IN RESERVE 

REQUIREMENTS ASSOCIATED WITH PROPOSED 

AUFLS STUDY SCHEMES



Introduction - Reserve Management Tool



Introduction - Reserve Management Tool



How is Net Free Reserve Calculated?

In the 1st iteration, after tripping the identified risk, RMT simulate a Fast Instantaneous

Reserve (FIR) equivalent to the risk, and checks the post event frequency response of the

system. Here we see, on a 1 to 1 ratio, the system frequency for this risk is much higer than

the frequency target of 48 Hz.



How is Net Free Reserve Calculated?

In the 2nd iteration, RMT simulate a Fast Instantaneous Reserve that is much smaller to the

risk, here we see, this meant that the post event frequency response is much lower than the

target



How is Net Free Reserve Calculated?



How is Net Free Reserve Calculated?

Net Free Reserve = Risk ïFast Instantaneous Reserve (FIR)

After multiple iterations, RMT will eventually settle on a Fast Instantaneous Reserve value that

meets the post event frequency target.

In simple terms, The difference between the Fast Instantaneous Reserve and the identified

Risk is the calculated NFR. The more Net Free Reserve you have on the system, less the

Fast Instantaneous Reserve is required.



FIRCE = Risk - NFR FIRECE = Risk - (NFR + AUFLS)

Contingent & Extended Contingent Event 

Net Free Reserves 



North Island Study Cases



North Island AUFLS Schemes



North Island AUFLS Results 



BENEFIT ANALYSIS
RESERVE PROCUREMENT:

AUFLS Scheme Options Economic & Provision Review

TOTAL MARKET COST



Market Analysis

ÅChanges to AUFLS scheme will affect the 

market

ïChange in reserve volume required

ïChange in reserve price

ï(potentially) change in energy price

ÅObjective was to model total market cost, i.e., 

energy and reserves



Actual Market Solvers

SPD
RMT

(reserve 

management 

tool)

Bids & Offers

Network

Generator and Load

Details

Dispatch 

NFR and Ramp-up

2-node model

dynamic

full generator detail



Simulation Market Solvers

vSPD
RMT

Bids & Offers

Network

Generator and Load

Details

NFR and Ramp-up

Å30 cases per scheme

Åvarying:

Åload

ÅHVDC flow, 

Ålargest generator

+ NFR and ramp up 

as functions of load, 

HVDC and largest 

generator

offline



NFR Functions

NFR as piecewise multi-linear 

function of island load and 

HVDC received

Å Use individual cases to interpolate

NFR as a function of island load, 

HVDC (and largest generator, NI 

only)

Å Multi-linear ſ linear along a line 

parallel to the axes

Å Well-behaved

Å Has to be linear to fit within SPD 

mixed-integer linear program 

formulation



What happens?
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Reserve Cost 

 

c) Larger increase in total 
cost via change in 
price 

b) Largest increase in 
total cost via coupling 
to energy market and 
change in energy price 

a) Small increase in reserve 
cost via change in 
reserve requirement 

Å Change in NFR Ÿ change in reserve 

requirement

Å Usually only few $/trading period in 

total cost, but sometimes several 

thousand

Å Real characteristic of the market ï

not an artifact of the model



Typical Result Set

Scheme 06 ſ Option C 

Scheme 07 ſ Option D

Scheme 09 ſ Option A

Scheme 10 ſ Option B



Total Market Analysis Conclusions

ÅMostly ACCE binding under normal circumstances

ÅAverages dominated by a few large values Ÿ caution

ÅNew schemes:

ïIncreasing the CE target to 48.5Hz (options C&D)would be 

expensive - $200/TP or $3M p.a.

ïIncreasing IL target, moving to 4x8% or 4x10% small positive 

effect for C&D but does not outweigh CE penalty

ïdf/dt (A&B) neutral



BENEFIT ANALYSIS
EVALUATION FRAMEWORK
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Evaluation framework
Å Benefits of all schemes evaluated relative to the current scheme 

(Scheme 1)

Å Three main cost-benefit elements:

ïImplementation costs

ÅCosts of installing new AUFLS relays and changing IL settings

ÅSO & EA admin costs

Scheme type Schemes Cost ($m)
Fixed f & t (both 4 x 8% or 4 x 10%) 3, 4, 6, and 7 3
Df/dt 9 and 10 6

ïAltered IR procurement costs

ïAltered un-served energy



BENEFIT ANALYSIS
ALTERED RESERVE PROCUREMENT
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Altered IR procurement: Evaluation approach

Benefit / (cost) 

of AUFLS 

scheme

Altered IR 

required
Cost of IRx=

Fixed ócarryingô 

costs of plant 

capacity

Variable costs 

of plant 

operating in 

reserve mode



Cases where Extended Contingent Event binding 

(only times when AUFLS Ą IR)

Scheme D has increase in AUFLS load

Contingent Event binding  

Schemes where CE PPO limit ŷ 48.5 Hz Ÿ increase FIR 

Cases where FIR > SIR (high DC monopole) Ÿ overall increase in IR

Altered IR requirements




