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Control Centre 
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Control Centres 

Transmission Generation 

NCC Tx 
Dublin 

CHCC Tx 
Belfast 

Scheduling Dispatch 

NCC 
Dublin 

CHCC 
Belfast 

Rotates every 4 days 



From SEM to I-SEM 
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SEM I-SEM 

Gate closure EA2 WD1 
> 10 hr notice 

Half-hourly 
1 hr before real-time 
08:40 11:54 18:10 ICRP updates 

Unit Prices Single curve 
Bidding Code of Practice ‘BCoP’ 

Dual curve - Inc/Dec 
Simple and complex data 
Partly ‘BCoP’d 

Start point for 
scheduling 

Market prices (fixed),  
Interconnector nominations 
Current dispatch 

Market Physical Notifications (PNs), 
Varying prices (from PNs), 
Interconnector schedules 
Current dispatch 

Cost optimisation 
objective 

Minimise production cost Minimise cost of deviating from 
PNs* 

Scheduling process Day Ahead, Inday 1, Inday 2 & Inday 
3, and ad hoc as required 

Continuous (100+) 
Economic dispatch (every 5 mins) 

Energy Balance 
 

Implicitly balanced Market participants are balance 
responsible 

Price Ex-post unconstrained price Real Time Imbalance Price 

*plus a number of additional objectives 
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Constraint/Curtailment Setpoints 
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Resource Dispatch 
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Load Forecast 
Wind Forecast 

Actual Demand 
RT Availability 
Actual Output 

Tx Outages 
Transmission Constraints 

Reserve Curves 
Interconnector Flow 

COD  
TOD 
Physical Notifications 

Station 
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Model 

Wind DIs 
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WSAT 
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Scheduling 

Scheduling 



Scheduling Run Sequence 
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Operational Security  
Limit Violations 

Priority Dispatch 
Curtailment In
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Avoiding: 

Objective: 

Mechanism: 

Constraint              
Violation Costs 

Negative Decremental 
Prices 
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Load 
Forecasting 

Model 

W
e

at
h

e
r 

D
at

a
 

H
is

to
ri

ca
l L

o
ad

 s
h

ap
e

s 

Sp
e

ci
al

 D
ay

s 

A
ct

u
al

 S
ys

te
m

 D
e

m
an

d
 

Load Shapes 

MMS 

Schedulers 
Load Predictor and 

Blending 



Actual Demand 
30min Long Term  
Forecast 

Load Prediction & Blending 

t (current time) t + 4 hours  

Schedulers Forecast 

Blending Period Long Term EMS Forecast 

t + 2 hours  

Load Shape 

1 min Interpolated 
Forecast 



Load shapes 
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Wind Forecast 

Schedulers 

Wind Forecast 
 
(every 6 hours) 

RT Wind 
Availability 
 
(every 5 min) 

MMS 

- Runs every minute, 
blending real-time 
availability to wind 
forecasts. 

 
- Capability to weight or 

average forecasts to 
produce a single 
forecast for use in 
scheduling 
 



Wind Forecast 

Wind Forecast Blending 

t (current time) t + 2 hours  
 

Schedulers Forecast Blending Period Long Term Forecast 

Actual Wind 
Availability (or if 

non existent then 
Actual Output) 



Actual Wind v’s Forecast Wind 
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1 26 51 76 101 126 151 176 201 226

Actual Wind Forecast Wind



The following Bid Offer Data is used in each run type for scheduling decisions: 

 

Commercial Offer Data (COD) 
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Scheduling/Dispatch Run 
Source of Commercial Data 

Primary Back-Up 1 Back-Up 2 

LTS – Long Term Schedule Complex Default N/A 

RTC – Real-Time Commitment Complex Default N/A 

RTD – Real-Time Dispatch Simple Complex Default 

SUC 

H 

No Load Costs 

SUC 

W 

SUC 

C 

Inc 1 Dec 1 

Inc 2 Dec 2 

Inc 10 Dec 10 

COMPLEX 

Inc 1 Dec 1 

Inc 2 Dec 2 

Inc 10 Dec 10 

SIMPLE 
 



Cost Curve 
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Production of Composite Cost Curves: 

Incremental Offer Curve 

Decremental Bid Curve 

Price 

Quantity PN 

Composite Curve 



Technical Offer Data (TOD) 
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As detailed in Appendix I of Trading and Settlement Code, largely unchanged from 
SEM including: 

– Block load 

– Load up rate 

– Soak up time  

– Minimum Stable Generation level 

– Ramp up rate 

– Dwell up time  

– Ramp down rate 

– Dwell down time 

– Maximum Availability 

– Minimum On Times, Minimum Off Time 

– Cooling Boundaries 

– Forecast Profiles (Availability, Minimum Output, Minimum Stable Generation) 

– Short-term Maximisation Capacity and Time 

– Synchronous Start up times for three different heat states 

– De-load rate 



Reserve 

19 

Reserve MW 

Unit Output MW 

Primary Operating Reserve (POR) Curve 

0 

R1 

R2 

GMX GMX-∆1 
∆1 

GMN 

β 

GMN+β 

GMN 140 

GMX 400 

R1 15 

R2 25 

β 60 

∆1 25 

Primary Operating Reserve (POR) – 5 to 15 Seconds 
Secondary Operating Reserve (SOR) – 15 to 90 Seconds 
 
Tertiary Operating Reserve 1 (TOR1) – 90 to 5 Minutes 
Tertiary Operating Reserve 2 (TOR2) – 5 to 20 Minutes 

Required to carry 
75% Largest Infeed 

Required to carry 
100% Largest Infeed 



Interconnector Reference Program 
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Ex-ante Market Interconnector Schedule 
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Trading Period 

Interconnector Reference Program 

Production of Interconnector Reference Programme: 



Example PN’s 
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PNs 
Availability 
Max / Min 

08:00 09:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00 

Unit A 400 / 200 400 400 400 400 400 400 400 400 400 400 400 400 400 400 

Unit B 400 / 200 300 350 400 400 400 400 400 400 400 400 400 400 300 200 

Unit C 400 / 200 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Unit D 300 / 100 100 200 250 250 300 250 200 200 200 250 300 300 250 200 

Unit E 300 / 100 100 200 200 200 200 200 200 200 200 250 300 200 100 100 

Unit F 100 / 20 0 0 0 0 0 0 0 0 0 100 100 50 0 0 

Unit G 100 / 20 0 0 0 0 0 0 0 0 0 0 50 0 0 0 

Unit H 50 / 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Total PN   900 1150 1250 1250 1300 1250 1200 1200 1200 1400 1550 1350 1050 900 

Demand   900 1150 1250 1250 1300 1250 1200 1200 1200 1400 1550 1350 1050 900 

Snapshot of PNs submitted for 08:00 to 21:00 

 

For illustration purposes this data is presented 

at hourly resolution. 



Example PN’s 
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System Security 
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Reserve Thermal Voltage Dynamic Stability Short Circuit 

(Frequency)         

          

All Island OR Requirement North-South Tie-Line Limit NI North West Generation Inertia Operational Switching 

          

NI/ROI Min OR 
Requirement 

Cork Generation Export 
Limit 

Dublin Generation RoCoF   

          

NI/ROI Replacement 
Reserve ("GTs") 

  South West Must Run SNSP   

          

NI/ROI Negative Ramping 
Reserve 

  400kV network Generation NI 3 Units Must Run   

          

Ramping (1hr 3hr 8hr)     ROI 5 Units Must Run   

          



LTS Example 
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PNs 
Availability 
Max / Min 

08:00 09:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00 

Unit A 400 / 200 400 400 400 400 400 400 400 400 400 400 400 400 400 400 

Unit B 400 / 200 300 350 400 400 400 400 400 400 400 400 400 400 300 200 

Unit C 400 / 200 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Unit D 300 / 100 100 200 250 250 300 250 200 200 200 250 300 300 250 200 

Unit E 300 / 100 100 200 200 200 200 200 200 200 200 250 300 200 100 100 

Unit F 100 / 20 0 0 0 0 0 0 0 0 0 100 100 50 0 0 

Unit G 100 / 20 0 0 0 0 0 0 0 0 0 0 50 0 0 0 

Unit H 50 / 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Total PN   900 1150 1250 1250 1300 1250 1200 1200 1200 1400 1550 1350 1050 900 

Demand   900 1150 1250 1250 1300 1250 1200 1200 1200 1400 1550 1350 1050 900 

Schedule 
Availability 
Max / Min 

08:00 09:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00 

Unit A 400 / 200 370 370 370 370 370 370 370 370 370 370 370 370 370 370 

Unit B 400 / 200 330 350 370 370 370 370 370 370 370 370 370 370 280 230 

Unit C 400 / 200 0 200 200 200 200 200 200 200 200 200 200 200 200 0 

Unit D 300 / 100 100 130 210 210 260 210 160 160 160 250 270 270 100 200 

Unit E 300 / 100 100 100 100 100 100 100 100 100 100 190 270 120 100 100 

Unit F 100 / 20 0 0 0 0 0 0 0 0 0 20 20 20 0 0 

Unit G 100 / 20 0 0 0 0 0 0 0 0 0 0 50 0 0 0 

Unit H 50 / 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Total Sch   900 1150 1250 1250 1300 1250 1200 1200 1200 1400 1550 1350 1050 900 

Demand   900 1150 1250 1250 1300 1250 1200 1200 1200 1400 1550 1350 1050 900 

LTS Run 



LTS Example Cont’d 
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Unit C Dispatched to 
meet demand 

1350MW of total PN’s 
Scheduled following LTS run 

200MW short 

Scheduled with PN Scheduled without PN 



Forecast Availability v Declared 
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Declared 
Max [MW] 

Forecast Avail 
Max [MW] 

Unit A 400 425 

Unit B 400 408 

Unit C 400 435 

Unit D 300 310 

Unit E 300 308 

Unit F 100 105 

Unit G 100 110 

Unit H 50 59 

2050 2160 

110MW Difference 

LT
S 

A
va

ila
b

ili
ty

 

time 

M
W

 

Scheduled with PN Scheduled without PN Real time scheduled 

In Real Time expensive 
short notice plant called 
to fill the gap. 

LTS uses forecast availability, when it comes to real time the declared availability can be much lower, this leaves 
the real time schedules short, causing expensive short notice plant to be called, affecting imbalance pricing.   
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Scheduling 

Dispatch 



Dispatch 
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Unit Current 
DI 

Min 
Gen 

Max 
Gen 

Actual 
Output 

PN Price 
€ MWh 

A 396 150 431 398 431 20 

B 335 130 390 332 380 25 

C 375 100 400 374 400 26 

D 60 20 120 60 100 30 

INC/DEC Merit Order 

Unit PN Min 
Gen 

Max 
Gen 

Cost 
€ MWh 

Notification 
Time [hr] 

E 0 10 55 80 0.17 

F 0 10 50 120 0.33 

G 0 20 90 125 0.33 

H 0 60 250 20,000 6 

OFFLINE Merit Order 

EDIL 

Control Room 

Gen Station 



Wind Dispatch 
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Active Power Control Status 
Transfers control of active power 
setpoint to TSO control centre 

Available MW 
Calculated value provided by the 
wind farm 

Wind MW 
Present wind farm output 

WF Setpoint 
Active MW setpoint wind farm 
controller 

Reason for Wind dispatch 
 

• Curtailment required for high wind output at low loads and minimum generation. 
 

• Constraint required if there is insufficient transmission capacity to transport wind generation from weakly  
       connected regions. 
 

Curtailment/Constraint setpoints are issued to windfarms via the wind dispatch tool in the EMS 
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Scheduling 

WSAT 



Power System Stability 
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Transient stability: the ability of the power system and individual generators to maintain 
synchronism after an operational disturbance. The system is within the stability limit when, after 
some given fault situations, it is able to return to an acceptable steady state situation. 

20 s 5 mins 

TSAT- transient period; 
automatic measures operate 

VSAT – quasi steady state; 
time period before manual 
actions 

http://en.wikipedia.org/wiki/File:Oscillation_amortie.svg


WSAT (Wind Security Assessment Tool) 
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• Developed by EirGrid and external company to monitor the stability of the Irish 
power system with increasing levels of wind generation. 

 

• Determines the voltage and transient stability of the system calculated for fault 
and no-fault conditions. 

             WSAT 

EMS 

List of  
preventative 
measures 

Control Room acts 

EDIL 

VSAT 

TSAT 

Runs every 5 minutes 



What affects Transient Stability? 
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MW Output Stability

Mvar Output Stability

Short Circuit 

Level
Stability

Generator 

Terminal Voltage
Stability

Network Short-Circuit Level 
• The higher the SCMVA, the more stable a machine 
• SCMVA related to how many machines in vicinity and  
      the state of the network how many outages 

Machine MW Output 
• Within an operational range the higher the MW, the  
      less stable a machine 

Machine  MVAr Output 
• Absorbing MVArs BAD, Producing MVArs GOOD 
• To do with strength of the field between stator and rotor 

Machine Terminal Voltage 
• Higher is better 

Number of Synchronised Machines 
• # of machines is better Synchronised  

Machines 
Stability 



WSAT Example (Loss of North – South Tie Line) 
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Import 420MW 

Import 500MW 

300MW N-S 

Largest Single Infeed 500MW 

POR Required 75% of 500MW = 375MW 

North – South flow = 300MW, (Limit 450MW – 20MW Offset) 

NI POR = 130MW 

𝑇𝑁−𝑆 + 𝑀𝑖𝑛 𝑃𝑂𝑅𝑁𝐼 , 𝐿𝑆𝐼𝐼𝐸 − 25% 𝑃𝑂𝑅𝐼𝐸

≤ 𝑆_𝑀𝑊𝑅_𝑁𝐼 

300+Min(130, 500 - 0.25*250) ≤ 430 

430 = S_MWR_NI = Max Flow 

ROI POR = 250MW 

N-S Net Flow (Scheduled flow + Reserve) 



WSAT Example (Loss of North – South Tie Line) 
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Time (sec) 

Fr
eq

u
en

cy
 (

H
z)

 

50.04 

48.85 
UFLS Trigger frequency 

For loss of Tie Line 
 
• System Separation 
• Low Frequency in ROI, UFLS 

triggered. 
• ROI system low inertia, only 5 

big generators ON. 
• Frequency slow to recover. 
• High Frequency in NI.  
• Interconnector runback 

activated and recovers NI 
frequency to within limits. 

 
Preventative Control Measures 
 
• Reduce the Tie Line flow by 

decreasing Generation in NI 
(reduce generation, reduce 
Moyle import or Constrain 
wind) 

• Increase reserve provision in 
ROI, re-dispatch out of merit 
generation. 

• Sync additional generation. 
 
 
 

 

NI System frequency 

ROI System frequency 
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