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Executive Summary
On 6 Jan 2015, the load forecasts for a few consecutive dispatch periods received by
EMC’s Market Clearing Engine (MCE) from the PSO’s Energy Management System
(EMS) were 0MW. Upon investigation, it was found that the load forecasts of 0MW were
produced as a consequence of the commissioning of the EMS and have arisen only once
since market start. As the load forecasts of 0MW were used in producing forecast
schedules, namely the Short Term Schedules (STSs) and Pre Dispatch Schedule (PDS),
the PSO was promptly notified to rectify the load forecasts with minimal impact to the
system and the market.
However, if similar erroneous and extreme load forecasts were to be received by the
MCE from the EMS for use in producing Real Time Schedules (RTSs), the MCE will
schedule excessive or insufficient generation and the PSO may need to significantly redispatch generators, posing system security and reliability concerns.
To address such concerns, the paper explored the following types of lower and upper
limits to be provided by the PSO and imposed by the EMC in conducting the proposed
validation check on load forecasts:
•

Option 1: Fixed Limits for Each Period

•

Option 2: Common Fixed Limits for All Periods

•

Option 3: Variable Limits for Each Period

Based on the analysis, EMC recommends Option 3, which alleviates the erroneous and
extreme load forecast issue without introducing significant costs and risks, as well as
balances the risks of Type I and Type II errors.
At the 100th RCP meeting, the RCP unanimously supported the proposed solution that
adopts Option 3 as described in section 3.2 of this paper, requested that the PSO provide
the methodology for determining the fixed maximum difference under Option 3 and
tasked EMC to draft the relevant rule modifications.
At the 103rd RCP meeting, the RCP unanimously supported the proposed rule
modifications set out in Annex 1 and recommended that the EMC Board adopt the
proposed rule modifications.
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1.

Introduction

Currently, the PSO’s Energy Management System (EMS) produces load forecasts for
EMC’s Market Clearing Engine (MCE) to produce schedules.
If erroneous and extreme load forecasts were to be received by the MCE from the EMS for
use in producing Real Time Schedules (RTSs), the MCE will schedule excessive or
insufficient generation and the PSO may need to significantly re-dispatch generators,
posing system security and reliability concerns.
This paper assesses the proposal for EMC to conduct a validation check on load forecasts.

2.

Background

2.1

Load Forecasts from the PSO

In accordance with the System Operation Manual (SOM), the PSO uses software modules
of the Energy Management System (EMS) to prepare the following load forecast files:
•

Very Short Term Load Forecast (VSTLF) - On a half-hourly basis, a forecast of the
average system load for each half-hourly period for the next 7 hours (i.e. 7 hours x
2 periods = 14 load forecasts).

•

Short Term Load Forecast (STLF) - On a daily basis, a forecast of the average
system load for each half-hourly period for the next 14 days (i.e. 14 days x 48
periods = 672 load forecasts).

The load forecasts in the VSTLF and STLF files forecast the total gross generation required
from generation registered facilities to meet system load, which includes transmission
losses and the station/auxiliary load consumed by the generators themselves for each
dispatch period. One of the inputs to the software modules of the EMS is the historical halfhourly actual system load, which is a summation of the average output measured at all
centrally dispatched generation registered facilities’ terminals over a half-hourly period.
2.2

Schedules Published by EMC

EMC produces the following schedules in accordance with the Market Rules:
Table 1: Schedules Published by EMC
Real Time
Schedule (RTS)

Short Term
Schedule (STS)

Also Known as

Dispatch Run (DPR)

Look Ahead Run
(LAR)

Day Ahead Run
(DAR)

Week Ahead Run
(WAR)

Frequency of
Publication

Every Period

Every Period

Every 2 Hours

Every Day

Computation
Begins at

T-5 Mins

T-4 Mins

2 Hours before
Publication Time

2am of each day

Type of Schedule
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Pre-Dispatch
Schedule (PDS)

Market Outlook
Scenario (MOS)
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Type of Schedule

Real Time
Schedule (RTS)

Short Term
Schedule (STS)

Pre-Dispatch
Schedule (PDS)

Market Outlook
Scenario (MOS)

Published at

T-30 seconds

T+5 Mins

15 Mins before
each 2-hour
block, starting
from 0000hrs

9am of each day

Coverage

Upcoming Period T

Upcoming
Periods from T+1
to T+12

Covers at least
24 periods and
not more than 72
periods

All Periods from
the start of the
next day for 6
consecutive days.

Note: Excludes
upcoming Period
T (already
covered under
RTS)
Source of Load
Forecast(s)1

VSTLF

VSTLF

VSTLF and STLF

VSTLF and STLF

Comments

Binding dispatch
schedule

Forecast
schedule

Forecast
schedule

Forecast schedule

EMC will transform the relevant load forecast file(s) from the PSO into a nodal load forecast
for each dispatch period, which is then used as an input in the MCE to produce the relevant
schedule. Figure 1 below illustrates this process for the RTS.
Figure 2: Processing VSTLF file to produce RTS for Period T

Step 1: PSO provides VSTLF file for Period T, containing load forecasts for Periods T and the next
13 dispatch periods, at 11Mins before Period T.

Step 2: EMC calculates average of load forecasts for Periods T and (T+1) in VSTLF file. This
result is the End of Period (EOP) load forecast used for Period T.

Step 3: EMC multiplies result by 0.994 to adjust for transmission losses.

Step 4: Resulting non-dispatchable load forecast allocated to individual nodes using Load
Participation Factors (LPFs).

Step 5: Nodal load forecast used in MCE to generate RTS.

1

The latest VSTLF file for each dispatch period in the schedule will be used. Where a VSTLF does not exist, the latest STLF
will then be used.
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Note:
In Step 2, the average of the two figures is the expected gross generation that is required
at the end of Period T.2
In Step 4, the LPFs are node-specific and reflect the share of total load occurring at
particular nodes for respective periods.
As the VSTLF covers 14 dispatch periods, it is also used to generate the STS.
2.3

Load Forecasts of 0MW on 6 Jan 2015

The proposal arose from an incident on 6 Jan 2015 where the MCE could not produce a
few forecast schedules, namely 3 STSs and 1 PDS3, due to the EOP load forecasts for
Periods 28 to 30 being 0MW arising from the load forecasts for at least two consecutive
dispatch periods in the VSTLF or STLF files received from the EMS of the PSO being
0MW4. The situation was normalised in the RTS after the PSO rectified the load forecasts
in a timely manner.
Following this incident, EMC discovered from the EMS MCE Interface Specification that the
MCE ought to be able to produce the schedules despite the 0MW EOP load forecasts as
load forecasts in the VSTLF or STLF files received from the EMS of the PSO were intended
to take on any non-negative numeric value, ranging from 0MW to 99,999MW inclusive, as
defined in the Interface Specification. EMC then rolled out a change to the MCE to enable
the MCE to process 0MW EOP load forecasts from 12 Feb 2015.

3.

Analysis

3.1

Problem Definition

Frequency of 0MW Load Forecasts
Upon investigation, the EOP load forecast of 0MW has only occurred once in forecast
schedules since market start, and its frequency of occurrence is expected to be very low.
The 6 Jan 2015 incident was thus an isolated incident, caused by the commissioning of the
new EMS by the PSO.
Moreover, the PSO has since adjusted the EMS to no longer produce 0MW load forecasts
in the VSTLF and STLF files.
However, since the MCE would still process any non-negative load forecasts, ranging from
0MW to 99,999MW inclusive, there are concerns that erroneous and extreme load

2

The VSTLF forecasts the average gross generation required over a half-hour dispatch period. The RTS determines the
generation required at the end of a dispatch period (at a discrete point in time). The process of averaging the VSTLFs of two
consecutive periods is necessary to turn forecasts of average gross generation in the two dispatch periods into an estimate
of the gross generation at the end of the first dispatch period.
3
Specifically, the affected forecast schedules are the 3 STSs with Periods 17 to 19 as the first periods in the short term
horizons and the PDS with Period 21 as the first period in the pre-dispatch horizon.
4
Recall from Step 2 in Figure 1 that the EOP load forecast used for Period T is the average of load forecasts for dispatch
periods T and (T+1) in VSTLF. Therefore, a 0MW EOP load forecast for Period T requires the load forecasts for both dispatch
periods T and (T+1) in VSTLF to be 0MW as well. For the 6 Jan 2015 incident, 0MW EOP load forecasts for Periods 28 to
30 were used to produce the affected STSs and PDS. They were due to the load forecasts for Periods 28 to 31 in the
applicable VSTLF and STLF files being 0MW.
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forecasts in the VSTLF and STLF files could adversely impact system security and
reliability.
Impact of Erroneous and Extreme Load Forecast
If extreme and erroneous load forecasts, which can be anything from 0MW to 99,999MW
as currently allowed, were to be used to produce forecast schedules, the PSO could be
notified to rectify the VSTLF file in time for the RTS with minimal impact to the system and
the market, as per the 6 Jan 2015 incident.
The problem arises when extreme and erroneous load forecasts in VSTLF files are used
to produce RTSs. The MCE will schedule excessive or insufficient generation and the PSO
may need to significantly re-dispatch generators, posing system security and reliability
concerns.
In this case, the PSO may issue dispatch instructions to the generators to override the
dispatch schedule under the following conditions as provided by the Market Rules and the
SOM:
•

the PSO considers that dispatch instructions as per the dispatch schedule could
result in the PSO controlled system entering high-risk or emergency operating
states, as per the Market Rules Chapter 5 Section 9.1.3; or

•

the PSO considers that the actual system load deviates significantly from the
forecast, as per the SOM Chapter 9 Section 9.3.

3.2

Proposed Solution

The proposal is as follows:
•

At a suitable frequency e.g. annually, the PSO shall provide EMC with the limits for
the proposed validation check on load forecasts in the VSTLF and STLF files
produced by the PSO. A load forecast for any dispatch period is deemed invalid if
it fails the validation check.

•

EMC shall impose the proposed validation check at the data file processing stage.
If any load forecast for a dispatch period in the VSTLF or STLF file is deemed
invalid, EMC shall replace this invalid load forecast with the latest 5 valid load
forecast for the same dispatch period.

3.2.1

Latest Valid Load Forecast as Replacement Value

Currently, in producing the schedules, the latest load forecasts for relevant dispatch periods
at the time when the computation of the relevant schedules begins6 will always be used to
determine the EOP load forecasts for each dispatch period in the relevant schedules.
Therefore, this proposal suggests replacing the invalid load forecast with the latest valid
load forecast to adhere to the current practice and ensure that the latest valid load forecast,
instead of the extreme and erroneous load forecast, will be used to compute the EOP load
forecasts to produce schedules. For the RTS in particular, this solution reduces the
5

Recall from Footnote 1 that the load forecast for each dispatch period in a schedule will be sourced from the latest VSTLF
file. Where a VSTLF does not exist, the latest STLF will then be used.
6
See timeline when computation begins for the relevant schedules in Table 1.
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magnitude to which the PSO needs to re-dispatch generators in real time, alleviating
system security and reliability concerns.
As per current practice, where a RTS or STS is produced not using load forecasts from a
VSTLF or STLF file that should have been used7, the MCE logs a warning message and
flags the run as “conditional”. For “conditional” RTS runs 8 , the EMC will subsequently
conduct Type 2 price revisions by rerunning the MCE using the corrected load forecasts
received from the PSO. The PSO will henceforth be notified in a timely manner to provide
the corrected load forecasts for the MCE reruns (where the limits would no longer be
imposed on the load forecasts) and rectify the invalid load forecasts for use in subsequent
runs.
Figure 2 overleaf illustrates the process of EMC transforming the latest valid load forecast
from the PSO into a nodal load forecast to generate a RTS for Period T, under the scenario
where the latest load forecast from the PSO was rendered invalid by failing the validation
check.
Figure 2: Processing VSTLF file to produce RTS for Period T with Proposed Validation Check
Step 1: PSO provides VSTLF file for Period T, containing load forecasts for Periods T to (T+13),
at 11Mins before Period T.

Step 1a: During data file processing, EMC deems latest load forecast for Period T invalid because it
fails the proposed validation check.
Load forecast for Period T in VSTLF file for Period (T-1), containing load forecasts for Periods (T-1)
to (T+12), provided by PSO at 11 Mins before Period (T-1), becomes the "latest valid load forecast”.

Step 2: EMC calculates average of latest load forecasts for dispatch Periods T and (T+1). This
result is the End of Period (EOP) load forecast used for Period T.

Steps 3 to 5: The same as in Figure 1.

Note:
In Step 1a, it is assumed that the load forecast for Period T in VSTLF file for Periods (T-1)
to (T+12) passed the validation check.
After Step 5, as the VSTLF file, from which load forecast for Periods T was used to produce
the RTS, has been received before the dispatch period during which the schedule was
computed9, the MCE will log a warning message and flag the run as “conditional”. EMC will

7

The RTS or STS is produced not using load forecasts from a VSTLF or STLF file that should have been used, when the
VSTLF or STLF file used has been received before the dispatch period during which the schedule was computed. This
occurs when the RTS for Period T, which is computed in Period T-1, uses the VSTLF file received in Period T-2 or earlier.
8
For “conditional” forecast runs however, no MCE reruns will be conducted by the EMC and hence, the PSO may not be
notified to rectify the invalid load forecasts.
9
The VSTLF file for Periods (T-1) to (T+12) was received at 11 Mins before Period (T-1) and the computation of RTS for
Period T begins at 5 Mins before Period T.
EMC/BD/07/2018/05b
EMC/RCP/103/2018/354
7

then issue a price revision advisory notice and conduct a Type 2 re-run using the corrected
load forecast provided by the PSO.

3.2.2

Lower and Upper Limits for Proposed Validation Check

An erroneously and extremely high load forecast poses similar risks as an erroneously and
extremely low load forecast, in terms of the need for significant re-dispatch of generators
by the PSO in real time. Hence, imposing both lower and upper limits would be
necessary for the proposed validation check.
3.2.3

Types of Limits for the Proposed Validation Check

The following types of limits for the proposed validation check are explored:
Table 2: Types of Limits for Proposed Validation Check

Type
Limits

of

Option 1: Fixed Limits for
Each Period

Option 2: Common Fixed
Limits for All Periods

Option 3: Variable Limits
for Each Period

The PSO shall provide EMC
with a table of fixed lower
and upper limits for load
forecasts for each period of
each day type. This table of
limits shall be updated at a
suitable
frequency
e.g.
annually.

The PSO shall provide EMC
with a common pair of
fixed lower and upper limits
for load forecasts for all
periods. This pair of limits
shall be updated at a
suitable frequency e.g.
annually.

The PSO shall provide EMC
with a fixed maximum
difference between the load
forecasts for any two
consecutive periods. This
difference shall be updated
at a suitable frequency e.g.
annually.

EMC shall then impose the
corresponding lower and
upper limits provided by the
PSO on load forecasts for
each period of each day
type.

EMC shall then impose the
same lower and upper limits
provided by the PSO on load
forecasts for all periods.

EMC shall then calculate
variable lower and upper
limits for load forecasts for
each period, where such
variable limits are derived
using:
• Latest valid load forecast
for prior period; and
• Fixed maximum difference
provided by the PSO

Example of
Limits

10

Fixed lower and upper limits
of 4600MW and 5600MW
respectively for Period 10 of
Day Type Monday

Fixed lower and upper limits
of 4000MW and 7000MW
respectively for all Periods of
all Day Types

Variable lower and upper
limits of (LFT-1 - 500MW) and
(LFT-1 + 500MW) respectively
for Period T of all Day
Types10, where:
•

LFT-1 : Valid load forecast
for Period (T-1)

•

500MW: Fixed maximum
difference
between
Periods (T-1) and T for all
Day Types

For example, if the load forecast for Period 1 were to be 4500MW, the lower and upper limit for the load forecast of Period
2 will be 4000MW and 5000MW respectively. If the load forecast for Period 24 were to be 6500MW, the lower and upper limit
for the load forecast of Period 25 will be 6000MW and 7000MW respectively.
EMC/BD/07/2018/05b
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Option 1: Fixed Limits for
Each Period
Illustration Load Forecast (MW)
of
Limits
(Red)
and
Load
Forecast
(Blue)

Option 2: Common Fixed
Limits for All Periods
Load Forecast (MW)

Option 3: Variable Limits
for Each Period
Load Forecast (MW)

Period

Period

Period

Pros

•

Relatively
narrower
limits (Lower risk of Type
II error – incorrectly
retaining a false load
forecast)

•

Relatively wider limits
(Lower risk of Type I
error
–
incorrectly
rejecting a true load
forecast)

•

Relatively
narrower
limits (Lower risk of Type
II error)

Cons

•

Costs/risks arising from
more complex limits

•

•

•

Relatively
narrower
limits (Higher risk of
Type I error)

Relatively wider limits
(Higher risk of Type II
error)

Relatively
narrower
limits (Higher risk of
Type I error)

The key considerations in selecting the type of limits for the proposed validation check are:
•

Costs/Risks Arising from Complex Limits
The period-based and day type-based limits in Option 1 are complex. Since the
PSO, as the ultimate data provider, will maintain the high quality of data provided to
EMC, EMC should only be performing a final sanity check on the data provided by
the PSO prior to using them in the MCE to produce schedules, in order to safeguard
the market and system.
Furthermore, such complex limits may incur system alignment costs and risks of
errors in data transmission. Firstly, alignment of EMC’s MCE and PSO’s EMS may
be required as day-type assumptions could be different between the EMC and
PSO’s systems for nodal load forecast and system load forecast respectively. Next,
limits that vary by period and day type would require a high volume of inputs from
the PSO to EMC, and could introduce more errors in data transmission.
This is the key reason why Option 1 is not recommended.

•

Risk of Type II Error and its Impact on System Security
Type II error occurs when a false load forecast is incorrectly retained by the
validation check. The risk of this error will be higher when wider limits are used in
the proposed validation check. Since the common fixed limits in Option 2 are to be
applied for all periods, they need to be sufficiently wide to cater for all intra-day and
inter-day peak and off-peak load scenarios. Therefore, the risk of Type II error will
be higher in Option 2 than in Options 1 and 3.
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This error poses risk to system security and reliability as the PSO may still need to
re-dispatch the generators significantly. For instance, in the case where the
example for Option 2 is implemented with the minimum and maximum limits of
4000MW and 7000MW respectively, if the LFT-1 is 6500MW and LFT is falsely
4200MW when it ought to be 6200MW, LFT would be incorrectly retained by the
validation check and the PSO would have to re-dispatch the generators for 2000MW
of generation.
•

Risk of Type I Error and its Impact on MCE
Type I error occurs when a true load forecast is incorrectly rejected by the validation
check. The risk of this error will be relatively higher when relatively narrower limits
are used in the proposed validation check. Since the fixed limits for each period in
Option 1 are set according to day type and period, they will be inevitably narrower
than that in Option 2 as they can vary to account for intra-day and inter-day peak
and off-peak differences in load forecasts. Similarly, as the variable limits for each
period in Option 3 are set by a fixed maximum difference from the valid load forecast
in the prior period, they can be narrower than that in Option 2, due to valid load
forecast in the prior period already accounting for the intra-day and inter-day peak
and off-peak differences in load forecasts to a certain extent. Therefore, the risk of
Type I error could be higher in Options 1 and 3 than in Option 2.
This risk would be exacerbated if the inter-period load forecast variation is large,
arising from day-type transitions, sudden weather changes or in the near future, a
higher installed capacity of intermittent generation facilities.
Higher risk of this error may lead to more unnecessary MCE reruns. For instance,
in the case where the example for Option 3 is implemented with the maximum
difference limit set at 500MW, if the LFT-1 is 7500MW and LFT is truly 6900MW, LFT
would be incorrectly rejected by the validation check, unnecessarily leading to a
MCE rerun.

In conclusion, we consider that adopting Option 3 is most robust.
Option 3 reasonably staves off erroneous and extreme load forecasts without introducing
significant costs and risks like that of Option 1, which may not be justified given that
erroneous and extreme load forecasts are expected to be rare.
Most importantly, in contrast with Option 2’s common fixed minimum and maximum load
forecasts, whose range cannot be set any narrower to mitigate the risk of Type II error,
Option 3’s fixed maximum difference between the load forecast for any two consecutive
dispatch periods can be set prudently by the PSO to mitigate the risks of Type I and Type
II error, such that the fixed maximum difference is:
•

Adequately small such that the risk of Type II error and the corresponding
magnitude of re-dispatch of generators by the PSO is acceptable (by taking into
account system security and reliability concerns); and

•

Adequately large such that the risk of Type I error and the corresponding risk of
unnecessary MCE reruns is acceptable (by taking into account not only inter-period
load forecast variation, but also the difference in the forecast methodologies for
VSTLF and STLF).

EMC/BD/07/2018/05b
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3.2.4

Recommendation

Based on the above assessment, EMC recommends that the proposed solution comprises
using the latest valid load forecast as the replacement value, and imposing both lower and
upper limits and adopting Option 3 for the proposed validation check.
For transparency regarding the fixed maximum difference under Option 3, EMC proposes
that the PSO provide the methodology for determining this parameter.

4.

Implementation Time and Cost (Updated)

Table 3 summarises the implementation time and cost estimates for the proposed solution.
Table 3: Implementation Time and Cost Estimates
Option 2

Option 3

Time Estimates

Effort
Estimates
(Man weeks)

Lapse Time
(Calendar
weeks)

Effort
Estimates
(Man weeks)

Lapse Time
(Calendar
weeks)

1. Change Requirement Scoping and
Analysis

1.2

2

2

3

2. System Development/ Testing/
Documentation/ Project Management

6.8

7

8.6

10

3. User Acceptance Testing (UAT)

1.6

3

2

4

0

0

0

0

9.6

12

12.6

17

4. Audit
Total Effort Required
Cost
1. Internal EMC Manpower

$38,320

$51,520

2. External Resource to Support
(Vendor)

N.A.

N.A.

3. Audit

N.A.

N.A.

$0

$0

(within EMC’s budget)

Total Additional Cost Required

In addition, as there will be a code freeze period from March 2018 to early March 2019 for
EMC’s server technology refresh, implementation of Items 2 – 4 (namely, System
Development/Testing, UAT and Audit) is preferred to only begin from early March 2019.
This implies that implementation of all steps would begin from end February 2019.
Otherwise, additional vendor costs (not within EMC’s budget) estimated at $28,224 (Option
2) or $37,440 (Option 3) to merge the code would be incurred.
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5.

Consultation

The concept paper was published for consultation on 13 December 2017. Comments were
received from Pacificlight Power (PLP), Senoko Energy, the PSO and Tuas Power as
follows:
Comments from PLP
PLP supports EMC’s recommendation to adopt Option 3 as a proposed validation check
on load forecasts. We understand that this option will impose variable limits for load
forecasts for each period using the latest valid load forecast as replacement value should
there be any invalid forecast in the Very Short Term Load Forecast (VSTLF) and Short
Term Load Forecast (STLF) files provided by PSO.
PLP believe that the proposal is sufficient to mitigate the occurrence of erroneous or
extreme load forecasts, considering the low probability that such an incident will occur (i.e.
historically it has only occurred once since the market started).
EMC’s response
PLP’s support for adopting Option 3 is noted.

Comments from Senoko Energy
Senoko is supportive of the proposal since it will prevent erroneous data being fed into
MCE even though the occurrence is rare. Furthermore the implementation cost is minimal.
EMC’s response
We note Senoko Energy’s support for the proposal.

Comments from the PSO
We support Option 3, which will compare the difference in the demand forecasts between
2 consecutive periods.
EMC’s response
We note the PSO’s support for adopting Option 3.

Comments from Tuas Power
The issue in CP72 arose due to the quality of input data from PSO’s EMS into EMC’s MCE,
which may potentially result in excessive or insufficient dispatch from the generators,
affecting system security and reliability. Tuas Power’s view is that the data validation should
be done by the data provider, i.e. PSO, before submitting to the EMC for the generation of
schedules by the MCE. This will minimise excessive warning messages from the MCE to
PSO and the need to conduct unnecessary Type 2 re-run.
However, if a validation check on the input data from EMS is required, it is proposed for the
implementation in the MCE to be simple and to be used to filter off only extremities in the
load forecasts. In view of the implementation time, time period (additional cost incurred if
project delivery is between March 2018 and March 2019) and cost to implement Option 3,
as provided in Section 4 of the consultation paper, Tuas Power’s preference would be to
adopt Option 2 subject to EMC’s estimate of the implementation schedule and cost.
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EMC’s response
EMC shares Tuas Power’s view that data validation should be done by the data provider
as much as possible. However, from EMC’s discussion with the PSO on the solution, while
the PSO confirmed that they would certainly ensure the quality of the data produced by
their EMS for EMC’s MCE, they are still concerned with the rare occurrences of extreme
and erroneous data arising from errors in data transmission for instance threatening system
security and reliability. With this in mind, EMC assessed the various types of limits to
impose in the proposed validation check by EMC.
The fixed limits for all periods under Option 2 indeed filters out only the extremities in load
forecasts. However, Option 2 falls short of Option 3 in addressing the primary concern over
the impact of erroneous load forecasts on system security and reliability. This is because
Option 2’s fixed upper and lower limit range needs to be sufficiently large, which inevitably
heightens the risk of Type II error (i.e. incorrectly accepting false load forecasts and
compromising system security and reliability). Moreover, the estimated implementation
time and cost of Option 2 (refer to updated Section 4 of the paper) is not materially less
than that of Option 3. Taking into account all considerations, EMC recommends adopting
Option 3.

6.

Conclusion

The paper proposes a validation check on load forecasts to address the system security
and reliability concerns arising from using extreme and erroneous load forecasts to produce
RTSs.
The variable limits for each period under Option 3 reasonably staves off erroneous and
extreme load forecasts without introducing significant costs. Moreover, Option 3’s variable
upper and lower limit range can be of a reasonable size to mitigate the risks of both Type I
and Type II error (given that the PSO sets the fixed maximum difference between the load
forecast for any two consecutive dispatch periods prudently).
The proposed solution hence comprises using the latest valid load forecast as the
replacement value for an invalid load forecast, and imposing both lower and upper limits
and adopting Option 3 for the proposed validation check on load forecasts.

7.

Decisions at 100th RCP Meeting

At the 100th RCP meeting, the RCP unanimously supported the proposed solution that
adopts Option 3 as described in section 3.2 of this paper, requested that the PSO provide
the methodology for determining the fixed maximum difference under Option 3 and tasked
EMC to draft the relevant rule modifications.

8.

PSO’s Methodology for Fixed Maximum Difference

Arising from the RCP’s decision at its 100th meeting, PSO provided the methodology for
determining the fixed maximum difference under Option 3 to be the 5-year moving
maximum difference between the VSTLF values of any two consecutive periods, rounded
up to the nearest hundred. For 2018, for example, the fixed maximum difference will be
based on the maximum difference between the VSTLF values of any two consecutive
periods from 2013 to 2017 as per the table below, and rounded up to 600MW.
EMC/BD/07/2018/05b
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Table 4: Maximum Difference from 2013 to 2017

Year

Maximum Difference between
VSTLF values of any 2
consecutive periods (MW)

2013

508

2014

558

2015

538

2016

405

2017

415

2013 to 2017

558

The PSO deems that the fixed maximum difference determined is adequately small such
that the risk of Type II error, where a false load forecast is incorrectly retained and
subsequently significant re-dispatch of the generators is required by the PSO, is acceptable
(by taking into account system security and reliability concerns).
To test if the fixed maximum difference determined is adequately large such that the risk of
Type I error is acceptable, EMC Market Operations (MO) checked VSTLF and STLF values
in 2016 and 2017 using the 600MW limit. It was discovered that there would have been a
few incidents of continuous invalidation of the STLF value for the same period in
consecutive hourly STLF files (up to 88), as shown in the table below.
Table 5: Incidents of Continuous Invalid STLF Values in 2016 & 2017
Year

No. of STLF Files

Affected Periods

Remarks

2016

10

1

P48 to P1

9

1

P48 to P1

88

1

P48 to P1

10

2

P48 to P1

24

2

P48 to P1

10

1

P48 to P1

2017

EMC MO hence raised their concern of MCE’s failure to produce the MOS and/or PDS if
STLF values are continuously invalidated11 (in 171 or more consecutive hourly STLF files)
to the extent that there is no replacement value to use in the computation of the MOS and/or
PDS.
11

For example, for Period 48 of Day T+6, the first MOS that covers this period will be computed at 02:00 of Day T (covering
all Periods in Day T+1 to T+6) using the STLF file produced at 01:40 of Day T (covering Period 5 of Day T to Period 4 of
Day T+14). The STLF for this period will be first covered in the STLF file produced at 23:40 of Day T-8 (covering Period 1 of
Day T-7 to Period 48 of Day T+6). The MCE will fail to produce the MOS if the STLF for Period 48 of Day T+6 is invalidated
in 171 consecutive hourly STLF files i.e. from the one produced at 23:40 of Day T-8 to the one last produced at 01:40 of
Day T.
EMC/BD/07/2018/05b
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In order to prevent the continuous invalidation of a STLF value which could cause the failure
to produce MOS/PDS, we recommend having an email alert to EMC when any
VSTLF/STLF value is being invalidated, so that when necessary, the PSO can be notified
in a timely manner to provide the corrected STLF value. The estimated increase in
implmentation cost (within EMC’s budget) is $5,760. Note that arising from the code freeze
period from March 2018 to early March 2019 for EMC’s server technology refresh, if the
implementation of this project begins before end February 2019, additional vendor costs
(not within EMC’s budget) estimated at $3,600 (email alert) to merge the code would be
incurred.

9.

Summary of Proposed Modifications

Arising from the RCP’s decision at its 100th meeting, EMC drafted the proposed
modifications to the market rules as set out in Annex 1. Table 6 below summarises these
changes.
Table 6: Summary of Proposed Modfications
Chapter/Section

Proposed changes

Reasons for change

Chapter 6
section 3.2.1

Added “The methodology, including
revisions thereto, for transforming load
forecasts for Singapore received from
the PSO into nodal load forecasts shall
be published by the EMC.”

To introduce the requirement for EMC to
publish the methodology (and revisions
thereto) for transforming the load forecasts
received from the PSO into nodal load
forecasts.

Chapter 6
section 7.2.2

Replaced “thereof” with “thereto”.
Added “and how the load participation
factors are utilised to determine the
nodal load forecasts,” and “in the
publication referred to in section 3.2.1 of
Chapter 6”.

To provide that the methodology for
determining the load participation factors and
how the load participation factors are utilised
to determine the nodal load forecasts will be
published by EMC in the same publication as
the methodology for transforming the load
forecasts received from the PSO.

The procedure to validate the load forecast values will form part of the methodology for
transforming the load forecasts received from the PSO by EMC. The draft publication of
the methodology is set out in Annex 2 for reference.

10.

Legal Sign-Off

Text of the rule modifications has been vetted by EMC’s external legal counsel whose
opinion is that the modifications reflect the intent of the rule modification proposal as
expressed in the third column of the table in Annex 1.

11.

Consultation (Proposed Rule Modifications)

The proposed rule modifications, as set out in Annex 1, were published for consultation on
14 June 2018. No comments were received.

EMC/BD/07/2018/05b
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12.

Implementation Timeframe

EMC MO has highlighted that the entire NEMS system could be designated as a Critical
Information Infrastructure (CII), for which a Security-By-Design (SBD) framework would
need to be implemented. Such designation may entail additional requirements to be
imposed on any NEMS system changes, including this proposal, and incur additional
implementation costs and time to the extent which is unknown at present. If such CIIrelated costs are incurred, it will be recovered from the EMC fee as exogenous cost.
Table 7 below summarises the implementation time and costs estimates for the proposal
(adopting Option 3 and the email alert), depending on whether implementation commences
upon EMA’s approval or after the completion of EMC’s server technology refresh project.
Table 7: Implementation costs and time (based on Option 3 in Table 3 and Email Alert in Section 8)
Implementation commences:

Costs estimates

Implementation
time

EMC’s Internal
Manpower (within
EMC’s Budget)
Additional
implementation costs
CII-related costs

Implementation lapse
time
CII-related additional
implementation lapse
time

Upon EMA’s approval

$57,280

After EMC’s Server
Technology Refresh
Project
$57,280

$41,040 (for code merge)

$0

Unlikely to be incurred
(assuming EMC is not
designated as CII at the time
EMA approves the rules)
17 calendar weeks after EMA’s
approval is published
Unlikely to be incurred
(assuming EMC is not
designated as CII at the time
EMA approves the rules)

Likely to be incurred;
Amount unknown at
present
17 calendar weeks from
end Feb 2019
Likely to be incurred;
Additional time unable to
be estimated at present

Given the CII-related unknowns, EMC recommends that the RCP makes the decision of
when to implement this proposal based on the known time and costs estimates. When the
project is recommended to be implemented therefore depends on the value to the market
from having the proposal implemented earlier vis-à-vis the code merge costs.

13.

Decision at the 103rd RCP Meeting

At the 103rd RCP meeting, the Panel unanimously supported the proposed rule
modifications set out in Annex 1.

EMC/BD/07/2018/05b
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14.

Recommendations

The RCP unanimously recommends that the EMC Board:
a) adopt the proposed rule modifications as set out in Annex 1;
b) seek the EMA’s approval of the proposed rule modifications as set out in Annex 1; and
c) recommend that the proposed rule modifications come into force 17 calendar weeks
from end February 2019.

EMC/BD/07/2018/05b
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ANNEX 1: Proposed Rule Modifications

Existing Market Manuals
(1 January 2018)

Proposed Rule Changes
(Deletions represented by strikethrough text and additions
represented by double underlined text)

Chapter 6

Chapter 6

3.2
3.2.1

FORECASTING SYSTEMS
3.2
The EMC shall establish such systems and 3.2.1
procedures, and train such staff, as may be necessary
to allow the EMC to transform, on a regular basis as
required by sections 7.2.1 and 9.1.1, load forecasts for
Singapore received from the PSO for each dispatch
period into nodal load forecasts for the same dispatch
period.

FORECASTING SYSTEMS
The EMC shall establish such systems and
procedures, and train such staff, as may be necessary
to allow the EMC to transform, on a regular basis as
required by sections 7.2.1 and 9.1.1, load forecasts for
Singapore received from the PSO for each dispatch
period into nodal load forecasts for the same dispatch
period. The methodology, including revisions thereto,
for transforming load forecasts for Singapore
received from the PSO into nodal load forecasts shall
be published by the EMC.

7.2
7.2.2

LOAD FORECASTING
The nodal load forecasts described in section 7.2.1,
comprising a forecast of load for each dispatch
network node for the relevant dispatch period, shall
be prepared by applying the load participation
factors to the forecast of non-dispatchable load
provided by the PSO in accordance with section
G.2.1 of Appendix 6G. The load participation factor
for a given dispatch period shall be determined by
the EMC using load disposition for similar days and

LOAD FORECASTING
The nodal load forecasts described in section 7.2.1,
comprising a forecast of load for each dispatch
network node for the relevant dispatch period, shall
be prepared by applying the load participation
factors to the forecast of non-dispatchable load
provided by the PSO in accordance with section
G.2.1 of Appendix 6G. The load participation factor
for a given dispatch period shall be determined by
the EMC using load disposition for similar days and

EMC/BD/07/2018/05b
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7.2
7.2.2

Reasons for Modification

To introduce the
requirement for EMC to
publish the methodology
(and revisions thereto) for
transforming the load
forecasts received from the
PSO into nodal load
forecasts.

To provide that the
methodology for
determining the load
participation factors and
how the load participation
factors are utilised to
determine the nodal load
forecasts will be published
by EMC in the same
18

Existing Market Manuals
(1 January 2018)
similar dispatch periods. Load disposition shall be
determined by the EMC using the data provided by
the PSO pursuant to section G.2.3 of Appendix 6G
or historical metering data, as the EMC deems
appropriate. The load participation factors for all
dispatch network nodes for a given dispatch period
shall sum to one. The methodology, including
revisions thereof, for determining the load
participation factors shall be published by the EMC.
Explanatory Note: The phrase “load disposition
for similar days and similar dispatch periods” is
explained in the aforesaid published methodology.

Proposed Rule Changes
(Deletions represented by strikethrough text and additions
represented by double underlined text)

Reasons for Modification

similar dispatch periods. Load disposition shall be
determined by the EMC using the data provided by
the PSO pursuant to section G.2.3 of Appendix 6G
or historical metering data, as the EMC deems
appropriate. The load participation factors for all
dispatch network nodes for a given dispatch period
shall sum to one. The methodology, including
revisions thereofthereto, for determining the load
participation factors and how the load participation
factors are utilised to determine the nodal load
forecasts, shall be published by the EMC in the
publication referred to in section 3.2.1 of Chapter 6.

publication as the
methodology for
transforming the load
forecasts received from the
PSO.

Explanatory Note: The phrase “load disposition
for similar days and similar dispatch periods” is
explained in the aforesaid published methodology.

EMC/BD/07/2018/05b
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ANNEX 2: Draft Publication on Methodology for Transforming Load Forecasts from PSO
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Introduction
This document describes the methodology for transforming the load forecasts received
from the PSO for each dispatch period into the nodal load forecasts for the same dispatch
period. This methodology is required to derive the nodal load forecasts for each dispatch
period, which will then be used as an input in the Market Clearing Engine (MCE) to
produce the relevant schedule.
There are five major steps involved in this methodology: 1): validating the load forecasts
received from the PSO before storing them, 2): averaging the stored load forecasts to
derive the end-of-period load forecasts and adjusting them for transmission losses, 3):
preparing the load scenarios, 4): applying the load participation factors to derive the
nodal load forecasts, and 5): adjusting for nodal load shedding. This document will
cover the methodology for all the above-mentioned steps.
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Step 1 – Validation of PSO’s Load Forecasts
In accordance with the System Operation Manual (SOM), the PSO uses software
modules of the Energy Management System (EMS) to prepare load forecasts (“EMS
load forecasts”) in the following files:
Very Short Term Load Forecast (VSTLF) - a forecast of the average system load for
each half-hourly period for the next 7 hours, sent on a half-hourly basis; and
Short Term Load Forecast (STLF) - a forecast of the average system load for each halfhourly period for the next 14 days (i.e.672 periods), sent on an hourly basis.
Determining the Fixed Maximum Difference
On an annual basis, the PSO shall provide EMC with a fixed maximum difference
between the EMS load forecasts for any two consecutive periods, in accordance with
the methodology set out in the System Operation Manual (SOM), in order for EMC to
validate the EMS load forecast. The PSO shall provide the methodology for determining
the fixed maximum difference parameter in the SOM.
EMC shall publish the fixed maximum difference parameter.
Validation of EMS load forecasts
To validate the EMS load forecast for Period T in a VSTLF or STLF file, EMC shall
first calculate the variable lower and upper limits, where such variable limits are
derived using the following formulae:
•

Lower Limit = (EMS_LFT-1 - FMD); and

•

Upper Limit = (EMS_LFT-1 + FMD)

for Period T of all Day Types, where:
•

EMS_LFT-1: Most recently stored EMS load forecast for Period (T-1) in the
VSTLF or STLF file respectively

•

FMD: Fixed maximum difference
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An EMS load forecast for a dispatch period is valid when it is within the range of the
Lower Limit to Upper Limit, inclusive, and vice versa. When the EMC receives VSTLF
and STLF files from the PSO, only the valid EMS load forecasts in these files will be
stored for use in the next step to derive the loss-adjusted end-of-period load forecasts
for the MCE (“MCE load forecasts”).
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Step 2 – Derivation of Loss-Adjusted End-of-Period Load
Forecasts
For all schedules, the most recently stored VSTLF EMS load forecast for Period T and
(T+1) are used to derive the MCE load forecast for Period T. In the case where there is
no stored VSTLF value for the relevant period at all, the EMS load forecast used shall
be the most recently stored STLF value for the relevant period. In the case where there
is no stored EMS load forecast for Period T or (T+1) at all, the run shall be deemed
“Failed”. For the Real Time Schedule and Short Term Schedule, if any of the EMS load
forecast for Period T or (T+1) used is not from the latest VSTLF file, the run shall be
deemed “Conditional”.
EMC calculates the MCE load forecast used for Period T by first averaging the EMS
load forecasts for Periods T and (T+1) to obtain the generation required at the end of
Period T1, and then multiplying this average by 0.994 to adjust for transmission losses.

1

The EMS load forecast forecasts the average gross generation required over a half-hour dispatch
period. The process of averaging the EMS load forecasts of two consecutive periods is necessary to
turn forecasts of average gross generation in the two dispatch periods into an estimate of the gross
generation at the end of the first dispatch period (at a discrete point in time).
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Step 3 – Adjustment for Load Scenarios
The MCE load forecast is then adjusted for the following load scenarios using the load
sensitivity factor:
•

Normal Forecast = MCE load forecast

•

Low Forecast = Normal Forecast − load sensitivity factor; and

•

High Forecast = Normal Forecast + load sensitivity factor.

where load sensitivity factor = 100MW.
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Step 4 – Derivation of Nodal Load Forecasts
This step is to derive the non-dispatchable load at each Off Take Load facility (OTL)2
(“nodal load forecasts”) since the National Electricity Market of Singapore (NEMS)
adopts a nodal pricing regime.
There are two major steps involved in this methodology: A: distributing the MCE load
forecast among the OTLs using Load Participation Factors (LPFs) to obtain the total
load forecast of each OTL, and B: deducting the dispatchable load of each OTL from
the total load forecast of each OTL if there are DR bids associated with that OTL. The
Annex will cover the methodology for both steps with simple examples for illustration.

2

In the MCE, a non-dispatchable load at a dispatch network node is modelled as an Off Take Load
facility (OTL).
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Step 5 – Adjustment for Nodal Load Shedding
In the event that the PSO forecasts a shortfall of energy in accordance with section G.2.2
of Appendix 6G for any dispatch period within the first two hours of the market outlook
horizon, the EMC shall immediately adjust the nodal load forecasts for the
corresponding dispatch periods to reflect the shortfall quantities and locations specified
by the PSO.
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ANNEX: DERIVATION OF NODAL LOAD FORECASTS
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Step A - LPF Derivation
The MCE load forecast for a given period is distributed among the connected OTLs
using Load Participation Factors (LPFs), where the LPFs are derived dynamically based
on the actual load recorded by the SCADA snapshots. This enables load transfers, that
are carried out in real-time, to be captured by the market system almost immediately,
contributing to the accuracy of the nodal load estimation. Due to the computative nature
of the unit transformer3 load values in the SCADA system, the unit transformer is also
dynamically modelled, but with its load value proportional to the associated generating
unit’s output level as captured in the network status file.
Currently the LPFs are specific to the period, and are based on the expected load
distribution for the connected OTLs. The LPF for an OTL represents its share of the
MCE load forecast. It is calculated based on historical load distribution. The historical
load distribution is determined from actual loads for each OTL that are stored in the
database. The storage of actual load values is covered in more detail in the following
section.
Load distribution varies from period to period and from day to day. Hence the LPFs for
a given period are calculated from the most recently stored actual loads for a similar day
and dispatch period. This is referred to in the rules as “load disposition for similar days
and similar periods”. For example:
-

when solving period 12 on Tuesday, the LPFs will be calculated from the most
recently stored loads for period 12 on a Tuesday;

-

when solving for period 7 on Christmas Day, the LPFs will be calculated from
the most recently stored loads for period 7 on a Christmas Day.

3

Unit transformer is a special type of off-take transformer in that it supplies the station load, and its
consumption tends to increase or decrease in proportion with the generation output level, instead of a
relatively fixed size as for a normal off-take transformer.
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Day Types
In order for the MCE to decide which day is a "similar day", every day of the year is
assigned to one of the day-types shown in the table below. The day-types consist of the
days of the week (i.e. Monday to Sunday), and defined special days (e.g. Christmas
Day).
Table 1: Defined day types
Day-type

Special Day

Monday

No

Tuesday

No

Wednesday

No

Thursday

No

Friday

No

Saturday

No

Sunday

No

New Year’s Day

Yes

Chinese New Year Day 1

Yes

Chinese New Year Day 2

Yes

Good Friday

Yes

Labour Day

Yes

Vesak Day

Yes

National Day

Yes

Deepavali

Yes

Christmas Day

Yes

Hari Raya Haji

Yes

Hari Raya Puasa

Yes
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The LPF Calculation
Prior to the MCE solving the linear program for a period, an LPF is calculated for every
connected4 OTL. The LPF for a connected OTL will be calculated by dividing the most
recently stored actual load for that OTL by the sum of the most recently stored actual
loads for all connected OTLs (i.e. ∑connected_j Loadj):

LPFj = Min [

Load j

connected_j

Load j

, LPF Threshold]

where:
•

LPFj = the dynamic LPF calculated for OTL j

•

Loadj = the most recently stored actual load value for a normal OTL j, or the
calculated value for a unit transformer 5

•

LPF Threshold is a safeguard to prevent bad (extremely large) data and currently set
as 0.03.

The total load forecast (before DR bids processing) for an OTL is calculated as follows:
𝑂𝑇𝐿_𝐿𝑜𝑎𝑑𝐹𝑜𝑟𝑒𝑐𝑎𝑠𝑡𝑗 =

𝐿𝑃𝐹𝑗 × 𝑀𝐶𝐸_𝐿𝑜𝑎𝑑𝐹𝑜𝑟𝑒𝑐𝑎𝑠𝑡
∑𝑗 𝐿𝑃𝐹𝑗

Storage of Actual Load Values
The LPFs are calculated from stored actual loads of each OTL. The actual loads of an
OTL for a given period are extracted from the Network Status file that is provided by
the PSO ten minutes before the start of that period. For example, the actual load that is

4

For Real Time Schedules this connectivity is determined by the Network Status file received ten minutes
before the period starts. For Forecast Schedules connectivity is determined by the PSO’s Outage Schedule
file.
5
The formula used in the calculation is as follows:
Unit Transformer Load = Energy Output * Station Load Factor
where

Energy Output is taken from the start generation MW, and

Station Load Factor is provided by PSO, and may change subject to the annual review.
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stored for period 22 (the half hour starting 10:30) will be extracted from the Network
Status file that arrives at 10:20.
This allows the Real Time Schedule to use the most recently available actual load
distribution. For example, if the PSO shifts load, then this will be reflected in the Real
Time Schedule.
Rules for Storing Actual Load Values for each OTL
The actual load values that are extracted from the Network Status file will be subject to
the following checks:
•

If the OTL is disconnected, its actual load value will not be stored.

•

If the OTL is connected,


Only actual load values that have a quality of "Actual" will be stored6



If the actual load value is negative then a value of zero will be stored7

Base Load Data
To cover the case where a connected node has never had any actual load value recorded
in a Network Status file there will be a set of base loads to fall back to.
At the time that Dynamic LPF was introduced in 2004, a set of loads was stored for
every OTL facility that existed in the system at that time8. These "base loads" will have
an earlier time-stamp than any values subsequently stored from a Network Status file.
Hence whenever an OTL has a actual load value stored from the Network Status file
then this value will supersede the base load value for the particular day-type and period.

6

Load data in the Network Status file has a quality flag associated with it. Data that is flagged as ACT is
actual, good data. Data that is flagged as NOT is bad data.
7
The load data represents the energy flowing out through a load transformer. If this load transformer is
supplying an area where there is embedded generation then potentially energy could flow back into the
grid. In this case the load recorded at the transformer would be negative. It is not possible to assign
negative load, so in the cases where the load is recorded as negative a value of zero is stored.
8
These fallback values will be loads that were calculated using the static LPFs in use prior to the release
of Dynamic LPFs.
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In the event that a new OTL facility is added, zero will be the fall-back value for this
OTL, until a Network Status file actual load value is stored.
Example 1 - Calculation of LPFs
This example is fabricated in order to illustrate the key points of the methodology while
the actual LPFs in the NEMS are calculated up to 6 decimal places.
Calculation of LPFs for 20-December-2011 Period 12 (half hour starting 05:30):
Network Status File: arrives approximately 10 minutes before Period 12 i.e. 20December-2011 05:20, containing the following actual MW load values:
OTL
MW Load
Quality
Connected

OTL A
10.2
Actual
yes

OTL B
9.6
bad
yes

OTL C
0.05
Actual
no

OTL D
-5.7
Actual
yes

OTL E
13
Actual
yes

The table below shows the status of the actual MW load stored in the database, after the
Network Status file shown above has been processed. The records are shown in
chronological order. Only representative days and periods are shown, with "…" to mark
the absence of intervening records.
Timestamp

Day
Type

Period

OTL A
MW

OTL B
MW

OTL C
MW

OTL D
MW

OTL E
MW

date/time of
Dynamic
LPFs Release

TUE

12

10.1

9.8

6.1

2

-

…
…
date/time of
Standing Data
TUE
12
0
release for
new node E
…
…
13-Dec-11
TUE
12
10.3
7
1
05:21
…
…
20-Dec-11
TUE
12
10.2
0.05
0
13
05:20
Note: a value of "-" represents no value stored. This will happen if the quality of the values is not Actual,
as in the case of OTL B.
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Calculation of LPFs for Real Time Schedule Period 12 on 20-December-2011:
OTL
MW Value
Used
calc'd
LPF

OTL A

OTL B

10.2

9.8

10.2/33
=0.309

9.8/33
=0.297

OTL C
not
connected
not
connected

OTL D

OTL E

Sum

0

13

33

0/33
=0

13/33
=0.394

1.0

Values used by Pre Dispatch Schedule covering Period 12 for 20-December-2011:
OTL
MW Value
Used
calc'd
LPF

OTL A

OTL B

10.3

9.8

10.3/21.1
=0.488

9.8/21.1
=0.464

OTL C
not
connected
not
connected

OTL D

OTL E

Sum

1

0

21.1

1/21.1
=0.047

0/21.1
=0

1.0

The above example for the Period 12 Real Time Schedule illustrates the following
situation:
OTL A

The actual load value received in the Network Status File is used to
calculate the LPF

OTL B

A bad load value is received, so the Real Time Schedule LPF calculation
uses the latest good value. As no actual value from the received Network
Status file has ever been stored, the latest good value is the base load
value

OTL C

This OTL is not connected so it is not included in the LPF calculation.

OTL D

Negative value received, load value stored as 0

OTL E

OTL did not exist at the time Dynamic LPFs was released. When the
OTL was created a value of 0 was entered for all periods and day-types.
The value of 0 was used until an actual value of 13 was received in the
Network Status file.
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Note:
-

The Pre-Dispatch Schedule (PDS) is shown for comparison. Because the PDS that
covers Period 12 was run before the 20-Dec-2011 Period 12 Network Status data
was stored, the "latest" values that the PDS used were older (i.e . on 13 Dec 2011)

-

The example assumes the entire network consists of only the OTL facilities shown,
whereas the actual system has approximately 370 OTL facilities. Hence, the LPF
Threshold (of 0.03) has not been applied in this example, so as to minimize the
complexity.

-

In most cases the actual load values that are used will all be extracted from the same
Network Status file, as missing and bad values are uncommon

-

Because this is an exaggerated example, the LPFs vary significantly between the Pre
Dispatch Schedule and the Real Time Schedule. In reality this would not be the case,
as load distribution and OTL connectivity does not vary greatly from day to day.
Also because the real system is much larger, the removal of one or two nodes has
no significant effect on the overall outcome.
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Step B - DR Bids Processing
In the MCE, a load registered facility participating in demand response (DR) is modelled
as a dispatchable load facility (DPL). Each DR-DPL is a logical facility aggregating a
number of OTLs in a load zone, unlike an OTL which is physically connected to a
specific dispatch network node. Therefore DR-DPL’s DR bids are also at the load zone
level.
In the MCE, the purchase bid for a DR-DPL is modelled separately from the purchase
bid of an OTL. The purchase bid for a DR-DPL comprises bid quantities and bid prices
in ten tranches as submitted by the market participant; whereas the purchase bid for an
OTL has only one fixed price9 tranche with quantity derived equals to non-dispatchable
nodal load forecast. After the introduction of the DR scheme, the total load forecast for
an OTL obtained in Step A includes both dispatchable and non-dispatchable load.
Therefore, in processing DR bids, the MCE needs to remove the dispatchable quantity
from the OTL total load forecast to obtain the non-dispatchable nodal load forecast at
that OTL.
Each DR-DPL shall be linked to one or more substations within a load zone when it is
registered with the NEMS. All the dispatch network nodes within those substations will
be associated with the DR-DPL in the MCE’s dispatch network model. The DR bids
submitted at load zone level will be distributed to these dispatch network nodes and then
further distributed to the OTLs connected to the dispatch network nodes.
The load participation factor (LPF) calculated in Step A shall be used to determine the
proportion of a DR bid distributed to first the dispatch network nodes, and then the
OTLs.

9

The purchase bid price for non-dispatchable load is set at a fixed price of 10*VOLL ($50,000/MWh).
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Distribute DR Bids to Dispatch Network Nodes
For each DR-DPL, there can be one or more dispatch network nodes associated with it.
The DR bids will be first distributed to the associated nodes as follows:
𝐷𝑁𝑁_𝐷𝑅𝐵𝑖𝑑𝑛,𝑝 = 𝑀𝑖𝑛(𝑃𝑢𝑟𝑐ℎ𝑎𝑠𝑒𝐸𝑛𝑑𝑀𝑎𝑥𝑝 , 𝐷𝑅𝐵𝑖𝑑𝑝 ) ∗

∑𝑗(𝑛) 𝐿𝑃𝐹𝑗(𝑛)
∑𝑗(𝑝) 𝐿𝑃𝐹𝑗(𝑝)

where:


p = a DR-DPL



n = a dispatch network node associated with p



PurchaseEndMaxp = the maximum end-of-dispatch period purchase of DR-DPL p
as calculated in accordance with section D.12.7 of Appendix 6D of the Market Rules.



DRBidp is the total bid quantity of DR-DPL p



j(n) = an OTL that is connected to node n



j(p) = an OTL that is associated with DR-DPL p





= sum over all OTLs j connected to node n

j (n )





= sum over all OTLs j associated with DR-DPL p

j( p)

Note:

 LPF
 LPF

j(n)

j(n)

refers to the Proportionp,n parameter used in section D.15.3.1 of
j( p)

j( p)

Appendix 6D of the Market Rules.
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Distribute Nodal DR Bids to OTLs
For each dispatch network node there can be one or more OTLs connected depending
on the network connectivity for each dispatch period. The DR bids will be further
distributed to the associated OTLs as follows:
𝑂𝑇𝐿_𝐷𝑅𝐵𝑖𝑑𝑗(𝑛) = ∑

𝑝(𝑛)

The nodal load forecast

𝐷𝑁𝑁_𝐷𝑅𝐵𝑖𝑑𝑛,𝑝 ∗

𝐿𝑃𝐹𝑗(𝑛)
∑𝑗(𝑛) 𝐿𝑃𝐹𝑗(𝑛)

is the OTL purchase bid quantity after removing the

dispatchable portion from the OTL total load forecast is:
OTL_PurchaseBidj(n) = OTL_LoadForecastj(n) − OTL_DRBidj(n)
where:




p(n) = a DR-DPL p associated with node n.



= sum over all DR-DPLs p associated with node n

p (n )





= sum over all OTLs connected to node n

j (n )



OTL_PurchaseBidj(n) = Purchase bid quantity of OTL j at node n.



OTL_LoadForecastj(n) = the total load forecast for the OTL j as calculated in Step
A.

Note:


If OTL_DRBidj(n) > OTL_LoadForecastj(n), then OTL_PurchaseBidj(n) = 0. Refer to
Special Case 2 in the next section.

Special Cases
1. DR bid quantities with in a zone exceeds the zonal load forecast
When the sum of DR bid quantity in a given zone exceeds the zonal load forecast (i.e.
sum of total load forecast for all connected OTLs in the zone) provided by the PSO,
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there are no non-dispatchable loads in the zone anymore. Hence all the OTL_
PurchaseBid of the zone will be set to zero. Any DR bid quantity which exceeds the
zonal load forecast will offset the zonal load forecast of other zones (i.e.
OTL_PurchaseBid in other zones) in proportion to each zone’s zonal load forecast.
2. Portion of DR bid distributed to OTL exceeds the total load forecast of OTL
When the portion of DR bids distributed to any OTL exceeds the OTL’s total load
forecast, all DR bids within the affected zone will be proportionally deducted from all
the OTLs in that zone as follows:
OTL _ PurchaseBid j ( z )  ( ZoneLoadForecastz  Zone _ DRBids z ) *

LPF j

 LPF

j

j( z)

where:


j(z) = OTL j in zone z.



ZoneLoadForecastz = load forecast from all OTLs in the zone z



Zone_DRBidsz = total DR bid quantities in zone z





= sum over all OTL j in zone z

j(z)

3. DR bid is not associated with any OTL
When there is no OTL associated with a DR-DPL, the DR bid quantity from this DRDPL is not able to be distributed. This case will be handled the same as Special Case 2
where all DR bids within the affected zone will be proportionally deducted from all the
OTLs in that zone.
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Example 2 – DR Bids Processing
This example is to illustrate the key concept of DR Bids processing. A simple network
is divided into two load zones A and B. Each zone has a few dispatch network nodes.
Each dispatch network node is connected to one or more OTLs. Assume that the OTL
total load forecast derived from Step A for a dispatch period is as follows:
8.2MW
9.6MW
5.7MW
1.3MW
2.0MW
3.4MW
0.5MW

The LPF for each OTL (calculated from Step A) is:

MW
LPFOTL

OTL 1
8.2
0.267

OTL 2
9.6
0.313

OTL 3
5.7
0.186

OTL 4
1.3
0.042

OTL 5
2
0.065

OTL 6
3.4
0.111

OTL 7
0.5
0.016

Sum
30.7
1.000

There are two DR-DPLs in Zone A which submitted DR bids for this period:

Bid Quantity
Bid Price
Associated DNNs

DR-DPL A1
2.5
$300
Node 1, Node 2

DR-DPL A2
1.8
$280
Node 2

The DNN_LPFOTL is the sum of all LPFOTL connected to the dispatch network node:

DNN_LPFOTL

Node 1

Node 2

Node 3

Node 4

0.267+0.313= 0.58

0.186

0.042

0.065

Node 5
0.111+0.016=
0.127

The DPL_LPFOTL is the sum of LPFOTL of all the OTLs associated with the DR-DPL:

DPL_ LPFOTL

DR-DPL A1
0.267+0.313+0.186= 0.766
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The DR bid distributed on each DNN shall be:

Bid Quantity
Associated DNNs
DPL_ LPFOTL
DNN_DRBid for Node 1
DNN_DRBid for Node 2

DR-DPL A1
2.5
Node 1, Node 2
0.766
2.5*0.58/0.766=1.893
2.5*0.186/0.766=0.607

DR-DPL A2
1.8
Node 2
0.186
1.8*0.186/0.186=1.8

The DR bid distributed to each OTL and the final non-dispatchable purchase bid for
OTL shall be:
OTL 1
8.2
0.267
Node 1:
1.893*0.267
OTL_DRBid
/0.58
=0.871
OTL_Purchase 8.2Bid
0.871=7.329
MW
LPF

OTL 2
9.6
0.313

OTL 3
5.7
0.186
Node 2:
Node 1:
(0.607+1.8)
1.893*0.313/0.58
*0.186/0.186
=1.022
=2.407
5.79.6-1.022=8.578
2.407=3.293

OTL 4 OTL 5 OTL 6 OTL 7 Sum
1.3
2
3.4
0.5
30.7
0.042 0.065 0.111 0.016 1.000
-

-

-

-

4.3

1.3

2

3.4

0.5

26.4

After processing the DR bid, the sum of non dispatchable load (26.4MW) plus the
dispatchable load (4.3MW) equals to the total load forecast of 30.7MW.
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