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1.0 Introduction

This paper studies the reasons for non-physical loss handling in the National Electricity Market of
Singapore (NEMS) and focuses on the instances where it is triggered by a negative marginal
offer price. It describes how the NEMS approximates the quadratic loss function using a model of
the transmission circuit with nine constant nodes and eight linear segments and follows the
solution step by step. A case study of an actual negative price case on 6 October 2003 is

included.
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2.0 Non-Physical Loss in the MCE
2.1 What is non-physical loss?

The objective function of the linear programme (LP) solver in the NEMS is to maximise the social
welfare of dispatching energy, reserve and regulation over the Singapore power system. To
simplify the analysis, only energy is considered. The objective function effectively becomes:

Maximise (> PurchaseBidPricexPurchaseBlock — Y GenerationOfferPricexGenerationBlock)

The PurchaseBidPrice is fixed at $50,000/MWh, and the S PurchaseBlock is equal to the system
load forecast. Therefore, for a given period, both are constant values. Hence, the
GenerationOfferPrice and the GenerationBlock become the determinant factors.

The number of GenerationBlock dispatched is a function of the total generation of the NEMS.
The higher the generation, the greater the number of GenerationBlock are dispatched and,
subsequently, the higher the offer price that is cleared. As the generation comprises the load
forecast and the transmission loss, the solver will, in most cases, attempt to minimise the losses
on the branches and, hence, minimise the total number of GenerationBlock dispatched and
maximise the total objective function value.

However, an anomaly may occur when the marginal offer price is negative. In order to maximise
the total objective function, the solver will attempt to maximise the generation. As such, the
solver will select the largest possible loss it can incur; in the case of the NEMS, non-adjacent
nodes will be selected to produce a larger-than-normal loss for a certain flow. This anomaly is
referred to as non-physical loss (NPL) and, if left unresolved, would result in considerable errors
in the calculation of transmission loss and of energy dispatch during negative prices.

Theoretically, when the marginal price is zero, NPL may also appear because over-dispatch
does not impact the objective function value when the nodal prices are zero throughout the
system. Another possible occurrence of NPL is in tandem with the spring-washer effect, where
any extra MW incurred from NPL enables more flow on the parallel paths. If the cost of NPL is
less than the benefit gained from the additional flow, the solver will choose NPL. This more
complicated scenario requires a separate discussion and is not covered in this paper.

2.2 What is the NPL problem in the MCE?

Different market models employ different methodologies to handle NPL, based on the specific
market design, and especially on the transmission circuit modelling. For example, in Australia,
National Electricity Market Management Company (NEMMCO) employs NPL Run in which the
multi-segment interconnector loss model for each interconnector is effectively removed and
replaced with a static loss factor; and the interconnector flow targets are clamped to within
+250MW of their initial interconnector flows to prevent actual losses from deviating too greatly
from those determined using the static loss factor.

The NEMS takes a different approach. The market clearing engine (MCE) models the
transmission circuit using nine constant nodes and eight linear segments. Thus the quadratic
loss function (Loss = Resistance * Flow # 2) is approximated by a series of linear segments, as
depicted in the figure:
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Loss(MW)

* The blue squares
represent constant nodes
* The red lines
represent linear segments

Flow

=1 j=2 =8 =4 5 =6 =7 j=8 j=o  (MW)
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The mathematical expression for the above model is:

LineFlow, = ) LineFlowCanst,; x Weight,
4 jeDISCRSUB,

+ DeficitWLineFlow, —ExcessWLineFlow,

< LineLoss, = ) LineLossConst,; x Weight

jeDISCRSUB,

> Weight,; =1

\_  jeDISCRSUB,

{k € LINES, k ¢ ARTIFICIALLINES1U ARTIFICIALLINES3}

A new variable, Weight, is introduced to compose the best solution by combing through the nine
variables of each of the constant nodes to find the best two nodes for each solution.

Under a positive nodal price scenario, the solver always uses the two adjacent nodes
surrounding a certain flow to drive the transmission loss on a circuit. This results in an optimal
solution. For example:

Loss(MW)

LineFlow: Flow = Weight(A,C)*A + Weight(B,D)*B
LineLoss: Loss = Weight(A,C)*C + Weight(B,D)*D
Weight: 1 = Weight(A,C) + Weight(B,D)
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However, if negative nodal prices are present, the solver will produce NPL. Graphically, the loss
may be derived by using non-adjacent nodes, as below:

Loss{MW)

CircuitError

LineFlow: Flow = Weight (O,0)* O + Weight (B,D)*B
LineLoss: Loss = Weight (O,0)*O + Weight (B,D)*D
Weight: 1 = Weight (0,0) + Weight (B,D)

Instead of nodes (A,C) and (B,D), the solver uses origin (O,0) and node (B,D) to derive the loss.
Obviously, there is an overstatement of the transmission loss, which is indicated on the above
graph as CircuitError.

2.3 How does the NEMS handle NPL?

The root cause of NPL lies in the employment of non-adjacent nodes to calculate the loss.
Therefore, the NEMS mitigates this problem by reducing the solution range. Its methodology is:

o Step 1: The solver checks for the presence of non-adjacent nodes whose weights are both
greater than zero. If any pair is found, it indicates a possible NPL case.

e Step 2: The solver calculates the CircuitError on each transmission circuit.
e Step 3: The solver sums all of the circuit errors into the total error, called SysError.

e Step 4: The solver checks whether the SysError is within the allowable tolerance. If it is, it
ignores the error and produces the results. Otherwise, it proceeds onto Step 5.

Lu Fei Yu Page 8 of 22



Es

Energy
Market
Company

Non-Physical Loss Handling
A Market Clearing Engine Study of the NEMS

Step 5: The solver narrows the solution range for each circuit into the intersection of original

range and [(LineFlow — SysError), (LineFlow + SysError)]. All of the constant nodes within
this range are kept, while the outliers are removed.

Loss{MW)

Y

SysError

New Solution Range —»

Step 6: The solver solves the case again and begins again at Step 1.

In the case where an accurate solution can only be found after many iterations, the NEMS
adopts a compromise between accuracy and performance. If the SysError is less than a certain
threshold’ or the iteration goes up to a certain number?, the iteration will not carry on. Instead,
the current result will be reported as acceptable.

A more detailed procedure of NPL handling is described in the Market Rules, as shown in

Appendix A.

! 10MW, in the current setting of the MCE.

220 times, in the current setting of the MCE.
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3.0 Case Study

3.1 Simulation in offline environment

To study the process of the NPL handling, a negative price case was created in an offline
environment for Period 10 on 6 October 2003. A rerun was conducted with the Raw Result flag
turned on so that the detailed results of each iteration could be retrieved.

As expected, the NPL process was triggered as demonstrated by the Message Log:

-l=x]

&action_code=+

=] @ |uis >

Message Type:[al

a2 a0

Run Type: Rerun

Text
Sep06:P11:Run complete: 1 period(s) processed. Status: Conditional

Rerun finished: Notification Sent to Sonic

Sep06:P10:5: Ignoring non-physical losses within tolerance, SysError=3.8
Sep(6:P10:5:: Constraint ' INTERTIE_OUTPUT_LIMIT' references branch nat in LP
Constraint INTERTIE_INPUT_LIMIT' references unit not in LP

No observed reactive pawer flow available for 2 branches
solutien exhibits non-physical losses, SysError=20.7

Constraint INTERTIE_CUTPUT_LIMIT' references branch nat in LP
Constraint INTERTIE_INPUT_LIMIT' references unit not in LP

No observed reactive pawer flaw available for 2 branches
solutien exhibits non-physical losses, SysError=49.0

Constraint INTERTIE_CUTPUT_LIMIT' references branch nat in LP
Constraint INTERTIE_INPUT_LIMIT' references unit not in LP

Sep06:P10:3
Seple:p10

Sep06:P10:3::Na observed reactive pawer flaw available for 2 branches
Sep06:P10:2iiSolution exhibits non-physical losses, SysError=62.3

Sep06:P10:2:: Constraint ' INTERTIE_CUTPUT_LIMIT references branch nat in LP
Sep06:P10:2:: Constraint ' INTERTIE_INPUT_LIMIT' references unit not in LP
Sep06iPLOZiiNo observed reactive power flow available for 2 branches
Sep6:P10:1:: Salution exhibits non-physical losses, SysError=150.2

Sep06:P10:1:: Constraint ' INTERTIE_CUTPUT_LIMIT references branch nat in LP
Sep06:P10:1:: Constraint INTERTIE_INPUT_LIMIT' references unit not in LP

Sep06:PL0IL:iNo observed reactive power flow available for 2 branches
Sep06:P10;:Demand figures for period 2003-Sep-06 P10 created earlier than beginning of prior period

Sep0&:P10::No current EMS very short term load forecast file available for 2003-Sep-06 P10, Using EMS short term load
forecast file instead.

Sep0&: P10 Facility ‘TUASPOW
Sep0&:PL0: Facility 'POWSERY :
Sep06:PL0: Facility 'POWSERY :

STAGEL : TUA G1' output at or below regulation minimum, regulation offer ignored
STAGE3 : SER GO autput at or below regulation minimum, regulation offer ignored
STAGEZ : SER G5’ autput &t or below requlstion minimum, regulation offer ignared
Sep06:P10; Faciity 'POWSERY ; STAGEZ : SER G4 autput at or below regulation minimurm, regulation offer ignored
Sep(6:P10; Faciity 'POWSERY : STAGEL : SER G1' output at or below regulation minimurm, regulation offer ignored
Sep06:P10::Using cannectivity horizan older than NS LIFETIME threshold

Sep06:PL0: iProcessing period 2003-52p-06 PLO

Sep06:P10::Sourcing generatar outputs from prior period dispatch

Sep06:P10: No current EMS network status file available

Host: EMCPMC10

Solver version 3.1.5

Run 1D CO53559E67964B1 6E0303309010AEDES

Request to start solver sent to queus NEM.AQ_MC_RUN_INIT_Q: parameters:
C953559E67964B16E0303309010AEDES [EMCINVES

MC Manual Run submitting COS3559E6798481 6E0303309010AEDES

Submitting BEGIN nem$me_runs.start_MC_run{'RER','06-SEP-03','10,'06-SEP-
0%,10°,/M','0','",'CEOAES 1 EF4542F42E0303 3090 10AE00D', Manual Run
1065760386779','C953559E67924B 16030330901 0AEDER"); END;

Start H HE e &= H B Henry - Microsoft. .,

| 1 1080

Message Log - Microsoft Internet Explorer provided by EMC IT Corporate

Fle Edt Wew Favorites Tools Help

=ik - = - @ [ A | Qoearch GgFovortes Fiveda (BN S H-EH 7 F 6 &

address [{€] hitp:1/10.1,9.56inem/serviet/com.sem. e curl. MarketClearingtessageLogController. srvrun_ig=C E
Market Clearing Run Identifier: C953559E67964B16E0303309010AEDEG
Market Clearing Run Date: 06 Sep 2003
Run Commencement Date/Time: 10 Oct 2003 18:06
Message Date Severity Execution Step
10 Oct 2003 18:15:31 I DISPATCH
10 Oct 2003 18:15:31 I NEM§MC_RUNS SEND_PUBLISH_SUBSCRIBE_MSG
10 Oct 2003 18:15:19 I DISPATCH
10 Oct 2003 18:13:52 I DISPATCH: FORMULATE LR SETUP CONSTRAINTS
10 Oct 2003 18:13:52 I DISPATCH: FORMULATE LP::SETUP CONSTRAINTS
10 Oct 2003 18:13:52 I DISPATCH: FORMULATE LP::SETUP BRANCHES
10 Oct 2003 18:113:51 I DISPATCH
10 Oct 2003 18:12:19 I DISPATCH: FORMULATE LPi:SETUP CONSTRAINTS
10 Oct 2003 18:12:19 I DISPATCH: :FORMULATE LP:SETUP CONSTRAINTS
10 Oct 2003 18:12:19 I DISPATCH: FORMULATE LP::SETUP BRANCHES
10 Oct 2003 18:12:18 I DISPATCH
10 Oct 2003 18:10:37 I DISPATCH: FORMULATE LPi:SETUP CONSTRAINTS
10 Oct 2003 18:10:37 I DISPATCH: :FORMULATE LP:SETUP CONSTRAINTS
10 Oct 2003 18:10:36 I DISPATCH: :FORMULATE LP::SETUP BRAMCHES
10 Oct 2003 18:10:36 I DISPATCH
10 Oct 2003 18:08:56 I DISPATCH: FORMULATE LP::SETUP CONSTRAINTS
10 Oct 2003 18:08:56 I DISPATCH: :FORMULATE LP::SETUP CONSTRAINTS
10 Oct 2003 18:08:56 I DISPATCH: FORMULATE LPiiSETUP BRANCHES
10 Oct 2003 18:08:55 I DISPATCH
10 Oct 2003 18:07:05 I DISPATCH: FORMULATE LP::SETUP CONSTRAINTS
10 Oct 2003 18:07:05 I DISPATCH: :FORMULATE LP::SETUP CONSTRAINTS
10 Oct 2003 18:07:05 I DISPATCH: FORMULATE LPiiSETUP BRANCHES
10 Oct 2003 18:07:04 I DISPATCH: PREPARELOADFORECAST
10 Oct 2003 18:07:04 W DISPATCH: PREPARELOADFORECAST
10 Oct 2003 18:07:04 I DISPATCH: WALIDATEREGULATIONSUBMISSIONS
10 Oct 2003 18:07:04 I DISPATCH: WALIDATEREGULATIONSUBMISSIONS
10 Oct 2003 18:07:04 I DISPATCH: WALIDATEREGULATIONSUBMISSIONS
10 Oct 2003 18:07:04 I DISPATCH: WALIDATEREGULATIONSUBMISSIONS
10 Oct 2003 18:07:04 I DISPATCH: WALIDATEREGULATIONSUBMISSIONS
10 Oct 2003 18:06:36 ' DISPATCH::GET NETWORK DATA
10 Oct 2003 18:06:36 I DISPATCH
10 Oct 2003 18:06:36 I DISPATCH: PREPARING RUN:: GETDATASOURCES
10 Oct 2003 18:06:36 W DISPATCH: PREPARING RUI ETDATASOURCES
10 Oct 2003 18:06:35 I DISPATCH::PREPARING RUN
10 Oct 2003 18:06:35 I DISPATCH: PREPARING RUN
10 Oct 2003 18:06:34 I DISPATCH::PREPARING RUN
10 Oct 2003 18:06:32 I NEM§MC_RUNS SUBMIT_RUW_MC_REQUEST
10 Oct 2003 18:06:31 I NEM§START_MC_RUN
10 Oct 2003 18:06:31 I RUN PROCEDURE

|&] one

[ ][5 [@ mernet
Miiew 6.5 ||€]Message Log - .. ‘0&@@(&\4!}! 620 PM

| & Market Clearing ... | AN |

By reading the raw results from each iteration, the SysErrors in the multiple iterations can be

summarised in the table:

Iteration SysError (MW)

1 150.2

82.3

49.0

20.7
3.8

(Wi

Lu Fei Yu
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A branch that bore non-physical loss (A.RAJH-X : 230 : FHV-TF1) was observed as follows:

INVES environment DPR, P10  6-Sep-03 I SysError NewBound FinalResult
ARAJR-X: 230 FHV-TF where = {flow — SysError, flow + SysError}
1 J
Line Rating X R 1 2 3 4 5 6 7 8 9 Result
A-RAJH-X: 230 : FHV-TF1 500]  -0.007649 0.00018|FLOW -500 -375] _-250 -125 0 125 250 375 500 143.378
LOSS 0.45] 0.253125] 0.1125] 0.028125 0] 0.028125 01125 0.253125 045 0.041
Iteration 1 H Weight | 0.335148217 0 0 0 0 0 0 0] 0.664851783
Flow*Weight: -167.5741085 0 0 0 0 0 0 0] 332.4258915| 164.8517829
[ | Loss"Weight: 0.150816698 0 0 0 0 0 0 0] 0.299183302 0.45
2 NewBound: | 14.65178291] 315.0517829 J
Line Rating X R 1 2 3 4 5 6 7 8 9 Result
A-RAJH-X: 230 : FHV-TF1 500]  -0.007649 0.00018|FLOW 0 0 0 0| 1465178291 125 250[ 315.0517829 0 143.378
LOSS 0 0 0 0/ 0.003296651]  0.028125 0.1125| 0.185683256 0 0.041
Iteration 2 H Weight 0 0 0 0| 0.526776742 0 0| 0.473223258 0
Flow*Weight: 0 0 0 0| 7.71821846 0 0| 149.0898312 0] 156.8080497
[ | Loss*Weight: 0 0 0 0[ 0.001736599 0 0[ 0.087869635 0[] 0.089606234
3 NewBound: | 74.5080497] 239.1080497 J
Line Rating X R 1 2 3 4 5 6 7 8 9 Result
A.-RAJH-X: 230 : FHV-TF1 500]  -0.007649 0.00018|FLOW 0 0 0 0| 74.5080497 125| 239.1080497 0 0 143.378
LOSS 0 0 0 0/ 0.016764311]  0.028125] 0.105147934 0 0 0.041
Iteration 3 H Weight 0 0 0 0| 0.535131933 0| 0.464868067 0 0
Flow*Weight: 0 0 0 0| 39.87163669 0| 111.1536968 0 0] 151.0253334
[ | Loss*Weight: 0 0 0 0[ 0.008971118 0[ 0.048879917 0 0] 0.057851035
4 NewBound: | 102.0253334] 200.0253334 J
Line Rating X R 1 2 3 4 5 6 7 8 9 Result
A-RAJH-X: 230 : FHV-TF1 500]  -0.007649 0.00018|FLOW 0 0 0 0] 102.0253334 125] 200.0253334 0 0 143.378
LOSS 0 0 0 0| 0.0229557|  0.028125]  0.0787671 0 0 0.041
Iteration 4 H Weight 0 0 0 0] 0.548509841 0] 0.451490159 0 0
Flow"Weight: 0 0 0 0| 55.96189943 0] 90.30946959 0 0] 146.271369
[ | Loss*Weight: 0 0 0 0 0.012591427 0] 0.035562571 0 0] 0.048153998
5 NewBound: | 125571369 166.971369 J
Line Rating X R 1 2 3 4 5 6 7 8 9 Result
A-RAJH-X : 230 : FHV-TF1 500]  -0.007649 0.00018|FLOW 0 0 0 0 0| 125571369 166.971369 0 0 143.378
LOSS 0 0 0 0 0] 0.028510674] 0.056455674 0 0 0.041
Iteration 5 _ Weight 0 0 0 0 0] 0.56985611] 0.43014389 0 0
Flow"Weight: 0 0 0 0 0] 71.55761192| 71.82171414 0 0] 143.3793261
[ | Loss"Weight: 0 0 0 0 0] 0.016246982[ 0.024284063 0 0] 0.040531045
Lu Fei Yu Page 11 of 22
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It was noted that adjacent nodes were used in the final iteration so as to eliminate the CircuitError on this branch.

However, it is not always true that the iterations narrow down to adjacent nodes, as observed on another branch (A.RAJH-X : 230 : EHV-
TF1).

Lu Fei Yu Page 12 of 22
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INVES environment DPR, P10  6-Sep-03 I sysError NewBound FinalResult
ARAJAH : 230 : EHV-TF 1
where = {flow — SysError, flow + SysError}
1 J
Line Rating X R 1 2 3 4 5 6 7 8 9 Result
ARAJAH : 230 : EHV-TF 1 150 0.17822 0.00107|FLOW -150 1125 75 -37.5 0 375 75 112.5 50| 38.108
LOSS 0.24075] 0.13542188| 0.0601875| 0.015047 0] 0.01504688] _0.0601875] 0.135421875 0.24075] _ 0.024
Iteration 1 ! Weight | 0.3690597 0 0 0 0 0 0 0| 0.63094028
Flow"Weight: -55.358958 0 0 0 0 0 0 0| 94.64104203| 39.28208
| [ Loss"Weight: 0.0888511 0 0 0 0 0 0 0] 0.151898872| 0.24075
2 NewBound: | -110.9179159] 189.4820841 J
Line Rating X R 1 2 3 4 5 6 7 8 9 Result
ARAJAH : 230 : EHV-TF 1 150 017822 0.00107|FLOW 0] -110.91792 75 -37.5 0 375 75 112.5 150 38.108
LOSS 0] 0:13224782| 0.0601875| 0.015047 0] 0.01504688] _0.0601875] 0.135421875 0.24075] _ 0.024
Iteration 2 H Weight 0] 0.42459013 0 0 0 0 0 0] 0.575409871
Flow*Weight: 0| -47.094652 0 0 0 0 0 0| 86.31148067| 39.21683
| | Loss"Weight: 0[] 0.05615112 0 0 0 0 0 0[ 0.138529926 0.194681
3 NewBound: | -43.08317155] 121.5168285 J
Line Rating X R 1 2 3 4 5 6 7 8 9 Result
ARAJAH : 230 : EHV-TF 1 150 017822 0.00107|FLOW 0 0] -43.083172 -37.5 0 375 75 112.5] 121.5168285] 38.108
LOSS 0 0] 0:0217676| 0.015047 0] 0.01504688] 0.0601875| 0.135421875| 0.160747892|  0.024
Iteration 3 H Weight 0 0] 0.5024207 0 0 0 0 0] 0.497579263
Flow*Weight: 0 0] -21.645879 0 0 0 0 0] 60.46425399| 38.81838
| | Loss*Weight: 0 0] _0.0109365 0 0 0 0 0] 0.079984818[ 0.090921
4 NewBound: | -10.1816248] 87.8183752 J
Line Rating X R 1 2 3 4 5 6 7 8 9 Result
A.RAJAH : 230 : EHV-TF 1 150 0.17822 0.00107|FLOW 0 0 0] -10.18162 0 375 75| 87.8183752 o] 38108
LOSS 0 0 0] 0.004085 0/ 0.01504688] _0.0601875| 0.085904365 o 0.024
Iteration 4 H Weight 0 0 0] 0.504665 0 0 0] 0.495334549 0
Flow*Weight: 0 0 0] -5.138314 0 0 0| 43.49947527 0] 38.36116
| | Loss"Weight: 0 0 0] 0.002062 0 0 0 0.0425514 0] 0.044613
5 NewBound: 17.661161 59.061161 J
Line Rating X R 1 2 3 4 5 6 7 8 9 Result
ARAJAH : 230 : EHV-TF 1 150 0.17822 0.00107|FLOW 0 0 0 0| 17.661161 37.5] 59.061161 0 o] 38.108
LOSS 0 0 0 0] 0.0070865| 0.01504688| 0.04100112 0 o 0.024
Iteration 5 H Weight 0 0 0 0| 0.5060183 0| 0.49398169 0 0
Flow*Weight: 0 0 0 0| 8.9368708 0| 29.1751322 0 0| 38112
| [ Loss"Weight: 0 0 0 0[ 0.0035859 0] 0.0202538 0 0] 0.02384
Lu Fei Yu Page 13 of 22
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Though non-adjacent nodes are still presented in the solution, the iterations stopped because the SysError dropped below the threshold of
10MW.
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3.2 An actual case in the NEMS

During the operation of the NEMS, cases of NPL occasionally occur. The most recent case
occurred on 25 January 2004 when the USEP became negative from Period 5 to Period 10,
as illustrated by the screenshot:

@ File Edit Wiew Insert Format Tools Data Window Help  Acrobat

DEEHSE|SRY $BRAR-<| - -8z -BHi @0

Type a question for help

3 &a % A © | (@ B 63 | YeRreply with Changes... End Review...

- @

RS

v - 8 X

Arial 10 ~|B IO s % H- & A,
TE-
N - A -10.03
[ E [T D [ETF[ G [H J I K L [MTHNT o T P T O] R [ 5] T A
Spotem Em primary reserve
retrieval Filter Date Pd|start exe time authorised authorised lime status $LISEF Req Cleared  Deficit| LossMW | Excess reqd E‘J
[ Energy. Rezcrves O dusehorized Only M 25-dan-04 U 24-Jan-04 235502 24-Jan-04 236502 AUTHORISED  24-Jan-04 235802 PASS $h8.48 2985802 2938774 i) 12972 a 2/3E ©
O St Details OLatest Only M 25-dan-04 2 26-Jan-04 002502 25-Jan-04 00:25:02 AUTHORISED  25-Jan-04 00:28:01 PASS $68.47 2900721 2912832 o 12171 a 2B 442
O ¥arsions M| 25-Jan04 3| 25-Jar04 005502 25-Jan-04 00:55:08 AUTHORISED  25-Jarc04 D053.01 PASS | §54.44) 2649743 286167 0 neer 0 218701
D Fick Facters " Sunday M| 25-Jan04 4| 25-Jane04 012502 25-Jan-040125:08 AUTHORISED | 25-Jan-04 0123.01 PASS | $0.00 2809645 2821134 0 48 0 209618
O sk cleared Salution List M| 26-dan-04 & 26-Jan-04 01602 26-Jan-04 016602 AUTHORISED  26-Jan-04 016801 PASS 27BR.BG4 2780387 a 13633 a 2665 :
[ Feeplaced MyAr M| 26-Jan-04 6 26-Jan-04 0226003 25-Jan-04 02:25:03 AUTHORISED  25-Jan-04 02:28:04 PASS 2723863 2740318 o 6456 a 210133
i | »] ¥o[ 70| M 25Jan08 7| 25-Jan-D4 025502 25-Jan-04 025508 AUTHORISED  25-Jan-04 025,01 PASS 26946 2712953 0 a9 0 2nost
day 25-12n-2004 M| 25-Jan0d| 8| 25-Jan-0d 032503 25-Jan-04 03:25:03 AUTHOFISED | 25-Jan-D4 (3:28.02 PASS 260,391 2696110 o B 0 202575 &
run type oPR M| 25-Jan0d| 3| 75-Jan-04 035503 #5-Jon-04 035508 AUTHOFISED  25-Jan-04 (358,02 PASS 2656189 268195 0 1376l 0 202729 :
datsbase emce M| 25-Jan0d| 10| 25-Jan-04 042502 #5-Jon-04 04:75.02 AUTHOFISED | 25-Jan-04 04.26.01 PASS 2671723 2683377 0 TESH 0 199,21
Status Courts M| 26-dan-04 Tl 26-Jan-04 046602 25-Jan-04 046602 AUTHORISED  26-Jan-04 046801 PASS 2631335 2703553 a 12664 a 202366 2
M| 26-dan-04 12 26-Jan-04 0626002 25-Jan-04 05:25:02 AUTHORISED — 26-Jan-04 05:28:02 PASS 2713461 272402 a 10659 a 158,42
Outages M| 25-dan-04 13 26-Jan-04 066502 25-Jan-04 056502 aUTHORISED  25-Jan-04 055801 PASS 2743783 2754 533 o 10,75, a 197.91
M| 25-dan-04 14 26-Jan-04 0B2503  25-Jan-04 08:25:03 aUTHORISED  25-Jan-04 0B:28:01 PASS 2769433 2780 B41 o 1208 a 200832 2
s + M Erives M| 25-Jan0d| 15| 25-Jan-04 065502 25-Jan-04 D:55:02 AUTHOFISED | 25-Jan-04 06:58.05 PASS 2792355 260353 0 nws 0 200567 ¢
tolerance 4| M| 25-Jan0d| 6| 25-Jan-0407:2502  25-Jan-04 07:25:02 AUTHOFISED | 25-Jan-D4 07:28.02 PASS 2042075 2852666 0 men 0 21228
My compare St by price M| 25-Jan04| 17| 25-Jar-D4 075502 25-Jan-04 07:55:02 AUTHORISED  25-Jan-04 07:59.02 PASS 2912062 2324.278 0 22k o 76.272) .
ooo2 M| 25-Jan0d| 15| 25-Jan-0d 06:25:02  25-Jan-04 0B:25:02 AUTHOFISED | 25-Jan-Dd 08:28:01 PASS 00568 302335 0 7z o 716.267)
Price compare Branch Flows M| 25-Jan0d| 13| 25-Jan-0d 085502 #5-Jon-04 035502 AUTHOFISED | 25-Jan-D4 085801 PASS 308365 3103141 0 13491 0 232704 2
s0008 ST Y— M| 25-Jan-04| 20| 25-Jar-D4 032502 25-Jan-0403:25:02 AUTHORISED | 25-Jan-04 03.28.01 PASS | $6266 3163583 317781 0 W8 0 245837 :
| 25-Jan04| 21| 25-Jarr04 095503 25-Jan-040%55:03 AUTHORISED | 25-Jarc04 03.53.01 PASS | §64.77 3223269 3237.967 0 163 0 25157
SNSRI Ry——] M| 25-Jan-04 22| 25-Jan-04 10:25:02 25-Jar-04 2801 PASS | $64.87 3253332 3268407 0 ®BO0S 0 253.03
| 25 | M| 25-Jan04 23| 25-Jan-04 105503 25-Jan-04 105802 PASS | 86457 3254073 3269.063 0 e 0 W15
| 2 | @ Show DPL Fasiities M| 25-Jan-04 24| 25-Jan-0d 1125:02 25-Jar-04 1128:02 PASS | $62.72 3241847 3256.923 0 uE 0 261048
| 27 | M| 25-Jan-04| 25| 25-JaneD4 15502 25-Jsn-04 1:55:02 AUTHORISED | 25-Jan-04 T158.03 PASS | $6271 3230182 324500 0 M8z 0 261092 ¢
| 28 | Price Stack M| 25-Jan04| 26| 25-JaneD4 122502 25-Jan-041225:02 AUTHORISED | 25-Jan-04 1228.01 PASS | $6272 3234854 324385 0 M6 0 61075
| 29 | M| 25-Jan04| 27| 25-Jan04 125502 25-Jan-04 1259502 AUTHORISED | 25-Jan-04 1253.01 PASS | $6271 3241356 3256.363 0“7 0 261047
| 20 | 1| 25-Jan-04 26| 25-Jan-04 122503 25-Jar-04 13:28:.02 PASS | 56450 3241886 3256.934 0 uME 0 261756
reports 1| 25-Jan-04| 29| 25-Jan-04 125503 25-Jan-04 135802 PASS | 56459 3245619 3260663 0 | 0 261701
[rRE— v il £ M| 25-Jan-04 30| 25-Jan-D4 14:25:02 25-Jane0d 4:28:02 PASS | $64.49 323875 3253758 0 00 0 261803 ¢
thelroun Solulion Summary M| 25-Jan04) 31| 25-JaneD4 195503 25-Jan-04 14:55:03 AUTHORISED | 25-Jan-04 53.01 PASS | $64.77 3221186 3235.834 0 M7 0 /I L
spresdhecy M| 25-Jan04| 32| 25-JaneD4 152502 25-Jan-04 15:25:02 AUTHORISED | 25-Jan-04 15.28.01 PASS | $6267 3201863 3216367 0 M504 0 253823 2
Al PCF Data M| 25-Jan-04| 33| 25-Jan-D4 155503 25-Jan-04 15:55:03 AUTHORISED | 25-Jan-D4 15:58.02 PASS | $6267 3183224 3203538 0 M3 1] 256,248 2
M| 25-dan-04 34 26-Jan-04 162503 26-Jan-04 16:25:03 AUTHORISED  25-Jan-04 16:28:01 PASS $R267 318262 3186574 a 14.454 a 256,35
M| 25-Jdan-04 36 26-Jan-04 166%03  26-Jan-04 16:65:03 AUTHORISED  25-Jan-04 16:68:01 PASS  $R267 JIB1E 3196.986 a 14386 a 266363 2
warnings  DAR WaR M| 25-Jan-04 36 26-Jan-04 172502 26-Jan-04 17:25:02 AUTHORISED  25-Jan-04 17.28:01 PASS $E267  3181E55 3186073 o 4424 a 254125 L
M| 25-Jan-04 37 26-Jan-04 775503 26-Jan-04 17:565:03 AUTHORISED  25-Jan-04 17.58:02 PASS $R4.78 3210933 3225696 o 4763 a 2565928 ¢
EGD | ForecastChart M| 25-Jan-04) 38| 25-Jane04 182502 25-Jan-0418:25:02 AUTHORISED  25-Jan-04 18.28.01 PASS | $65.00 3304066 3719588 0’52 0 262828 ¢
1| 25-Jan-04| 39| 25-Jan-04 185502 25-Jar-04 185802 PASS | SES.77 3421759 437.557 0 1’39 0 266409 ¢
Gen Conrectivity|  Check USEP M| 25-Jan-04 40| 25-Jan-04 19:25:03 25-Jan04 192801 PASS | 366,58 3487.459 3504675 0 26 0 LB Z
M| 25-Jan0d| 41| 25-Jan-D4 195502 25-Jane0d 19.58:02 PASS | $63.88 3506106 3523156 0 TwOS 0 263,118
eyt BER (Elnet UAFS M| 25-Jan-04) 42| 25-Jar-04 202502 25-Jan-0d 20:25:02 AUTHORISED | 25-Jare0d 20:28:01 PASS | $66.03 3677241 3434.241 0 17 1] 265238 I
M| 25-Jan-04| 43| 25-Jar-D4 208502 25-Jan-04 20:55:02 AUTHORISED | 25-Jar-04 20.58.01 PASS | $65.33 3462524 3473201 0 B67T 0 65849 2
M| 25-Jan0d| 44| 25-Jan-0d 212502 25-Jan-04 2175.02 AUTHORISED  25-Jan-Dd 2120.02 PASS | $6567 344051 345716 0 6604 0 266,191
M| 25-dan-04 46 26-Jan-04 216503 26-Jan-04 2165:03 AUTHORISED  25-Jan-04 2168:01 PASS $66.41 3384366 34005673 a 16213 a
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Taking Period 7 as an example, when the lowest price was observed, the dispatch results
were as follows:

¢} View_v7.3.3xls =l=]x]

@ Ele Edit Wiew Insert Format Tools Data Window Help  Acrobat Type aquestion for help |~ = & X
DEeEaf SRY | $BR-C v-o- &= -[B8 5l [H_j,@?o% v@). it % 4T 8| @ % g | YReply with Changss... End Review..,

crosoft Excel

Arial ~10 -|B I U B €%, W% e A L
CR19 - 13
& [ D € N T Y | R [Cs [ Cr [ CU [Cv| Cw [CR|CY|CZ[DA[DBIDC| D4
[T 25-Jan-2004 02:55:03 regulation primary secondary |E3RtiAgeREs —
Gonpare2
] Comparz | Eoreme2 | comsas cone
2| date  pd facility mnn_|cleared |[cleared _[icleared ||cleared _|cleared
[ 3] 25-Jan0d4 7 AGCSKCG: SAKRA: SkKRaG1 -$9.93] 240 10 34.8 44.4 9r.2r9
25-Jan-04 7 AGCSKLCG : SAKRA: SKRA G2 -$9.93] 240 10 4.8 44.4 97.27a
[ 6|  25-Jan04 7 EMV:SNKO: GEMRT -$10.03] 10 q a 0 a
[ B |  25-Jan-0d4 7 ENV:TUAS: GENRT 410,01 10 q a [ a
| 7|  25-JanD4 T ENV:TUASSTH: GENRT -$10.00] 1953 q a U a
[ 8| 25-JanD4 T ENV:ULP:GEMR -$10.02| 7l a 1) ) a
[ 3| 25-Ja04 T INTERTIE : UNIT: ONE -$3.98] a a 1) ) a
|10 | 25-Jan04 7 INTERTIE : UNIT: TWO -$2.98 g q o [i 0
|11 |  25-Jan04 7 POWSERY: CCF S1: SERCCF 2,34 243 1 0 Ell 20
T 25-Jan-04 7 POWSERY: CCF 51: SEACCFZ -$3.34 243 1 1 il 20
| 18|  25-Jan04 7 POWSERY.GT:SERGTI 1001 g g o [i 0
[ 14 | 25-Jan04 7 POWSERY:GT:SERGT2 -$10.M q q a 0 a
[ 15 | 25-Jan04 7 POWSERY: JPSI: JURGTI -$9.99] q q a 0 a
[ 16 |  28-Jan-04 7 POWSERY:JPSI: JURGT2 -$9.99] q q a 0 a
[ 77| 28-Jan-0d4 7 POWSERY:STAGE1: SERG1 -$3.96] q q a [ a
[ 18|  25-JanD4 7 POWSERY:STAGE!: SER G2 -$3.96] a a 0 | a
[ 18|  25-JanD4 T POWSERY:STAGE!: SERG3 -$3.97| a a 1) ) DI .I
[20|  25-JaD4 T POWSERY:STAGE2: SER G4 -$3.97| a a 1) ) a
| 21|  25-Jan04 7 POWSERY . STAGEZ: SER G5 -$2.97 q q o [i 0
7| | Z5-Jan04 7 POWSERY . STAGEZ: SEF 56 42,97 127 7 14 T 20 b
| 23|  25.Jan04 7 POWSERY. STAGE: SER 57 -$2.35 127 7 E| 1 20
| 24|  25.Jan04 7 POWSERY. STAGE3: SEF 58 -$2.35 127 7 E| 1 20
[ 25|  25-Jan04 7 POWSERY:STAGE3: SERGY -$9.96] q q a 0 a
| 2 25-Jan-04 7 POWSHKKO: CCP S1: SNKCCP1 -$9.99] 200( g a 0 45
[ 27 | 28-Jan-0d4 7 POWSNRO: CCPS1: SNKCCP2 -$3.99] 200| g a [ 45
[28 |  25-Jan-04 7 POWSNKO: CCPS3: SNKCCP3 -$3.94] q q a [ a
[23|  25-JaD4 T POWSNKD:LBDR:LBDGTI -$10.00] a a 0 | a
[ 30|  25-JanD4 T POWSNKD:LBDR:LBDGT2 -$10.00] a a 1) ) a
[ 31|  25-Jan-04 7 POWSNKD: STAGEZ: Shik G4 -$3.94] 122 2| 13 ) 18
| 32|  25-Jan04 7 POWSNKO: STABEZ: SNIKES -$2.93 123 E 13 12.454 6.308
33|  25Jan04 7 POWSNKO: STABEZ: SNKGS 42,93 q q o [i 0
| 38|  25.Jan04 7 POWSNKO: STABE3: SNKB7 -$2.93 g g o [i 0
[ 35| 25-Jan-04 7 POWSNKO: STAGE3Z: SNKGE -$3.99] 122) 2 4.378| 0 a
[ 36|  25-Jan0d4 7 TUASPOW : STAGET: TUAG1 -$9.97] 198) 1 27.067| 29.6| 42
[ 37| 25-Jan-0d4 7 TUASPOW : STAGET: TUA G2 -$9.97] q q a 0 a
38|  25-Jan-04 7 TUASPOW: STAGEZ: TUASCCP1 -$3.96] 183 3 35.867| 26| el
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It was the unit ENV : TUASSTH : GENR1 that set the marginal price at (-$10/MWh).
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The message log for this period said that NPL was observed and four iterations were
conducted as a result.

EQ Microsoft Excel - Mview_v7.3.3.xls _|=|x]
@ Ele Edit Wiew Insert Format Tools Data Window Help  Acrobat Type aquestion for help |~ = & X

3 #a%a i @ ¥ | @ 9 6 | veReply with Changss... End Review...
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- A 01/25/2004
B TCT D [ETFI G [HI | T J T K T L M n [ o [ P [ R [ 5 T T [ a
]

Messages for 25-Jan-2004 Period 7 Schedule Start: 01/25/2004 2:55:03 AM

|

— |

01/25/2004 2:55:02 AM I Run ID D1AF12E0AG074ASTEN30330A010AFDES -
01/25/2004 2:535:02 AM T Starting Market Clearing Run, PL3CL procedure nem$me_runs. start_MC_run, concurrent ¥

01/25/2004 2:55:02 AM I Submitting BEGI nem®me_runs. start_MC_run{ DEFR!, trunc(get_next_period), date_to_period(get_next_period), trunc(get_next_period), date_to_period
(get_next_peniod), M, 0, 1" mull, 'automatic run','D1AF12E0A5014A97E030330A010AFDBE"Y, END,

01/25/2004 2:55:02 AWM I MC Aute Run submitting D 1AF 12E0A6074A97E030330A010AFDBE

01/25/2004 2:55:02 AN I Request to start solver sent to quene NEM AQ C RUN _IMIT O parameters: D1AF12E0A6074 A57E02033040 10AFDBEGEMCT

01/25/2004 2:55:02 AM I Batch Job Market Clearing Run, FLSQL procedure nem$mc_runs.start_MC_run, concurrent ¥ completed in .37 seconds

01/25/2004 2:55:03 AWM T Selver version 3.5.1

01/25/2004 2:55:03 AW T Host: EMCPMC11

01/25/2004 2:55:04 AW T Jan25F7: Processing period 2004-Jan-25 P7

01/25/2004 2:55:07 AWM I Jan25P7: Mo current loading available for SCADA umt INTERTIE : SCADA : ONE

01/25/2004 2:55:21 AWM I Jan25P7:1: Mo observed reactive power flow available for 2 branches

01/25/2004 2:55:21 AWM I Jan25P7:1:Constraint TTTERTIE INFUT LIMIT' references unit notm LP

01/25/2004 2:55:21 AWM I Jan25P7:1:Constramt TTTERTIE_OUTPUT_LIMIT' references branch notin LF

01/25/2004 2:55:23 AW I Jan25P7:1:Solution exhibits nen-physical losses, SysError=89.5

01/25/2004 2:55:23 AWM I Jan25P7.2: Mo observed reactive power flow available for 2 branches

01/25/2004 2:55:23 AW I Jan25P7.2:Constraint TTTERTIE. INFUT _LIMIT' references unit not n LP

01/25/2004 2:55:23 AW I Jan25P7:2::Constraint TNTERTIE_OUTPUT_LIMIT' references branch not in LP

01/25/2004 2:55:24 AW T Jan25:P7:2:Solution exhibits nen-physical losses, SysError=56.4

01/25/2004 2:55:24 AW I Jan25P7.3: Mo observed reactive power flow avalable for 2 branches

01/25/2004 2:55:25 AW I Jan25P7.3:Constraint TTTERTIE_INFUT_LIMIT' references unit not n LP

01/25/2004 2:55:25 AWM I Jan25P7:3:Constraint TNTERTIE_OUTPUT_LIMIT' references branch notin LP

01/25/2004 2:55:26 AW I Jan25:P7:3:Solution exhibits nen-physical losses, SysError=27.0 b
01/25/2004 2:55:26 AWM I Jan25P74: Mo observed reactive power flow avalable for 2 branches

01/25/2004 2:55:26 AW I Jan25F74::Constraint TNTERTIE_INFUT_LINMIT" references unit not m LP

01/25/2004 2:55:26 AW I Jan25P74:Constraint TWNTERTIE_OUTPUT_LIMIT' references branch notin LP

01/25/2004 2:55:27 AW I Jan25P7 4 Ignoring non-physical losses within tolerance, SvsError=6.4

01/25/2004 2:55:35 AWM T Starting Advisory Creation

01/25/2004 2:55:35 AW I Finishing Advisory Creation

01/25/2004 2:55:35 AWM I Dispatch Run finished: Notification Sent te Sonic

01/25/2004 2:55:35 AWM T Aute Approval Scheduled for 25 Jan 2004 02:58 (D1AF12F40CEIE0Z1E030330A010AE2F6)

01/25/2004 2:55:35 AWM I Jan25P8:Run complete: 1 period(s) processed. Status: Successful
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The iterations stopped at the fourth round, because the SysError went below 10MW, which
was the pre-defined threshold. Despite that, Period 7 was still observed to have the highest
transmission loss on the day, due to the non physical loss.

3.3 Conclusion

With four iterations in this real-time dispatch run of the case study, the solver took about 33
seconds to complete. Compared with the 22 seconds taken by the DPR for Period 11 when
only a single iteration was required, the performance of the solver was still comparable.
Hence, there may be an incentive to further lower the threshold if NPL is triggered frequently.
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4.0 Recommendation

With the current occurrence of NPL as 0.03% to date® (as of 31 July 2004), it is not cost
effective to adjust the threshold value, taking into consideration the resources needed for
User Acceptance Testing in both IT and Market Operations. However, should the NPL
occurrence increase above 0.3%, i.e., to an average of once a week, it would trigger a
proposal to update the SysError parameter so as to achieve a more accurate result.

® The occurrences of NPL since the market started on 1 January 2003:
. 3 January 2003, Period 10 ~ 11
e 25 January 2004, Period 5 ~ 10
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Glossary
LP, linear programming

MCE, market clearing engine
The software used in the NEMS to discover dispatch schedule and prices.

NEMS, National Electricity Market of Singapore
The Singapore electricity market.

NPL, non-physical loss
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Appendix A Market Rules
The Market Rules has a dedicated section for the handling of NPL, as extracted below:
Section D: Post-processing

D.22 Loss Calculation Correction

D.22.1 The procedure set out in this section D.22 shall be carried out whenever the
conditions specified in section D.22.2 apply, except in the cases described in
sections D.22.1 to D.22.13.

D.22.1.1  If the value of SysError calculated in accordance with section D.22.4 is
less than the system loss error tolerance established by the EMC
pursuant to section D.22.2, then the EMC may accept the current linear
program solution and use the results for the dispatch period in the
relevant real-time dispatch schedule, short-term schedule, pre-dispatch
schedule or market outlook scenario.

D.22.1.2 If the number of repetitions of the procedures in this section D.22, in
respect of a particular dispatch period and particular real-time dispatch
schedule is equal to the maximum number of iterations for the loss
calculation correction established by the EMC pursuant to section D.22.2,
then the EMC may halt the process and the provisions of Chapter 5
section 9.1.2.2 and Chapter 6 section 9.3.2B shall apply.

Explanatory note: This is the case where the market clearing engine has failed to find a
correct solution within the allotted time, and the incorrect solution is not good enough to send
to the AGC system. Instead the PSO will manually dispatch the power system, and the
prices will be calculated ex-post by the EMC, which will have more time for the MCE to run to

an acceptable solution.

D.22.1.3 If the number of repetitions of the procedures in this section D.22, in
respect of a particular dispatch period and particular short-term schedule,
pre-dispatch schedule or market outlook scenario, is equal to the
maximum number of iterations for the loss calculation correction
established by the EMC pursuant to section D.22.2, then the EMC may
accept the current linear program solution and use the results in the
relevant short-term schedule, pre-dispatch schedule or market outlook
scenario.

D.22.1.4 The EMC shall establish and publish, prior to the market commencement
date, and may thereafter from time to time update and re-publish as
required, values for the system loss error tolerance and maximum
number of iterations for the loss calculation correction.
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D.22.1.5 If any of the violation variables ExcessLineFlowForwardy,
ExcessLineFlowReversey DeficitLineFlowWeighty or
ExcessLineFlowWeight has a value greater than zero then the EMC
need not carry out the procedures in this section D.22.

D.22.2 After each solution of the linear program specified in section C, the variables
Weight,; will be examined. Subject to section D.22.1, if the condition in section
D.22.2.1 is false for any of the pairs of non-adjacent weights on a single dispatch
network line, then sections D.22.3 to D.22.5 shall apply.

D.22.2.1  Weighty; =0 or Weighty; =0
{k, j,i| j,i € DISCRSUB, ,where k € LINESi > j +1}

D.22.3 The total erroneous losses in the solution are calculated by the following formulae:

ActuaILoss.k = LineLossCmst, .
k,i

LineFIowk - LineFIoowstk i

LineFlowCamst, . - LineFlowCmst, .
k,i+1 k,i

X (LlneLossCmsth L1 LlneLossCmstk1 i)

+

CircuitError, =LineLoss, — ActualLoss,

I,k|i € DISCRSUB, ,where k € LINES,
_ jl j < N(DISCRSUB, ),
- LineFlowConst,; <LineFlow,

SysError= " CircuitError,

keLINES

D.22.4 The set DISCRSUB shall be redefined for each line in the dispatch network. For
each keLINES, the outer points of the line loss function in the forward and reverse
directions shall be adjusted in the following manner:

D.22.4.1 Forward direction limit:
{i|i € DISCRSUB, , where k € LINES, i = Max( j| LineFlowConst, ; <LineFlow, +SysError)}
If i is the final point, then the forward direction limits shall not be adjusted,

Otherwise:
Discard jeDISCRSUBy where j>i
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Define new values:
LineLossConst, ;,, =
LineLossConst, ;
LineFlow, +SysError - LineFlowConst, ;
LineFlowConst,,, - LineFlowConst,
X (LineLossConstkM — LineLossConst, )

LineFlowConst, ;,, =LineFlow, + SysError
where:

LineFlowConst j+1 and LineLossConsty .1, where they appear in the right hand side
of the first equation, refer to values from the linear program that has just been solved,
whereas the parameters on the left hand side of the two equations refer to new
values of the these parameters.

D.22.4.2 Reversedirection limit:

{i|i € DISCRSUB, , where k € LINES; i = Min(j| LineFlowConst, ; >LineFlow, —SysError)}
If i is the first point, then the reverse direction limits shall not be adjusted,
Otherwise:

Discard je DISCRSUBy where j<i

Define new values:
LineLossConst, ; , =
LineLossConst, ;
LineFlow, —SysError - LineFlowConst, ; —
LineFlowConst, ;, - LineFlowConst, ;
X (LineLossConstk]i_1 — LineLossConst, )

LineFlowConst, ; , = LineFlow, —SysError
where:

LineFlowConsty ;.1 and LineLossConsty .1, where they appear in the right hand side of
the first equation, refer to values from the linear program that has just been solved,

whereas the parameters on the left hand side of the two equations refer to new
values of the these parameters.

D.22.5 Following the calculation of input data described in sections D.22.2 to D.22.4, the
linear programme described in section C shall be resolved.
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