Help for NEMConstraints OpenPLEXOS assembly
Last update: 25/10/2017
General: This assembly is designed for including the AEMO released NTNDP constraint workbooks in PLEXOS simulations. 
Part 1. OpenPLEXOS Assembly
Released OpenPLEXOS assembly would be compiled as a DLL file. It can be copied to any location of the local disk. User should register this assembly in PLEXOS model by adding it in model setting as shown in Fig. 1. The location of the assembly should be specified in [Filename].
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Fig. 1. PLEXOS setting to register OpenPLEXOS assembly.
PLEXOS could support multiple customised assemblies. Therefore, the NTNDP module can be used with other user defined OpenPLEXOS assemblies.
During simulation, all the OpenPLEXOS assemblies will be loaded and log info will be provided.
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Fig. 2. Log information of OpenPLEXOS assembly loading.
Part 2. NTNDP Interface
To load the NTNDP constraint workbooks and add more customized input options, an XML file was created associated with this OpenPLEXOS module, named as “NTNDP.XML”, where the constraint workbook locations are saved and some other options are defined. 
NTNDP.XML must be put in the same folder as the PLEXOS model. Otherwise PLEXOS will fail to load the files. 
A user interface was provided to assist users to modify the XML file as well. It is named as “NTNDP_XML.exe”. 
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Fig. 3. General Settings tab.
Tab: General settings
This part is used to locate and validate the constraints workbooks. 
1. Switch [Use parent path]: Please select this box if you would like to use relative path.
2. Field [Browse parent path]: Please browse/enter the parent path of your excel workbooks. 
3. Field [FilePath]: Please put the file path for the constraints workbook. If you are using parent path, the file path will be [Parent Path] + [FilePath].
4. Field [Enabled]: Please select this box if you would like to include this workbook in your simulation.
5. Field [TimeSlices]: Please fill the name of the 'Time Slices Explanation' worksheet in the particular workbook. Note: from NEMConstraints version 1.0.2, this is no longer required; time slices must be defined directly in the PLEXOS model. 
6. Field [ConnectionPoints]: Please fill the name of the 'Connection Points Explanation' worksheet in the particular workbook. Based on information from AEMO, each connection point is a set of generators, which forms part of the LHS or RHS terms of the constraints in the workbook.
7. [bookmark: OLE_LINK1]Field [Constraints]: Please fill the name of the 'Constraint Summary' worksheet in the particular workbook.
8. Switch [Enable NTNDP constraints check] is used to turn on/off the NTNDP module. User can quickly turn off the assembly without unregister the assembly in PLEXOS model. 
9. [Free iterations before fix] is used to fix the previous dispatch and force the iteration rolling to following periods. This algorithm is proposed to speed up the simulation and it starts right after the [Free iterations before fix]. Suggestion: “0”. E.g., if this value is 4, this means 4 iterations will be done before we fix the periods before which there are no violated constraints.
10. [RHS Absolute Tolerance] is used to fuzzy the enforcement of constraints by setting a tolerance in the constraint equation. If the value is 1, the constraint will not be counted in the violated constraints list when LHS - RHS <= 1 (we assume the constraint sense is <=). 
11. [RHS Relative Tolerance] is used to fuzzy the enforcement of constraints by setting a tolerance in the constraint equation. If the value is 0.01, the constraint will not be counted in the violated constraints list when LHS – RHS <= 0.01 x RHS or LHS - RHS <= [RHS Absolute Tolerance] (we assume the constraint sense is <=).
12. Switch [Enforce in Lookahead] is used to turn on/off formulating constraints in lookahead periods.
13. Switch [Enable cycling check for MT/ST] and [Cycling iterations] are designed for some model where, in particular steps, the simulation will fall into a cycling iteration without convergence. Assembly will detect this and end the step after the [Cycling iterations]. Suggestion: “Unchecked” for MT, “Checked” for ST and “3” as tolerance. Cycling can appear in many forms. For example, if in iteration i only constraint #1 is violated at period 4 with violation 2, and the same pattern also appears in later iteration j, k, and l. When the OPF iteration goes to iteration l, we know there is a cycling pattern that repeats 3 times. As [Cycling iterations] = 3, we start monitoring the total violation. When the total violation decreases to a known minimum we mark all the violated constraints in the cycling. In the following OPF iterations, the marked constraints will not be checked or updated.  Note that we might still mark the cycling constraints when the actual cycling repeat is 1. E.g., if the sequence of the cycling patterns is ABCBCDEDEFGFG…A we will terminate the cycling at an early stage. Therefore, the reported cycling number might be any value >= 1, even [Cycling iterations] is set to 3. 

Tab: Scenarios
This part is a customized function for some advance users who want to include different patterns of constraints in different simulation models. If the released NTNDP constraint workbook has no scenarios defined, please modify the 'Constraint Summary' worksheet and put your scenarios in a new column between columns ‘Constraint’ and ‘Description’.
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Fig. 4. Scenarios tab.
1. [bookmark: OLE_LINK2]Switch [Enable Scenarios] is used to turn on/off the scenario support. If you do not use scenarios in your constraint worksheet please untick this flag.  Otherwise, only scenario enabled constraints will be included in simulation. 
2. Button [Clear scenario list] is used to clear all the scenarios in the ‘scenario list’.
3. Button [Get scenarios from workbooks] is used to collect all the user defined scenarios from the workbooks declared and enabled in Section 1.1.
4. Switch [Included]: Please select this box if you would like to include this scenario in simulation. 
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Fig. 5. Diagnostics tab.
Tab: Diagnostics
This part contains most of the diagnostic flags and settings. User can change these settings according to their simulation models. 
1. Switch [Create input diagnostic file] is used to turn on/off printing input diagnostic file, which is an XMl file saved in the model solution folder, containing information of all the loaded NTNDP constraints. It contains the constraint name, time slice and scenario as shown in Fig. 6.
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Fig. 6. Input diagnostic opened in report viewer.
2. Switch [Create output diagnostic file] is used to turn on/off printing output diagnostic file, which is an XMl file saved in the model solution folder, containing information of all the binding constraints. It contains the binding time, constraint name, time slice, violation, cost and defined RHS value as shown in Fig. 7.
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Fig. 7. Output binding constraint diagnostic opened in report viewer.
3. Switch [On-screen diagnostic of constraint loading] is used to turn on/off on-screen log for the constraint check. If it is turned on, a validation will be performed for each constraint and warnings will be generated if there are term definitions missing or mismatched. All the missing terms will be ignored from the constraint equation in simulation.
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Fig. 8. Example of constraint validation with on-screen log enabled.
4. Switch [Create RHS Constant input diagnostic file] is used to turn on/off printing input diagnostic file for RHS Constant loading. It contains both the RHS expressions from the worksheets and the code. This function can be used to check the correctness of the loaded RHS constants. 
5. Switch [Report line flow limit constraints] is used to turn on/off adding and writing Line properties [ExportConstraintId] and [ImportConstraintId] to PLEXOS. This feature has been added since version 1.0.1.
6. Switch [Add interval solution to PLEXOS] is used to turn on/off writing interval solution to PLEXOS.
7. Switch [Add summary solution to PLEXOS] is used to turn on/off writing summary solution to PLEXOS. 
8. [RHS Constant output diagnostic Step from] is the first step the RHS Constant output diagnostic will be writing.
9. [RHS Constant output diagnostic Step to] is the last step the RHS Constant output diagnostic will be writing.
10. Switch [Constraint Enforcement Diagnostic] and ‘Single constraint diagnostic list’ are proposed for user to debug some particular constraint during given time period. Please fill the constraint name and enable it in the list. [Date from] and [Date to] are also required to specify the time duration. A text file will be generated for each iteration including the constraint enforcement details. The diagnostic includes the LHS terms/values and the RHS value in all periods for the selected constraints when they are binding.

Tab: Report Viewer
As introduced in previous section, the report viewer is created for the input/output diagnostic report only. If user selects any constraint in an opened report, button [Display constraint detail] will pop-up the constraint equation details as in Fig. 9.
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Fig. 9. Example of constraint detail viewer.

Part 3. NTNDP OpenPLEXOS logic
Constraints in AEMO’s NTNDP constraint workbooks have dynamic RHS, with values calculated from previous interval’s dispatch.  This is problematic when running PLEXOS ST steps of day or week, as the RHS values in each interval within the step need to be predetermined, but are a function of dispatch within the step.  
Running each ST interval as a separate step would alleviate this problem, but would make it difficult to optimise energy constrained generation such as hydro generation without water values, and can take a long time to run. Instead, the ST is solved in steps of one day, or one week, with the objective function being the sum of costs in all intervals (e.g., i = 1 to 48) but for each step there might be multiple optimizations to ensure the convergence of the transmission and other constraints.
First, all the constraints are loaded from the workbooks. The first optimization (Base) does not include any constraints from OpenPLEXOS. During the first Optimal Power Flow (OPF) iteration, we check all the loaded constraints from the first period. If a constraint is violated, we add this constraint into the problem. We also record the first period (period x) where there is at least one violated constraint. In the next OPF iteration, we check all the constraints from period x and recalculate a new period x. We stop the iterations when all constraints from period x are not violated or the violated constraints are cycling (the same violated constraint sets at the same periods appear again after a few iterations). 

Note that, except the region/zone/node load, all other variables use the value in the previous period when calculating the constraint RHS. As for the first period in the first step we do not know the values at period zero (initial values), constraints will not be added for the first period in the first step.
For illustrative purposes, assume that one of the constraints is of the form:
Flow{i} <= 100 GenA{i-1}; 							
Step 1 (day one or week one: periods 1 to n)
1. After base solution, iteration 0
a. Daily LP problem is solved without any NTNDP constraints being included in the formulation.
2. During OPF1
a. For each interval from ‘first free interval (initial value = 1)’ onwards, constraint RHS values for interval i+1 are calculated based on dispatch from interval i, and constraint LHS values for interval i are calculated based on solution in interval i. E.g., for constraint Flow{2} <= 100 GenA{1}, LHS Flow{2} is calculated based on solution in the current interval while RHS GenA{1} is calculated with the solution in the previous interval.
b. If the constraint is violated, this constraint will be added to the formulated problem. Otherwise, the RHS will be updated.
c. Record the first interval within the step where there is at least one violated constraint (‘first free interval’) and update ‘first free interval’.  
d. If there is no violated constraints, terminate the iteration. Otherwise go to next OPF iteration.
3. During OPF2 
a. Do the same thing from a to c as listed in previous iteration.
. . . . . .
4. During OPFn 
a. Continue until there are no constraints violated in any interval from ‘first free interval’ to last interval, or until cycling is detected.  For constraints already added to the LP, allow RHS to be recalculated based on dispatch outcomes from previous optimisation of the same step (RHS is updated). Note that constraints before ‘first free interval’ will not be checked and thus there will be no RHS update in these intervals.
Step 2 (day two or week two)
5. Process is repeated, but this time the RHS values in the first interval can be precomputed based on the dispatch outcomes from the last interval in the previous step.

E.g., Flow{1) <= 100 GenA{0} with the value of GenA coming from the last interval solution in the previous step (step 1 interval 48, the last optimization in step 1: ST step 1 sample 1 MIP).

However, if LinkStepsandSamples = FALSE, constraints added in the previous step will all be freed as if they do not exist. Note that constraint violations are checked period by period so the binding of the constraint in one period will not affect the same constraint in other periods.

Part 4. Note for RHS Constant
1) nunitstep/unitstep only support simple formats like:
· unitstep(row_x, 12) and 
· unitstep('Plant\Brown Coal\SA\NPS1'.'Generation as generated' in MW, 0)

2) complicated expressions are not supported:
· row_98 = row_99 * (row_50 + row_51) + row_100 should be changed to
· row_xx = row_99 *(row_50 + row_51);
row_98 = row_xx + row_100
3) there should not be a space between ‘^’ and ‘2’
· row_9 = 0.000002 * ('Load\NSW1'.'Load' in MW) ^ 2; should be
· row_9 = 0.000002 * ('Load\NSW1'.'Load' in MW)^2;

Part 5. FAQ
1. By formulating up-front (In PLEXOS Transmission.[Formulated all constraints upfront] is ticked), I expect all constraints to be in the problem.

A: The Open PLEXOS will not use the parameters in PLEXOS. All NEM constraints are dynamic. This means the constraint is added to the problem only when it is violated with a tolerance.

2. Why the constraint is violated but it is not added to the problem?

A: If the violation of a constraint is smaller than the ‘RHS absolute tolerance’ or it is smaller than the ‘RHS relative tolerance’ x RHS, the constraint will not be added to the problem.

3. Why I believe the violation of a constraint is larger than the violation threshold but it is still not added to the problem?

A: In this case, please check the constraint to ensure it is loaded correctly for both the LHS terms and the RHS expressions. The RHS expressions can be viewed in the RHS diagnostic files. Note that the RHS of the constraint is added to the diagnostic file only for the enabled constraints with RHS expressions.

4. What does the “LinkStepsandSamples” property do?
[bookmark: _GoBack]A: All the constraints will be freed if you set “LinkStepsandSamples” to FALSE. You can add this parameter into the NTNDP.xml “<LinkStepsandSamples >0</ LinkStepsandSamples >”; default value is 1 (TRUE). A constraint is freed means it no longer has any power to affect the solution as if it does not exist, though it is still in the problem (it will never be binding).
image1.png
Unitsof Dtz Locks  Messages | Assemblies |





image2.png
Loaded Custon Assembly: G:\DATANPLEXOS 6.262\Engine\PLEX0S64\bin\x64\Dehug\EEOpenPLEX0S .d11
Loaded Custon Assembly: C:\DATANNEML.@\bin\x64\Debug\NEMConstraints.d11

Secondary Conpilation Started:
Expanded 444 pattern macros.
Secondary Conpilation Comploted. Time

Licenses Require

PLEX0S® 6.206 ROL
Core Cos 24
Solues. Rpress—MP 23.01.83
Conpones 22
Conponent 25
Conponent

26




image3.emf
   


image4.png
INTNDP XML

File  Diagnostic

Gl Setings Scenaios | Diagnoscs | Peponviowsr|

' Enable Scenarios

Clear scenario st

et scenaris fiom warkbooks

I B

Scenaii List

SoenaroName

| Included

Augmentation_Remove.

VN NI

>>SML_NIL_7B_Remaved HS





image5.png
Sean Ma

xxlsx - Excel

Draw Pagelayout Formulas Data Review View Developer Add-ins Team Q) Tell me what you want to do Q. Share

=3

< Format Painter

Clipboard ~

E° Wrap Text General M

€0 .00
00 3.0

$-%>

[ Merge & Center ~

Alignment " Number n

E F G H |

Conditional Format as| ad
Formatting ~

70,4 Normal 10

E3

Good
Table -

J K L M

Normal 120 2

Normal 2
Neutral

Styles

Normal 8

Calculation

===
Normal €m EXx
i

Check Cell .

Cells

3 AutoSum -

Insert Delete Format 1.,

A
u i~ ZY p
Sort & Find &

Filter - Select ~
Editing ~

25 365

9125 219000

Ready

NTNDP XML

Flags

V] Create input diagnostic file

Create Output diagnostic file

On-screen diagnostic of constraint loading

Report line flow limit constraints

v
v
V] Create RHS constant input diagnostic file
v
v

Add interval solution to PLEXOS

] Add summary solution to PLEXOS

RHS constant output diagnostic Step from: | 1

RHS constant output diagnostic Step to: 10

Single constraint diagnostic

V] Constraint Enforcement Diagnostic

Date From: | 27/08/2017 [75]

Date To:

Constrint Name

30/09/2018 [75]

Enabled

1:10 PM

24/10/2017




image6.png
| NTNDP XML

File  Diagnostic

Boner St | Sconsi | Disgrstcs Repotviower |

I B

Constaint

Time Slice.

Soenata

V™S_NIL_MexG_AUTD

AllPeriads o Finvear 1617

5v_580

2 V:S_NIL_MAXG_AUTO AllPeriads o Finvear 1617
3 vatL_220 Al peiods

4 v:v_1300 Al peiods

5 Tv_534 Al peiods

6 vi_a78 Al peiods

7 SNIL_PLMAX. Al peiods

8 SVML_220 Al peiods

3

AllPeriads o Finvear 1617

Display constaint detail





image7.png
Data Constraint TimeSice. Violation | Cost RHS
19/08/2019 120000AM | N>>NNIL_500_1E Al perods. o o 466235
19/08/201930000A | N>>N-NIL_500_1E. Alperods o o 466235
25/08/201930000AM | N>>N-NIL_500_TE Al periods o o 466235
26/08/201960000AM | N>>N-NIL_500_IE Al periods o o 466235
1/07/2019 50000 PM N>>N-NIL_500_1G Not_Summer | 185.0080909...|740032.3639...| 3745572
1/07/2019 70000 PM N>>N-NIL_500_16 Not_Summer  |5303272543...|37122%0.780...| 3745572
2/07/2019 7:00.00 PM N>>NNIL_500_1G Not_Summer | 4561550898 | 3649240713 | 3745572





image8.png
Generator [NWT
Generator [NUT
Generator [NUT
Generator [SEN
Generator [SEN
Generator [SEN
Generator [SUQ
Generator [SUQ
Generator [SUQ

INWT 2201
INUT 2201
INUT 2201
[SEN 1321
[SEN 1321
ISEN 1321

not found il
not found
not found
not found
not found
not found
[84Q 2751 is not found
[84Q 2751 is not found
[5UQ 2751 is not found in model)
Generator [SUU in CP [SWU MBL-HY 5001
Generator [SHU CP [SWU MBL-HY 5801
Goneraton [SUU MBLHY 568 T31 dofined in CP [SUU MBL HY 5881 is not found in model.
Generator [UCS ined in CP LUCS CULT 2751 is not found

Generacor LGS

enerator

CULT 275 T31 defined in





image9.png
nstraint Details

Name:  V:N_NILVC_BLR

Time Sice: Al perods
Soenaro:  V:N_NIL

Penaly: 1000
Equation | Coefficient | LHS Tem Sense | Coefficient | RHS Tem Function
» hnm Bassink(Fow) B RHS Constant
104239 V-SA(Fon) 05345142 |VIC1 (Load)
1108 Murayink(Fow) 1083 ngiesea + CVIC New Enty (Unis onine) Siep (0)
1 VICT-NSW1(Flow) 461631 Dartmouth (Generation) siep (0)
07082 Dartmouth(Generaton) 20763 Eidon (Unks onine)
07082 Eidon(Generation) 598532 Laverton Noth (Unks onine)
06737 HumeVIC(Generation) 0321619 |McKay_Creek (Generation)
04913 Laverton Noth(Generation) 0321619 |Bogong (Generation)
07082 Mckay_Creek(Generation) 03 Morake (Generation)
E Muray{Generation) 3 Morlake (Units onine)
04913 Newport Generaton) 17719 Newport (Unts oriine) siep (0)
04913 ‘Someton(Generation) 0717567 | Somerton (Generation)
07082 Wiewa(Generation) 00665 Tumt 3_pump (Pumping)
03193 Yalloum 2.3 4(Generation) 0348265 | WKiewa (Generation)
04913 MEL New Entry(Generation) 03183 Yaloun 1 (Generstion)
E INVIC New Entry(Generation) 859002 | Yaloum 1.2 (Unts oriine)

0643

Yalloum 3.4 (Unts oriine)

03

MEL New Entry + CVIC GEO (Generatior)

MEL CCGT New Enty (Unks onine)

e

TRy e—





