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1. Executive Summary 
 

The Solar Enablement Initiative (SEI) was a $A2.9 million project funded by the Australian Renewable 
Energy to demonstrate the technical feasibility of Distribution System State Estimation (DSSE) using 
existing data and to progress the development of a pre-existing proof-of-concept implementation, developed 
at The University of Queensland, to a Technology Readiness Level that allows its commercialisation. In 
addition to this, a semi-automated PV connection assessment tool was to be developed to support 
Distribution Network Service Providers (DNSPs) to use the full network visibility the DSSE provides to more 
accurately assess operational conditions in their network and identify further PV export capabilities where 
possible. Both objectives have been achieved, with the DSSE having proven feasible in all analysed 
scenarios and now commercially available, as well as the development of a semi-automated PV 
assessment tool that supports connection assessment teams in analyzing the estimated system state. 

The project was a collaborative project between ARENA, The University of Queensland, Queensland 
University of Technology and number of organisations from the Australian power industry. It was directly 
supported by the Australian power industry through cash contributions from the Australian Power Institute 
(API) and Energy Networks Australia (ENA) and through direct participation and in-kind contributions from 
Energy Queensland, United Energy and TasNetworks. Other partners were Aurecon, Springfield City Group. 

The key learnings from the SEI project was that all directly participating DNSPs had sufficient data to 
generate high quality estimates of the entire operational state of the analysed MV feeders – 20 in total. This 
is a significant outcome as it demonstrates that sophisticated network analysis functionality that requires a 
completely know system state as a starting point can be realised the data already available. Additional 
measurement data will improve the quality of system state estimates, but is full measurement coverage is 
no longer a requirement in order to realise said functions. 

In addition to the semi-automated PV assessment tool, which implemented innovative state cluster analysis 
functionality, developed and contributed by Queensland University of Technology, to reduce the 
computational burden and accelerate the analysis more than tenfold, it was also demonstrated that more 
complex representation and optimal allocation of a network’s capacity to customers can be done in real-
time. The corresponding trials were done on two feeders for which the available capacity was automatically 
re-assessed every one minute and allocated to PV customer that have previously been subject to zero-
export limits. Future discussions will have to focus on what criteria to use when defining optimality, while 
here technical optimality in terms of total allocated capacity was used. 

In summary, the SEI project has successfully demonstrated that DSSE is technically feasible, that most 
Australian DNSPs are likely to have sufficient existing data to operate it and that DSSE is a suitable 
enabling technology for sophisticated, high-level and value delivering applications. The utilised and further 
developed technology is now commercially available and first Australian DNSPs are working towards a full 
roll-out across their networks to improve their existing business processes based on the newly available 
data and to prepare to offer customers access to now reliably and safely identifiable  additional network 
capacity. 
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2. Introduction 

The Solar Enablement Initiative (SEI) demonstrated the technical feasibility of achieving full network visibility 
from incomplete measurement data using an innovative distribution network state estimation algorithm. This 
algorithm allows monitoring the voltages, currents and power flows within an entire network and has been 
demonstrated on 20 medium-voltage distribution feeders. The improved visibility of the network state assists 
network planners to better evaluate the connection of new photovoltaic (PV) systems and has potential to 
support additional network assessment, planning and operational processes. During the two past years, this 
$A2.9 million project has demonstrated that the three participating Australian Distribution Network Service 
Providers (DNSPs) already have collected enough data to run a Distribution System State Estimation 
Algorithm (SEA) on the majority of their MV feeders. 

 
Phase 4 of the project commenced in December 2018, focused on 

- developing the internal version PV analysis tool 

- constraint development and export signalling for real time deployment, and 

- restructuring the backend database and backend performance 
 

 
2.1 Purpose 
The purpose of this report is to document the technical progress of the SEI Project, providing an updated 
summary of the current state estimation execution approach and key technical achievements. It is a 
continuation of the Project Update public report. This report focuses on the technical areas of implementation 
achieved in Phase 4, such as constraining analysis and the PV connection analysis tool. 

 

2.2 Audience 
The intended audience of this report is any party interested in the technical aspects of the implementation of 
the state estimator to the DNSP’s networks. 

 

 

3. Report Overview 

The functionality and capability of the state estimator has continued to improve throughout the project. This 
report is provided as a continuation and update following on from the Project Update public report. 

 
The structure of the report is organised in the following way. 

- Section 3 provides an overview of the Project Progress and newly developed applications, such as 
constraining analysis and capacity constrained. 

- Section 4 details the PV analysis tool, one of the key outputs of the project. 

- Section 5 presents a case study of a PV connection using the PV analysis tool. 

- Section 6 explains the real time deployment of the state estimator, which was the second key output 
of the project. 

- Section 7 provides an outlook for future work based on the project outcomes. 
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4. Project Progress 

4.1 Large scale implementation of the MV State Estimator 
The state estimator has been successfully applied to all Springfield feeders from Energy Queensland’s 
network. Depending on the period of the measurements available, state estimation was performed on a 
duration up to one year. This took the total Energy Queensland feeders modelled in the state estimator to 16. 
The project was initially only required to model three. 

 
The results from the large-scale implementation proved that the database and the algorithm are robust 
enough to load, model and perform estimation for a large number of feeders. 
The following estimation and applications are presented based on a Springfield feeder. 

 
4.1.1 State estimation 

The estimation for the additional feeders was performed with a very good level of accuracy. The histogram of 
the voltage residuals shown below gives the difference between the estimated and the measured voltage 
values of a typical feeder. This difference is very small and the histogram is centred on zero, which shows 
the estimation is accurate and does not have extreme outliers. 

 

 
Figure 1: Histogram of voltage residuals from 1 year of state estimate results. 

 

 
4.2 Tools and Applications 

The results from the state estimator (both the full network state and the relationship of network states to each 
other) provide a valuable set of data off which many useful applications can be built. In this phase of the 
project four applications were developed; clustering analysis, the PV analysis tool, constraint analysis and 
capacity constraint optimisation. These applications helped to deliver the two key out comes of the project, a 
PV analysis tool (the former two) and real time estimation with maximum export limits (the latter two). 

A brief description of each of the applications is given in the following sections. 
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4.2.1 Clustering analysis 

A Java version of the clustering analysis and PV analysis tool have been fully developed and integrated with 
SEI dashboard environment. No third party power system software is required to run the analysis. 

 
Clustering analysis was the first application developed, based on SEI state estimation results. This clustering 
analysis identifies critical cases (time points) depending on the temporal correlation of loads and spatial 
correlation of voltage magnitudes among all medium voltage nodes. 

 
The temporal correlation corresponds to the consumption behaviour of nodes. Nodes in the same group 
have similar load patterns through the dataset. The spatial correlation corresponds to the location of the 
nodes; nodes in the same group are located nearby. 
Clustering is performed on each group identified by the temporal and spatial correlation. The results of the 
clustering are the critical cases to be used in the PV analysis tool. These critical cases are often referred to 
as planning cases, selected scenarios, or critical time steps. 

 
Figure 2 below shows the critical cases, selected from one week of state estimates. The clustering reduces 
1000 network states (1 week sampled at every 10 min) down to a more manageable set of approximately 20 
critical cases. 

 
 

 

Figure 2: Scatter plot of the clusters for a one-week estimation of an 11 kV feeder. 
 

 
4.2.2 PV Analysis Tool 

The PV Analysis tool is used to assess new PV applications at a specific node on the MV network. It should 
be noted that the tool is agnostic towards the technology of generation of a connection and could be used for 
any generation or load connection. 

 
The result of the analysis are provided in a table, with each row representing one critical case, and example 
is given in Figure 3 below. Four tests have been incorporated in the PV analysis tool so far. The four tests 
are: 

- Steady state voltages 

- Voltage rise 
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- MV line loading and 

- Distribution transformer loading 

 
If all these requirements are met, the test is passed and shown in green, if the test fails the row will appear in 
red. A more detailed explanation of the PV analysis tool is presented in case studies in later sections of this 
report. 

 

 
Figure 3: PV Analysis results of an 11 kV feeder 

 

 
Based on DNSP’s feedbacks, there have been a few improvements for the PV analysis tool, including: 

- PV approved but not commissioned for MV and LV load points 

- Load scale factors for MV and LV load points 

- Clustering analysis has been improved to have functionality to remove overnight estimation 
results. 

- Economic impact study is included for each case study. 
 

 
4.2.3 Constraining analysis 

Constraining Analysis is a tool to identify the feasible operating points for a given set of controllable devices 
on a network. The Constraining Analysis is run as a Post-Estimation Application and receives the network 
model and the estimated system state as automatic inputs. In addition to these inputs the user is required to 
specify the operational limits that should be imposed and the control device that should be limited to not 
violate any of the specified operational limits. 

 
Operational limits that are currently settable are: 

- Maximum branch current 

- Voltage band (min/max) for phase-to-phase and phase-to-neutral voltages 

- Maximum transformer rating 
 

Control variable types currently available: 

- Three phase balanced active power 

- Three phase unbalanced active power 
 

Both, operational limits and control variable types, are able to be extended so that new types can be 
implemented. An example of the main input view for Capacity Constraining is given in Figure 4, with the 
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nominated control variables listed in the upper right corner and the list of operational limits to be imposed 
listed in the lower right corner. 

 

 
Figure 4 Schemas selection to perform the constraining analysis 

 
Once the operational limits to be imposed and the control variables to be considered are specified, the 
Constraint Analysis can be performed on an Estimation Run. This can be done on either an historical state or 
in real-time. Figure 5 displays the result list view in which every row corresponds to the constraints being 
identified for one Estimation Run Step. 

 

 
Figure 5 Constraining analysis result for a 1-week estimation on SFC12A 

 
The Constraint Analysis result are two Constraint Systems that are defined for what is known as the control 
space. The control space is an n-dimensional space in which every dimension corresponds to one 
controllable variable. The first Constraint System is the network constraint system, while the second 
Constraint System is the control constraint system, inherited from the provided information about the current 
control limits of the control variables. 
Both Constraint Systems are provided in the standard form for inequality constraints (𝐴 ⋅ 𝑥 ≤ 𝑏), as used in 
optimisation problems, where x is the vector of nominated control variables. Additional columns are provided 
that identify the Operational Constraint that formed each inequality constraint and which controllable 
parameter and entity each control variable in 𝑥 corresponds to. 



10 Final Report

 

 

 
 

Figure 6 visualises the network Constraint System for a three-dimensional case by sampling the inner 
surface of the feasibility region (red dots). The blue cube is an indication of the maximum independent 
adjustments permissible for the three control variables. 

 
 
 

 
 

Figure 6 3D scatter plot representation of the constraints system 

 
To assist users in interpreting the Constraint System and its technical meaning, the individual sampled points 
(red dots in Figure 6) can be selected and a summary of their technical origin (what type of operational limit 
on which network elements) will be displayed. 

 

 
Figure 7 Constraint point 

 
4.2.4 Capacity Constrained Optimisation 

Constraint Analysis, as described in section 3.2.3, reveals a practically infinite set of possible combinations 
of device set points that will not lead to a violation of the specified operational limits. Capacity Constrained 
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Optimisation uses the output of the Constraint Analysis and performs an optimisation, selecting one specific 
combination of control variable set points, under these constraints. 
Figure 8 shows the Capacity Constrained Optimisation input from the Dashboard, where the left side allows 
defining new optimisation schemes and the right side summarises of a selected optimisation scheme. 
The parameters to be provided into the optimisation are: 

- Simplex OPF Scheme Name: Name for the scheme to be defined 

- Control Schema Application: The underlying Control Schema Application, which defines which 
control variables are available (defined in the Constraint Analysis view) 

- Constraining Schema Application: The applicable Constraining Schema Application, which defines 
which operational limits are to be imposed (defined in the Constraint Analysis view) 

- Option Set Max Allocation to Zero: if set to 1, will ignore Max Allocation and assume 0 for all control 
variables 

- Option Set Min Allocation to Zero: if set to 1, will ignore Min Allocation and assume 0 for all control 
variables 

- Option Invert Sign of Objective Values: if set to 1, will invert sign of provided objective values 

- Option Apply Equitable Allocation (currently not functional): if set to 1, will use Max Allocation and 
Min Allocation as allocation ratios for generation (Max Allocation) and load (Min Allocation) 

- Option Incremental Allocation: if set to 0, the optimiser will interpret provided Max Allocation and Min 
Allocation limits as the limits for the values of the control variables, if set to 1, as the maximum 
change allowed to the control variable values. 

- Controllable Connector: ignore 

- Objective Values: list of objective values in JSON format in sequence of their corresponding control 
variables appear in the Control Schema Application. 

- Max Allocation: maximum allocation (absolute, or incremental) in JSON format in sequence of their 
corresponding control variables appear in the Control Schema Application. 

- Min Allocation: minimum allocation (absolute, or incremental) in JSON format in sequence of their 
corresponding control variables appear in the Control Schema Application. 



12 Final Report

 

 

 
 

 

 
 

Figure 8 Capacity Constrained Optimisation input page 

 
Figure 9 shows the Capacity Constrained Optimisation results page, with the column Decision Values 
containing the optimisation result for all control variables in JSON format in sequence of their corresponding 
control variables appear in the Control Schema Application. 

 
The column Binding Network Constraints contains a list of Ids of Operational Limits that generated 
constraints that are active in the solution, therefore limiting the ‘optimality’ of solution. 

 
 

 
Figure 9 Capacity Constrained Optimisation result page 
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5. Overview of PV Analysis Tool 

The Solar Enablement Initiative PV Analysis Tool (SEI PV Analysis Tool) has been developed as a part of 
the ARENA SEI project. This semi-automated PV Analysis tool has been designed to support connection 
assessment for mid-sized PV systems (30 kW to 1500 kW) that are connected to MV network or to the LV 
terminals of distribution transformers. 

 

 
5.1 Why did we need to develop the PV Analysis Tool? 

• Due to the lack of visibility in distribution network, embedded generation applications are currently 
assessed with a generic assumed type approach. 

• The SEI state estimator provides a full visibility in current, voltage, and real and reactive powers for 
distribution networks. 

• A more precise, reliable and time-efficient assessment for embedded generation (e.g. PV) can be 
achieved with the full visibility. 

• With the tool, more distributed renewable energy (e.g. PV) can probably be enabled in distribution 
network. Hence, the project was named as Solar Enable Initiative. 

• As a result, customer satisfaction levels can be further improved when detailed technical 
assessment results (or suggestions) can be provided. 

• In addition, network efficiency can be improved when more embedded generation becomes available 
and there would be downward pressure to electricity prices. 

 

 
5.2 How does the PV Analysis Tool work? 

The inputs are the critical cases (based on an internal clustering analysis) with the complete system states 
known. These system states are obtained after running state estimation. 

• PV of different ratings can iteratively be added onto these critical cases. New system states can be 
obtained after Newton Raphson power flow is performed. 

• The result is the maximum PV rating without violating any technical constraint. 
 

Figure 10 PV Analysis Tool Flowchart 
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5.3 How will it help DNSPs? 
The SEI PV Analysis Tool is the first application developed, based on the results of SEI distribution network 
state estimation. Both the tool and the state estimator have the potential to assist DNSPs in a variety of 
ways. 

• With full network visibility, there will be more applications or functionalities in the near future, 
e.g. assessing fault levels, assessing MV or LV embedded generation applications, or load 
demand management. 

• SEI PV Analysis Tool can more precisely estimate PV maximum capacity and identify limiting 
constraints for future improvement. 

• Customers’ satisfaction levels can be improved further when details of PV assessment results 
are clearly revealed and suggestions are provided. 

• Network utilisation can be improved when more embedded generation becomes possible. This 
potentially improves network efficiency and puts downward pressure to electricity prices. 

• DNSPs can consider use SEI state estimator and PV analysis tool as part of business as usual 
function in supporting planning and operation, such as assessing embedded generation 
application. 

 

While this tool can be further developed with more functionalities, this tool in its present form does not 
consider the type of generation being connected: 

 
• The tool is named PV analysis tool however, it can be used to assess other types of embedded 

generation and potentially for assessing loads for demand management purpose. 
• The tool in its present form assesses the same export for all scenarios. The power output of the 

embedded generation is not scaled based on cloud cover, or any other cause of variable 
renewable energy. 

 

To demonstrate the functionalities and effectiveness of PV analysis tool, a case study was been performed 
for each DNSP partner an example is presented in the following section. The details of the feeder have been 
removed for confidentiality, however this is based on a real feeder with actual historical measurements. 
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6. PV Analysis Tool Case Study 

6.1 Introduction 
The PV analysis tool relies on the outputs of state estimation. In total, nineteen MV feeders have been 
successfully modelled on SEI dashboard to run historical state estimation. 
Ten real case PV assessments have been performed on five of those feeders. For the ten real cases, the 
most frequent binding constraint for limiting PV maximum capacity is “voltage rise on distribution transformer 
LV terminal A phase”. 
The following case study is to assess the PV maximum capacity for Customer X using the SEI PV analysis 
tool. The economic impact studies of the PV maximum capacity are presented in Section 5.6 after the Case 
Study Results section. 

 

6.2 Case Study Background 
Customer X is LV connected to a dedicated transformer on and 11 kV feeder. It has a 62 kW PV system 
installed already. An initial assessment using the typical approach required the connection to have a 0 MW 
export limit imposed, due to existing penetration of PV at the 11kV feeder level. The 11kV Penetration test 
has since been/is being revised. 

 
This case study aims to identify what is the maximum PV export capacity for the LV node of the distribution 
transformer, based on historical estimation results, assuming no further PV is applied on other nodes in the 
network. 

 

6.3 Clustering to identify critical cases 
For this case study, a year of state estimation has been run (01 July 2017 to 30 June 2018). Clustering is 
based on the historical estimation results. Figure 11 shows all the critical cases identified by the clustering 
algorithm. The blue cases are potentially overvoltage cases (or high voltage cases). The orange cases are 
potentially under voltage cases (or low voltage cases). Those critical cases form the planning cases for 
estimating maximum PV export capacity in the next section. 
Please note for this case study, those critical cases may include cases overnight when PV is not generating. 
Further functionality has been developed on SEI dashboard to exclude overnight cases, however, not 
implemented for this case study. 

 

 
Figure 11Critical Cases 
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6.4 Case Study PV Analysis Inputs 

The figure below shows the interface for inputting proposed PV connection details and analysis settings. 
600 kW is used as a PV connection test case, far in excess of the existing connection. 

Two key settings need to be updated: 

- Select the PV connection node: SCxxxxx (110)(LV) (Note: 110 is the ID for the node in Java 
code) 

- Rating/Maximum Export: 600,000 W 
 
 

 
Figure 12 Case Study Inputs - Analysis Setting 

 
 

Figure 13 shows the interface for users to input “PV approved but not yet commissioned” and “Load Scale 
Factors”, for all LV and MV nodes on the feeder. For this case study, no additional or approved PV 
connections are included. 
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Figure 13 Case Study Inputs - Network Setting 
 

 
6.5 Case Study Results 

Figure 14 shows the overall PV analysis results. Each row represents PV assessment results for the 
connection node at one critical case. The results table can be sorted depending on the columns’ values. For 
this cases, clicking on the title “Global Max PV (kW)”, shows the lowest PV maximum capacity. 

Given as the “Global Max” in Error! Reference source not found., for this case study, the PV maximum 
capacity is 465.105 kW. (The PV connection node transformer rating is 500 kVA) 

 
 

 
Figure 14 Case Study Results – Overview 

The binding constraint is voltage rise at the connection point - “Vdelta on the PV connection node: 
SCxxxxxx-LV Phase A”. More details on this binding constraint are explained below and in Figure 15. 

With 465.105 kW PV export, the PV connection point voltage rise reaches 0.91%, which is near to the pre- 
set 1% limit for voltage rise. A further increase in PV will push the voltage rise past the 1% limit. 
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Figure 15 Case Study Results – Binding Constraint 

 
Voltage rise (Vdelta) is the binding constraint for most of the cases that indicates that the overall voltage 
profile if the feeder is probably quite healthy and can handle more PV. Also, note that there are not many 
remedial actions you can take to address voltage rise unless request the installation to have dynamic 
reactive power capability or a voltage controller or a runback/export limiting scheme. All other solutions 
would require significant changes to the network (changing open points, upgrading 11 kV lines and adding 
transformers at the substation) with probably only marginal impact. 

 
The next binding constraint type is transformer power loading, where the maximum capacity is 492.758 kW. 
This value is 27.653 kW more than the overall PV maximum capacity of 465.105 kW. If the customer insists 
installing and exporting a 600 kW PV system, the only option would be to upgrade the network in a way to 
both alleviate the voltage rise constraint and the transformer power loading constraint. 

 

6.6 Summary and Impact 
The table below presents the economic impact comparison between the existing 62 kW PV rating and the 
possible PV maximum capacity (identified from the previous section). The PV maximum capacity is subject 
to DNSP’s other tests and approval, such as fault level and protection setting studies. Additionally DNSPs 
must consider other factors such as future connections and load growth or contraction. These can be 
accounted for in the analysis tool, but were not for this case study. 

 
This economic impact study assumes the full capacity of the PV system is exported with no self-consumption 
onsite. Different Feed-in Tariff (FiT) levels from $0.08 /kWh to $0.20 /kWh are used for this economic impact 
study. A few assumptions of this estimation are listed under the table below. 

 
 

Table 1 EQL Case Economic Impact Comparison a 

Export  (kW) 62 465 62 465 62 465 

Feed-in tariff 
($ / kWh) 

Average 
Daily 

income 

Average 
Daily 

income 

Income in 
3 years 

Income in 3 
years 

Income in 
10 years 

Income in 10 
years 

0.08 $25 $185 $27,081.92 $203,114.39 $90,273.06 $677,047.96 

0.10 $31 $232 $33,852.40 $253,892.99 $112,841.33 $846,309.95 
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0.12 $37 $278 $40,622.88 $304,671.58 $135,409.59 $1,015,571.94 

0.14 $43 $325 $47,393.36 $355,450.18 $157,977.86 $1,184,833.93 

0.16 $49 $371 $54,163.84 $406,228.78 $180,546.12 $1,354,095.92 

0.18 $56 $417 $60,934.32 $457,007.37 $203,114.39 $1,523,357.91 

0.20 $62 $464 $67,704.80 $507,785.97 $225,682.65 $1,692,619.90 
 

Notes: 
a. Assumptions for the economic impact: 

• Mean solar exposure: 5.13 kWh/m2/day (1990 to 2018 annual mean value from the nearest 
observation station Bellbird Park) 

• Power production per solar panel: 250W on a 2m2 area 
• PV panel efficiency: 15 % (from solar radiation to DC output) 
• System efficiency: 90% (losses for inverter and wiring) 
• Efficiency due to panel orientation and angle: 90% 

b. The new PV maximum capacity is subject to DNSP’s other tests and approval. 
Assuming a PV system cost is $1000 per kW, any investment can theoretically be paid off within 3 years’ 
time. For example within 3 years’ time, there is about $457K income for the 465 kW system at 0.18 FiT. 
From customers’ point of view, PV energy self-consumption has more value than exporting, because energy 
retailing price is generally higher than FiT price. Therefore, the total benefit of having a 465 kW system 
would most probably exceed $457K within 3 years. 

 

6.7 Timing of Analysis 
 
 

No. Steps Time Spent Notes 
1 Running 1 year of 

state estimation 
20:26:05 • There may be multiple tasks 

running on the same time on 
dashboard. 

• State estimation and PV 
analysis tool run on multiple 
computation nodes 

• Clustering runs on a single 
computation node (computation 
can be improved in future) 

• Estimation and clustering are 
one-off runs. They do not have 
to be re-run for each 
assessment. 

2 Clustering for the year 
state estimation results 

1 Day and 
10:14:36 

3 PV Analysis Tool 00:14:14 

 
 
6.8 Validation of Critical Cases 
Comparison cases have been conducted to test PV Analysis Tool’s validity and efficiency by running the PV 
analysis tool for a complete year of data or run for just the critical cases of the year data. 

 
The following four tables are comparison study results between running PV analysis tool for a complete year 
of data and critical cases of the year data for four Springfield feeders. Overall, 

• The PV maximum capacity results difference is less than 3% 
• The time reduction is at least 99% for iteratively running Newton Raphson power flow studies 

(NRPF) 
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Table 2 Assessing PV on test 11 kV Feeder 1 
 

Item 
No. 

Running PV 
Analysis Tool 

for 

Max PV 
Capacity 

(kW) 

PV Capacity 
Difference 

Time 
Consumed 
(minutes) b 

Percentage 
Difference 
for Time 

Consumed 

1 1 Year of state 
estimation 

results 

408.972 N.A. 10,928.28 

(936K NRPF) 

N.A. 

2 Clustered 
critical cases 

408.972 0% 

(Compared with 
Item 1) 

30.06 

(2.58K NRPF) 

99.72% 

(Compared 
with Item 1) 

Notes:  
a. The test feeder has 46 MV nodes and 14 MV-LV transformers; The test connection point is at the 

end of a branch, downstream at two thirds distance to the end of the feeder. 

b. The time consumed is CPU computation time, not the time to conduct the PV analysis. 
 
 
 

Table 3 Assessing PV on test Feeder 2 
 

Item 
No. 

Running PV 
Analysis Tool 

for 

Max PV 
Capacity 

(kW) 

PV Capacity 
Difference 

Time 
Consumed 
(minutes) b 

Time 
Reduction 

1 1 Year of state 
estimation 

results 

643.342 N.A. 15,824.54 

(950K NRPF) 

N.A. 

2 Clustered 
critical cases 

644.413 0.17% 

(Compared with 
Item 1) 

46.49 

(2.79K NRPF) 

99.97% 

(Compared 
with Item 1) 

Notes:  
a. Test feeder 2 has 59 MV nodes and 18 MV-LV transformers; the test connection point is near to 

the infeeder, at about 20% distance from the infeeder 

b. The time consumed is CPU computation time, not the time to conduct the PV analysis. 
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Table 4 Assessing PV on test Feeder 3 
 

Item 
No. 

Running PV 
Analysis Tool 

for 

Max PV 
Capacity 

(kW) 

PV Capacity 
Difference 

Time 
Consumed 
(minutes) b 

Time 
Reduction 

1 1 Year of state 
estimation 

results 

459.1 N.A. 78,901.19 

(19Million NRPF) 

N.A. 

2 Clustered 
critical cases 

465.1 1.29% 

(Compared with 
Item 1) 

244.00 

(59K NRPF) 

99.7% 

(Compared 
with Item 1) 

Notes:  
a. Test feeder 3 has 62 MV nodes and 37 MV-LV transformers; The test connection point is near to 

about 70% distance down to the end of the feeder 

b. The time consumed is CPU computation time, not the time to conduct the PV analysis. 
 
 
 

Table 5 Assessing PV on Test Feeder 5 
 

Item 
No. 

Running PV 
Analysis Tool 

for 

Max PV 
Capacity 

(kW) 

PV Capacity 
Difference 

Time 
Consumed 
(minutes) b 

Time 
Reduction 

1 1 Year of state 
estimation 

results 

473.3 N.A. 27,197.98 

(15Million NRPF) 

N.A. 

2 Clustered 
critical cases 

485.1 2.43% 

(Compared with 
Item 1) 

87.70 

(48K NRPF) 

99.7% 

(Compared 
with Item 1) 

Notes:  
a. Test feeder 5 has 66 MV nodes and 17 MV-LV transformers; The tested connection point is near 

to about 80% distance down to the end of the feeder 

b. The time consumed is CPU computation time, not the time to conduct the PV analysis. 
 

P ossible ways to ensure reliable results for PV assessments: 
A conservative approach is to take a percentage (e.g. 80%) of the maximum PV capacity run from the 
clustered critical cases. This approach leaves 20% room for error margin and the 20% margin is much larger 
than the expected error. 
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7. Real Time deployment 

The real-time deployment (RTD) of the State Estimator is one of the two key outputs of the SEI Project. It 
was decided to establish real-time observation on a two Energex 11 kV feeders one in Springfield (SFC12A) 
and one in Cleveland (CVL11A). The CVL11A feeder has an Energex operated facility with a PV system that 
is suitable to trial the closed loop system of real time estimation and broadcasting the maximum allowable 
export limit for the connection. 

PI connection problems were resolved involving OSIsoft, Energy Queensland and SEI-Project staff in mid- 
2019. 

The first stage – using transformer monitor data to set broad PV export limits – was implemented in a closed 
loop fashion. The export limit was being published based on the transformer data but without using result 
data from the State Estimator. The Cleveland PV system picks up those limits and acts accordingly. This was 
a fully automated process. 

In early November 2019, the State Estimator software was updated in the RTD to make the new 
Constraining Analysis and Capacity Constrained Optimisation features as described in section 3 of this 
report available in the RTD environment. State Estimation, Constraining and Capacity Constrained 
Optimisation have been enabled on the CVL11A feeder and the results are flowing back into Energex 
systems. Currently export limit results coming out of the Capacity Constrained Optimisation are used for 
manual validation and verification only. It is expected that fully automated export limit broadcasting based on 
data coming out of the State Estimator/Constraining is to be enabled in the near future completing the 
second stage and the real-time trial. 

The following diagram shows how the RTD is integrated into Energex systems and the RTD running side by 
side in the Energex environment with Energex’s local system. 

 

p 
 

Figure 16 High level diagram of the RTD integration into Energex’s systems 
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Figure 17 Real-time estimator dashboard on the right screen and PI Vision on the left screen visualising 
State Estimation Results 
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8. Future Work 
Based on feedback from the DNSP project partners and interest from the industry there are several avenues 
for future work that have been identified. The highest priority are: 

- Adding further functionality to the PV assessment tool, e.g. adding power factor settings. 

- Integrating the SEI PV analysis tool with DNSP’s assessment process. 

- Having a voltage distribution tests rather than static voltage limits test. 

- Setting up more detailed optimised constraint networks to test future network operations. 

- Extension of the state estimator and analysis tool to the LV network. 

- Continued refinement to the network models and additional model components. 
 
 
 

Glossary of Terms and Abbreviations 
 
 
 

TERM / ABBRIVIATION DESCRIPTION 
 

DNSP Distribution Network Service Provider. E.g. Energy 
Queensland, TasNetwork, United Energy 

 

MV Medium Voltage. Either The 11 kV or 22 kV network 
voltage (depending on the DNSP). 

System State(s) The voltages, angles and currents at a point(s) in the 
network at a given time. 

 
 
 

LV Low Voltage. The 415 V network 

Photovoltaic. Generally refers to a solar panel and 
inverter genera tor connected to the electricity 
network. 

PV 
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