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ABSTRACT 

Establishing managed connections and autonomous 

Distributed Energy Resource (DER) control at scale 

requires a full revision of network planning assumptions, 

techniques and tools; the methodology presented in this 

paper contributes to this vision of innovative and robust 

network planning for active distribution networks. The 

paper focuses in securing contingency situations: where 

the network operates with an asset removed for 

operational reasons (N-1), by proposing a methodology 

of risk management given the uncertainty around future 

growth of DER. 

INTRODUCTION 

Western Power Distribution (WPD), one of the UK 

Distribution Network Operators (DNO), is building 

analytical capability for planning its Active Network 

Management (ANM) zones and providing curtailment 

reports to DER developers.  ANM facilitates quicker and 

more efficient DER connections on congested networks, 

as part of the offer a curtailment assessment providing an 

approximation of the DER energy reduction required to 

maintain network constraints within secure limits is 

included [1,2].  As part of the curtailment assessment 

study, WPD must define a methodology to specify the 

circuit and transformer pre-fault thresholds to be 

observed that will manage power flows against short term 

overloads prior to curtailment responding.  As the volume 

of ANM-connected generation grows on complex meshed 

networks, the thresholds required to manage against these 

transient N-1 overloads must be reviewed.  

The current analysis methodology applied by WPD 

involves rerunning N-1 contingency analysis for every 

new connection request received.  This is both a complex 

and a lengthy process that needs to be conducted by a 

selected number of Primary System Design (PSD) 

engineers. New iterations of the analysis may result in 

revision of ANM thresholds, which once updated may 

impact the curtailment estimates of previously studied 

connection applications. WPD and SGS have established 

a new methodology and analysis capability for N-1 

analysis that is forward looking and does not require a 

rerun for every new connection application.  The 

methodology is based on a Monte Carlo algorithm, [3,4], 

for addressing the uncertainty associated with the future 

location and rated capacity of generation connection 

applications, enabling recommendations for reduced 

ratings for circuits and transformers to be established 

within network models, to which all present and future 

curtailment assessment studies can be conducted upon.  

METHODOLOGY FORMULATION 

The Monte Carlo method draws scenarios of uncertain 

variables, namely the location and export capacity of new 

generation applications. The locations of the new 

generators are determined via a uniform probability 

distribution function. Once the location is assigned, a 

voltage-level specific capacity, (5MW for 11kV, 20MW 

for 33kV and 50MW for 132kV) is assigned to the new 

generator. The new generators are introduced to the 

model and a load-flow, under intact network conditions, 

is performed. The network constraints are extracted from 

the model and Active Network Management actions are 

taken to maintain power flows within the existing pre-

fault circuit ratings. A WPD defined contingency 

operation is then undertaken, following which any assets 

that observe violated post-fault circuit ratings are 

recorded. The reduced ratings are then calculated and the 

pre-fault ratings are updated. The procedure is very 

straightforward and involves using the before and after 

contingency flows on the N-1 identified constraints.  

These flows are readily available given that analyses in N 

and N-1 states have been previously conducted.  The 

reduced ratings are fed back into the model so as to 

impact subsequent iterations.  The equation (1), presented 

next shows the applied reduction formula: 

𝐶𝑟𝑒𝑑𝑢𝑐𝑒𝑑 = 𝐶𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙 ∙
𝐹𝑁

𝐹𝑁−1
 (1) 

Where: 

 

𝐶𝑟𝑒𝑑𝑢𝑐𝑒𝑑  is the reduced pre-fault rating 

𝐶𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙  is the original pre-fault rating 

𝐹𝑁 is the flow in N regime 

𝐹𝑁−1 is the flow in N-1 regime 

When the convergence criteria, functions of the number 

of changes to the reduced ratings, have been met, it is 

concluded that the reduced ratings for the network have 

been determined.  

METHODOLOGY IMPLEMENTATION  

The proposed methodology has been trialled with live 

applications in a single WPD Bulk Supply Point (BSP) 

area which part of an ANM zone covering the entire Grid 

Supply Point (GSP).   

Figure 1 presents a flow chart of the methodology  
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Figure 1. Reduced Ratings Methodology 

Four main function block areas can be distinguished: 

1- Initialization and manipulation of the network 

model by addition of new generation units 

2- Analysis in N regime 

3- Analysis in N-1 regime 

4- Reporting back to the user 

In block area 1, shown in Figure 1, a working copy of a 

network model is saved so that it can be modified across 

the Monte Carlo iterations without affecting the original 

network model. For each iteration, a fresh copy of the 

network model, including any updated reduced ratings 

information, is loaded into the model. A new generation 

set is created in the working copy of the network model.  

After block 1 is processed then the analysis in N regime 

starts, area 2 in Figure 1. This analysis is initiated by 

running a power flow on the working copy model. The 

power flow study will highlight any breaches in 

constraint limits, for both voltage and thermal issues. 

Having all violations identified, the script then applies a 

simplified curtailment method to the ANM generation in 

order to pull the system back to a feasible operation 

scenario. 

When constraints have been solved, the N-1 analysis 

starts, area 3 in Figure 1. Based on a list of pre-defined 

contingencies a load flow simulation is run for every 

contingency case. The thermal loadings observed in the 

contingency analysis are then used to investigate whether 

constraints have been breached in N-1 operation. This 

process is a facsimile of the constraint identification 

process on the N analysis: except for the fact that it only 

targets thermal issue driven constraints. All thermal 

violations result in the application of a reduced line rating 

in pre-fault conditions on subsequent iterations. This 

updated rating is computed using the formula described 

in the methodology formulation. When the process is 

completed a new Monte Carlo draw is studied and the 

process continues until the stoppage criteria are met, in 

which instance block area 4 will generate a report of all 

identified rating reductions. Further details on particular 

process blocks of this flow chart will be provided in the 

next sub-sections. The methodology itself was coded in 

Python and the network model was emulated with PSS/E. 

Python allows the import of a PSS/E API library and runs 

all PSS/E commands through methods and function calls 

without using PSS/E graphical user interface. This allows 

for the efficient automation of PSS/E study steps. 

EMPIRICAL EVALUATION 

The methodology is empirically evaluated by determining 

a set of input datasets critical to executing the 

methodology, then creating a spread of crafted case study 

scenarios to appraise the methodology, to achieve an 

informative and robust solution. 

  

Four main input sets have been identified: two have user-

defined variability, and two are constant across the case 

study scenarios.  Input dataset 1 (constant) allows the 

user to insert a network to test compromising of 3 

parameters: model, generation export, and load value. 

Input dataset 2 (variable) allows the user to determine the 

number of generators to be added to the network, and the 

amount of draws (iterations) to be undertaken.  Input 

dataset 3 (constant) allows the user to set the 

contingencies that will occur within the network.  Input 

dataset 4 (variable) allows the user to set a stoppage 

criteria: the point at which enough Monte Carlo draws 

have been run, and the reduced ratings calculations have 

converged. 

 

From the input dataset a series of study scenarios are 

created, for each scenario the variable input data are 

shown in table 1. There are a total of 20 scenarios: 5 

unique draws, generation number per Monte Carlo draw 

of 10, 20, 30 and 50; and 50, 100, 200, 300, 400 and 500 

Monte Carlo draws. 

 

The scenarios alter the variable user-defined inputs in 
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order to rigorously test the created script; producing 

pertinent reduced rating results from the probabilistic 

Monte Carlo approach, while reducing superfluous 

testing. 

 

 
Table 1: User Defined Scenarios 

 

The methodology was then run using the user defined 

variables, defined in each row, for each scenario. 

 

RESULTS 

 

The defined scenarios were undertaken by executing the 

python script implementation of the methodology. Each 

scenario identified a set of lines to reduce. In Table 2, the 

number of identified rating reduced lines per scenario is 

shown.  

 

 
Table 2: Number of reduced rating lines in network per 

scenario 

 

By collating all the results from each scenario a list of 15 

uniquely identified reduced rating line recommendations, 

across all scenarios, are presented in Table 3. 

 

 
Table 3: Summary of Reduced Rating Lines 

 

Not all constraints are identified in any one scenario, 

some constraints are only identified through increasing 

generation, increasing Monte Carlo Draws, or through a 

unique set of Monte Carlo draws as shown in Table 2, 

where different user inputs for the scenarios identify 

greater or fewer lines. The table shows how for each 

scenario, altering the user inputs drives the results toward 

a Monte Carlo solution which provides the most 

informative results. The most effective scenarios 3, 8, 18, 

and 19 are the scenarios where the user defined inputs 

yielded the more pertinent/comprehensive results: 

identifying the most lines as well as the critical rating 

reductions. Critical rating reductions can be defined as 

those that achieve a reduced rating level of less than 90% 

of the original capacity. Shown in Table 4 are the critical 

lines and their reduced ratings. 

 

Table 4: Identified Critical Rating Reductions 

 

These critical rating reductions are highlighted in the 

single line diagram Figure 2.  All the lines are important 

links to the BSP substation. 

 

Scenarios Unique Draw New ANM  No. MC Draws  Min MC Draws

1 1 10 100 50

2 1 10 500 200

3 1 20 500 200

4 1 30 500 200

5 1 50 1000 500

6 2 10 100 50

7 2 10 500 200

8 2 20 300 200

9 2 50 1000 200

10 3 10 100 50

11 3 10 500 200

12 3 20 600 300

13 3 50 1000 500

14 4 20 600 300

15 5 20 600 300

16 2 20 200 100

17 2 20 100 50

18 2 20 800 400

19 1 20 800 400

20 1 20 100 50

Scenarios Lines Identified

1 7

2 9

3 14

4 10

5 11

6 7

7 10

8 13

9 9

10 7

11 9

12 11

13 9

14 11

15 11

16 12

17 8

18 14

19 14

20 9

Bus_i Bus_j Old rating (MVA) Reduced rating Reduced Rating (MVA)

7362 7656 15.4 20.8% 3.2

6071 7656 20.0 58.1% 11.6

7980 7982 2.5 99.8% 2.5

7980 8026 1.3 99.7% 1.2

7362 8475 19.7 55.4% 10.9

7362 8475 20.0 56.7% 11.3

7656 9008 18.3 98.3% 18.0

9008 9061 19.1 96.6% 18.5

7213 9486 20.0 61.1% 12.2

8475 9486 20.0 68.5% 13.7

9061 10111 29.1 97.7% 28.4

7362 10286 15.4 98.0% 15.1

8475 10291 20.5 93.7% 19.2

8475 10361 15.4 64.1% 9.9

8475 10496 15.4 88.9% 13.7

Bus_i Bus_j Old rating Reduced rating (%) Reduced Rating (MVA)

7362 7656 15.4 20.8% 3.2

6071 7656 20.0 58.1% 11.6

7362 8475 19.7 55.4% 10.9

7362 8475 20.0 56.7% 11.3

7213 9486 20.0 61.1% 12.2

8475 9486 20.0 68.5% 13.7

8475 10291 20.5 93.7% 19.2

8475 10361 15.4 64.1% 9.9

8475 10496 15.4 88.9% 13.7
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Figure 2: Single Line Diagram of Network 

 

By using a series of scenarios the Monte Carlo approach 

could be appraised appropriately to encapsulate the user 

inputs that identified the most critical lines in the 

network, and provide reduced ratings for these lines.  

 

CONCLUSION  

The paper provides a proof-of-concept of the 

methodology based on an advanced simulation 

techniques to tackle uncertain future scenarios.  Existing 

methodologies to address this problem are not adequate if 

ANM managed generation is to increase its presence on 

the different voltage levels of the distribution network.  

The proposed methodology has proven itself a useful 

alternative to conventional methods, having identified the 

critical rating reductions to be considered in ANM 

curtailment assessments, in future ANM systems, 

particularly in complex networks.   

 

By analysis of the results over the network single line 

diagram, it is possible to conclude that the branches 

identified for critical rating reductions are key links to the 

upstream network that, in case of an N-1 contingency, 

should be kept in safe operation conditions.  Therefore, 

the underlying principle of tackling uncertainty using 

Monte Carlo simulation is shown to work in an adequate 

manner.   

 

The method demonstrated in this paper is particularly 

valuable in the application of ANM for flexible 

generation connections to complex network topologies 

with contingencies fully considered. The insights into the 

interaction of scenario planning methods, contingency 

analysis, network rating and ANM system configuration 

is particularly useful as the roll-out of ANM to flexible 

generation connections continues and as ANM is 

considered as a key platform in the future DSO (with 

other DER application areas under development and 

demonstration). 

 

FUTURE WORK 

In future, proper user defined settings should always lead 

to the identification of critical line reductions. The 

scenario results showed that certain user inputs produced 

more informative Monte Carlo solutions. Therefore, 

improving these user defined inputs to reflect realistic 

growth of DER on the network, would provide Monte 

Carlo solutions with outcomes closer network conditions 

that may arise in the future. Three such improvements of 

the user defined variables are presented here.  

 

1. Generation Sizing  

The export capacity of generator connections are, in 

practice, not uniform; to provide a generation size that 

reflects possible future connections a truncated normal 

distribution could be used, rather than assuming 

maximum historical capacity per voltage level. A normal 

distribution based on historical and prospective 

connections truncated for each voltage level can be 

defined to consider only expected and allowable 

generator capacity values. A probability distribution 

function has already been defined using WPD data 

concerning the current and expected future connections 

across different voltage levels. From that information it 

was possible to derive the sample mean, standard 

deviation and truncation thresholds shown in Table 5. 
 

Values 

in MW 

Sample 

mean 

𝝁 

Standard 

deviation 

𝝈 

Min 

Capacity 

𝒙 

Max 

Capacity 

𝒙 

11 kV 0.908 1.497 0.001 11.1 

33 kV 9.638 8.961 0.5 49.9 

132 kV 35.891 20.543 9.2 69.5 

  Table 5. Normal Distribution Analysis (Truncated) 

 

The probability distribution function was created using its 

truncated formulation: 

 

{
 
 

 
 
𝑓(𝑥; 𝜇, 𝜎, 𝑥, 𝑥) =

1
𝜎
𝜙 (
𝑥 − 𝜇
𝜎

)

Φ(
𝑥 − 𝜇
𝜎

) − Φ(
𝑥 − 𝜇
𝜎

)
                    , ∀ 𝑥 ≤ 𝑥 ≤ 𝑥

𝑓(𝑥; 𝜇, 𝜎, 𝑥, 𝑥) = 0                                                       , ∀ 𝑥 < 𝑥 ∪ 𝑥 > 𝑥

 

 

Where 𝜙 is the standard normal distribution and Φ is the 

cumulative distribution function. 

 

Using the parameters displayed in Table 5 the following 

probability distribution functions can be plotted for each 

of the 3 voltage levels considered, presented in Figure 3. 
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Figure 3: Normal Distribution Truncated 

 

Implementing the generator sizing in this way would 

provide a more realistic spread of the size of export 

capacities connecting to the network in the future, and 

provides a Monte Carlo solution to reduced ratings 

reflecting this.  

 

2. Generator Connection Limits 

 

The amount of generators connecting to the network was 

shown to effect the Monte Carlo Solution. The graph in 

Figure 4 shows two unique draws, each run with a max 

Monte Carlo stoppage criteria of 200 iterations.  The 

graphs clearly indicate the points at which additional 

ANM generators adequately stress the network to identify 

the most constraints.  Overshooting on the number of 

generators has a negative backlash in rating reduction 

identification.   

 

 
Figure 4. ANM Generators Vs. No. Unique Lines 

Reduced Ratings 

 

By using this information to inform user variables for the 

amount of generators connecting to the network, the 

Monte Carlo solutions will provide solutions that yield 

the most pertinent results for reduced line ratings 

resulting from future connection applications.  

 

3. Draw lengths  

  

The number of unique Monte Carlo draws to be 

undertaken requires computational overhead, although 

not considered in this paper, in the future determining 

when to consider the Monte Carlo solution complete is a 

desirable goal. The graph in Figure 5 shows that after a 

large range of probabilistic scenarios have been run, most 

constraints have been identified.  Following a 200 

iterations run, subsequent draws are only able to find 

outlier cases, that are, at best, highly unlikely and with 

very small reduction levels (below 10% rating reduction).  

For 200 iterations and with 20 generators the critical 

constraints previously identified, in the results section, 

were always highlighted for 3 independent Monte Carlo 

set draws. 

 
 

Figure 5: Monte Carlo Draws Vs. No. Unique Lines 

Reduced Ratings 

 

The three improvements discussed show the potential of 

the work for future development, to refine the Monte 

Carlo approach to deliver solutions reflective of the 

future development of electrical networks.  
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