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ABSTRACT 

Curtailment assessments are essential for calculating the 

available capacity for new generation connections in 

constrained distribution networks. Curtailment 

assessments are developed using different methodologies 

which vary in performance and accuracy. Methodology 

selection depends on the desired output and scope of the 

study as well as the intended user of the assessment. The 

objective of this paper is to describe each of the 

methodologies and define their scopes. The paper presents 

results of the comparison of the methods and the variation 

in the results obtained using different Power Analysis 

software. Furthermore, example curtailment assessment 

applications are presented in order to show different use 

cases for the characterised methodologies. Conclusions 

are drawn from the results.  

INTRODUCTION 

When deploying Active Network Management (ANM) 

systems, it is necessary to define the available capacity and 

the levels of curtailment a Non-Firm Generator (NFG) 

might experience. This allows generation developers to 

assess the economic feasibility of connecting in a 

constrained network. This paper compares several of these 

methods based on their accuracy and performance. Each 

method uses a different power flow engine or technique. 

 

Several UK Distribution Network Operators (DNOs) are 

rolling out ANM systems in their networks as a solution to 

heavily constrained circuits. Accelerating Renewable 

Connections (ARC) is a Scottish Power Energy Networks 

(SPEN) project funded by the Low Carbon Network Fund. 

It aims to provide faster and less expensive connections to 

distributed generation when compared with traditional 

network reinforcements. To support this, the project is 

developing and using an Online Curtailment Assessment 

Tool (OCAT) to estimate the level of curtailment that NFG 

connecting to SPEN networks might experience.  The 

project has also delivered more detailed curtailment 

assessments for generation connections that have gone 

through the initial feasibility process. OCAT is based on 

Smarter Grid Solutions (SGS) developed curtailment 

assessment methodologies. 

 

Case Study network 

The case study network used in this paper is a simulated 

11 kV circuit with no installed generation. Four new 

generators are to be connected to this network as shown in 

Figure 1. In the worst case scenario, i.e. when minimum 

demand and maximum generation coincide, the 

connection of this generation would result in a voltage rise 

over the design limits. This worst case condition is 

typically associated with producing a 1.018 PU voltage at 

the circuit’s source bus as implemented within this study 

and the over-voltage limit within the circuit is defined as 

1.02272 PU. The generators are named from left to right 

as Generator 1, 2, 3 and 4. 

 

 
Figure 1 Schematic of 11kV Case Study Network. 

By using Active Network Management (ANM) [1] within 

this network it is possible to connect all the generators 

while maintaining the network operating within the design 

limits.  

The network summary can be seen in Table 1.  
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Table 1: Network Summary (the generators are sorted by 

curtailment priority) 

Device Rated Capacity 

Load 1 1 [MW] 

Load 2 1 [MW] 

Generator 4 0.25 [MW] 

Generator 3 0.25 [MW] 

Generator 1 0.5 [MW] 

Generator 2 0.5 [MW] 

 

EVALUTION OF GENERATION 

CURTAILMENT ASSESSMENT METHODS 

In order to ensure the voltage remains within the design 

limits, the ANM system curtails the generators following 

the network access priority methodology Last In First Off 

(LIFO) [2]. 

SGS has developed several curtailment analysis methods 

which allow generation developers to assess the economic 

feasibility of connecting in a constrained network.  

 

Table 2 summarizes the curtailment assessment methods 

studied within this paper. 

 
Table 2: Curtailment assessment methods and tools  

No. Method type Main software 
API 

Language 

1 
Spreadsheet with 
Sensitivity Factors 

(SF) 

Microsoft Excel  

PowerFactory 
None 

2 
Scripted 
PowerFactory 

PowerFactory Python 

3 Scripted IPSA IPSA Python 

4 Scripted OpenDSS OpenDSS Python 

 

The curtailment assessments were performed based on one 

year of half hourly data. This data was generated from real 

demand and generation profiles in order to ensure the 

simulation provides realistic results.  

 

Spreadsheet-based method with Sensitivity 

Factors  
This simplified method does not require use of automated 

scripted power analysis software. It uses sensitivity factors 

(SF) calculated with PowerFactory to approximate the 

necessary curtailment using Microsoft Excel. This method 

is best used to analyse simple networks. The voltage 

change is calculated as shown in Equation 1. The 

differentials are provided by the real and reactive power 

SF. 

 

Equation 1: Voltage calculation 

∆𝑉 =
𝜕𝑉

𝜕𝑃
𝑃 +

𝜕𝑉

𝜕𝑄
𝑄 

 

Scripted Methods 
All the scripted methods use the same Python script. Only 

the power analysis software which interacts with the script 

changes. This provides consistency between methods and 

allows ease of comparison between them.  

 

Scripted PowerFactory (PF) 

This scripted method uses PowerFactory power analysis 

software [3]. The PowerFactory API was originally written 

for C++, and recently a Python API version was released 

in parallel within PowerFactory version 15.1. Currently, 

the Python API is not fully stable and continues to be 

updated.  

 
Scripted IPSA 

This scripted method uses IPSA power analysis software 

[4]. IPSA is the software with the most mature Python API. 

This maturity provides more confidence in results due to 

high replicability as well improved functionality that 

avoids interruptions.  

 
Scripted OpenDSS 

This scripted method uses OpenDSS power analysis 

software [5]. This software is open source and freely 

available to use. The OpenDSS API was not written for 

Python and uses Microsoft Windows-based Dispatch 

library which initializes it. Therefore, some methods 

cannot be used natively in Python and must be adapted for 

use in Dispatch. This makes the API more difficult to use 

when compared with the IPSA and PowerFactory APIs.  

 

CURTAILMENT RESULTS COMPARISON 

General Results 
The spreadsheet methods are simpler and have better 

performance, in terms of speed of calculation and 

flexibility of adaptation, when compared with the scripted 

load flow-based methods. Load flow-based methods are 

more accurate when used on more complex networks and 

vary in performance depending on the power analysis 

software used. Depending on the implementation and 

network size, PowerFactory tends to take longer to 

compute than IPSA and OpenDSS. However, 

PowerFactory offers greater functionality, such as 

providing sensitivity factor values.  

Curtailment Results 

In order to maintain the network within the defined limit 

(0.95-1.02272 PU), only the last generator in the stack, i.e. 

Generator 2, has to be curtailed. The rated capacity of 

Generator 2 is defined as 0.5 [MW] and has an uncurtailed 

capacity factor (CF) of 32.93%. This CF was derived from 
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a real wind power profile. The curtailment assessment 

results can be seen in Table 3.  

As can be seen from this table, the results are quite 

consistent with small variations between analysis methods.  

 

 
Table 3: Generator 2 curtailed capacity factor 

PowerFactory Ipsa OpenDSS Spreadsheet 

32.84% 32.11% 32.83% 32.13% 

 

Scripts Comparison 
With respect to performance, i.e. analysis speed, it is 

greatly impacted by the PC running the studies. This 

makes it difficult to compare the performance of each 

script in an objective manner. As a reference point, IPSA 

takes approximately 2.5 seconds to solve the first 100 

steps. Solving the same 100 steps takes approximately 50 

seconds in OpenDSS and 100 seconds in PowerFactory. 

The PC used to calculate these studies is a quad core Intel 

Core i7-368 7U @2.10GHz 2.60GHz with 8 GB RAM. 

Comparing 100 steps only, allows comparison of 

performance and reduces the effect of implementation 

errors such as memory leakage. 

 

In Figure 2 the exported power flow is shown. There is 

only a minor difference in the power exported through the 

grid infeed in the first 500 steps. This difference remains 

marginal throughout all time steps. 

 

 
Figure 2 Graph showing power flow exported through grid 

infeed for scripted analysis methods 

 

Similarly, in Figure 3, the difference between the scripts in 

relation to voltage calculation is marginal. This variation 

is mainly due to the difference in reactive power 

calculation in the different power flow engines. 

 

 
Figure 3 Voltage calculation results from each of the scripted 

methods 

EXAMPLE APPLICATIONS OF 

CURTAILMENT ASSESSMENT METHODS 

This section presents and discusses the application of the 

curtailment assessment techniques in the ARC project to 

highlight key features of the use of the techniques for 

different purposes. 

Online Curtailment Analysis Tool (OCAT) 

The OCAT [6] is an online web portal developed within 

the ARC project and based on Spreadsheet with SF 

methodology. OCAT provides customers with an estimate 

of available capacity within the SPEN network. The 

OCAT pre-calculates the curtailment for a large number of 

technology types, rated capacities and location 

combinations throughout several circuits. OCAT has been 

developed for SPEN, an organisation that uses 

PowerFactory as the preferred power flow engine. 

Considering the speed of PowerFactory performance, it 

would not be possible to study all the necessary 

combinations using a scripted method. It is important to 

highlight that OCAT is a pre-feasibility tool which 

provides estimated results. Once the developer agrees on a 

connection point, more detailed curtailment analysis are 

necessary. These detailed studies make use of the scripted 

methods in order to ensure accuracy in complex network 

studies.  

Detailed Curtailment Assessment 

A scripted PowerFactory-based curtailment assessment 

study provides developers with a more accurate and 

detailed estimation of available capacity for new 

connections. The chosen power flow engine depends 

normally on the DNO preference. Using a single script 

engine allows consistency throughout all the curtailment 

assessment developed. SGS also performs curtailment 

assessment based on power flow engines not covered in 

the scope of this paper such as CYME, PSSE and others. 

 

 The ARC project uses a PowerFactory-based detailed 

curtailment assessment script. PowerFactory is the power 

flow engine used by SPEN within the ARC network. 

Therefore, the scripts are able to make use of the already 
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existing circuit models. By using these circuits, it is 

possible to replicate the normal design process followed 

by SPEN. 

 

Within ARC, several type of generators have been studied 

including windfarms, photovoltaic arrays and gas turbines. 

Furthermore, the GSP points studied under ARC present 

different types of constraints such as voltage and thermal 

constraints. The studied generators range in size from 

small 11 [kV] connected generators to wind farms of rated 

capacity as high as 62.5 [MW]. So far the curtailment 

calculation scripts have successfully studied these 

different conditions providing developers with an 

indication of the expected curtailment. This expected 

curtailment figure allows them to assess the feasibility of 

accepting a non-firm connection against the traditional 

firm connection alternative. 

CONCLUSIONS 

All the methods presented in this paper demonstrate 

relatively similar and consistent curtailment assessment 

results. The main difference is in relation to the 

performance, i.e. the time taken to perform the study and 

the scope and flexibility of the APIs. When the curtailment 

study objectives and scope are well defined, it is possible 

to choose the most appropriate method in order to obtain 

the best results and enhance the information available in 

the generation connection process. 

The spreadsheet method is the most convenient method for 

simple networks. For more complex networks, IPSA has 

the best API and best performance in relation to the 

scripted methods and OpenDSS provides a good open 

source alternative. The PowerFactory API is sometimes 

unstable with API changes from version to version making 

the script difficult to maintain. Furthermore, it presents the 

worst performance which is mainly limited by the speed of 

communication with the internal PowerFactory database. 

However, PowerFactory does allow for the extraction of 

SF values for both voltage and power flow calculations, 

which increases the accuracy of spreadsheet-based 

methods. 
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