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Executive Summary 
 
Modern technological trends for massive RES integration into the electrical grid together with the 

evolution of energy storage systems and the increasing penetration of electric vehicles contribute 

greatly to decarbonization of the energy systems and energy efficiency improvement. This initiates, 

however, significant challenges for the future operation of EU electricity system characterized by the 

wide diversity of electrical networks among EU members.  

Ideally, all system operators should have full models of all grids to carry out the network analysis in 

a digital simulation environment. However, at the present time, no network operator has models of 

the entire physical grid, in particular covering different voltage levels and all neighbouring network 

operators. The detailed modelling of the whole power system requires a huge input data and complex 

structure, and this clearly contributes to the problem. Therefore, the grid equivalents adequately 

representing the parts of European electricity systems are needed. 

During the equivalenting process, a large, branched part of the network can be substituted by a 

relevant simplified counterpart while keeping network characteristics at an appropriate level of accu-

racy. This will reduce large amount of calculations and increase the model simulation speed greatly. 

Generating grid equivalents instead of the detailed model has thereby a great practical significance 

and the grid equivalents can be convenient for different power system applications. 

In deliverable D4.2, a general concept of generating grid equivalents is being introduced alongside 

of a classification of the generated grid equivalents. The proposed methodology is needed to gener-

ate grid equivalents that will allow an accurate analysis of the complex network, by considering local 

active elements in the grid. Based on the developed INTERPLAN use cases, showcases and re-

quirements for network models and interfaces, the project will provide and deliver grid equivalents 

covering all voltage levels to be incorporated in the integrated operation planning tool and semi-

dynamic simulations environment. In a further step, the developed grid equivalents will be validated 

during the project runtime. Hence, a validated set of grid equivalents will be provided on the public 

on the website and presented to the scientific community during international conferences and 

through relevant publications. Using appropriate grid equivalents for the distribution grid, the com-

plexity of such investigations can be reduced significantly and can help distribution system operators 

(DSOs) to identify the optimal standard parametrization of small-scale distributed energy resources 

(DER). 

The “grid equivalenting”, is the process to generate a grid equivalent model encompassing a large 

part of network substituted by a smaller counterpart having the same relevant properties. To this 

aim, the network models of use cases will be designed in numerical power system simulation envi-

ronment. Then, a clustering methodology for transmission and distribution systems up to the end 

user level will be applied, and a detailed approach for generating grid equivalents will be used for 

different use cases. To realize the transition from feeder to the network level, new grid elements 

have to be considered, for example transformers, generators or synchronous machines. Depending 

on the available data, variables dealing with these grid elements are to be examined to complete the 

grid representation.  

The consortium intends to provide an integrated operation planning tool to the prospective users 

(mainly transmission system operators (TSOs) and DSOs) with the following features and ad-

vantages. It will include a library of grid equivalents responding to all known needs of operators and 

system analysts and covering all voltage levels and their active components and it will provide easy 

to use grid clustering techniques that are adaptive and responsive to the dynamic growth of the 

evolving grid thus refreshing and valid as new technologies emerge and adapted in the grid. 
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 Introduction 
 
During the early days of power system network analysis by digital computers, the need for network 

equivalents arose in order to allow the analysis of large-scale power systems to be practically pos-

sible given the limited computational speed and storage and at that time. However, due to the huge 

developments in computer technology, this constraint is no longer applicable and very large power 

systems can nowadays be analysed quickly and cost effectively on personal computers. However, 

power system equivalents are still required in industry. Practical examples include a distribution net-

work company that owns and operates a distribution network and obtains its bulk power needs from 

a transmission company from one or several substations. The transmission network may be very 

large and an equivalent at one or more boundary nodes that are judiciously selected is usually suf-

ficient for the short-circuit analysis needs of the distribution company. Similarly, the transmission 

company itself would not need to represent the distribution network in its entirety and an appropriate 

equivalent at one or more boundary nodes is usually sufficient. 

Network reduction is a mathematical process that combines and eliminates network nodes and 

branches, so that the reduced equivalent contains smaller number of nodes and branches than the 

original network. The equivalent must be capable of reproducing the electrical behaviour of the orig-

inal network at the boundary interface or nodes with sufficient accuracy. There are several types of 

power system equivalents the characteristics of which depend on the type of power system analysis 

being carried out. Equivalents may generally be classed as static or dynamic equivalents. The former 

may be used in DC (direct current) and AC (alternate current) loadflow analysis, AC short-circuit 

analysis and harmonic analysis etc. The latter are used in power system stability and control analy-

sis. 

At the present time no network operator has models of the entire physical grid covering different 

voltage levels and all neighbouring network operators. The detailed modelling of the whole power 

system requires a huge input data and complex structure, and this clearly contributes to the problem. 

So, the grid equivalents adequately representing the parts of European electricity systems are 

needed. 

1.1 Purpose of the Document 
 
The aim of this deliverable D4.2 is to introduce a general concept of generating grid equivalents 

alongside of a classification of the generated grid equivalents. The proposed methodology is needed 

to generate grid equivalents that will allow an accurate analysis of the complex network, by consid-

ering local active elements in the grid. Based on the developed INTERPLAN use cases, showcases 

and requirements for network models and interfaces, the project will provide and deliver grid-equiv-

alents covering all voltage levels to be incorporated in the integrated operation planning tool and 

semi-dynamic simulations environment. In a further step, the developed grid equivalents will be val-

idated during the project runtime. Hence, a validated set of grid equivalents will be provided acces-

sible by public on the website and presented to the scientific community during international confer-

ences and publications. Using appropriate grid equivalents for the distribution grid, the complexity of 

such investigations can be reduced significantly and can help DSOs to identify the optimal standard 

parametrization of small-scale DER. Several internal reports will be drafted regularly to illustrate the 

different iterations and improvement of the concept and will be summarized in the final version of 

this deliverable due at the end of the project.  
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1.2 Scope of the Document 
 
The scope of the deliverable is to document the development of an approach to generate simplified 

grid equivalents representing the original networks according to the required granularity by the indi-

vidual INTERPLAN use cases. 

 
1.3 Structure of the Document 
 
The report introduces the approach for generating grid equivalent models for complex electricity 

grids considering clustering methods, by analysing the requirements in respect to INTERPLAN pro-

ject use cases and showcases in Chapter 2. Chapter 3 describes the methodology for generating 

the grid equivalents considered for the usage in INTERPLAN project. Chapter 4 presents the differ-

ent grid equivalent models types, which are derived by the requirements analysis done in Chapter 

2. Chapter 5 shows the conclusions of the work and presents the next steps for generating and 

refining the grid equivalents in different iterations and through a high interaction with the other de-

velopments in the project. 
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 Grid equivalents requirements in the view of INTERPLAN project 
 

The “grid equivalenting” is the process to generate a grid equivalent model encompassing a large 

part of network substituted by a smaller counterpart having the same relevant properties. To this 

aim, the network models of use cases and showcases will be designed in numerical power system 

simulation environment.  

As previously mentioned, the scope of the work is the development of an approach to generate 

simplified grid equivalents representing the original networks according to the required granularity 

by the individual use cases. These equivalents for instance may be two-bus grid equivalent or rep-

resentative grid equivalents (with a few more nodes). If a use case or showcase does not allow such 

a two-bus simplification (due to result accuracy) accurate grid models will be designed. 

The reduction of grids to grid equivalents requires to assign load/generation data of the replaced grid 

to suitable locations in the grid equivalent. Based on the experiences and results within the project 

duration, the grid equivalents are going to be iteratively improved and enhanced if required. In order 

to define the grid equivalents, a mapping of the requirements for grid equivalents to the developed 

use cases and showcases was done by the project partners. 

In the project, the concepts of “base showcase (SC)” and “showcase” were defined [1] : 

The base showcase was defined as “Presentation of base use case(s) with no planning criteria and 

no controllers for emerging technologies, such as Renewable Energy Resources (RES), Distributed 

Generation (DG), demand response or storages in the frame of chosen scenario, simulation type, 

test model, and time-series data. The base showcase allows to analyze the operation challenges of 

the related use case(s) and improvements achieved through the application of planning criteria with 

related implementation of controllers in the associated showcase”, while the showcase was defined 

as “Presentation of use case(s) in the frame of chosen scenario, simulation type, test model, time-

series data and planning criteria”. 

  

Based on those definitions and use cases developed in the project, five base showcases and five 

showcases have been developed: 

 Low inertia systems 

 Effective DER operation planning through active and reactive power control 

 TSO-DSO power flow optimization 

 Active and reactive power flow optimization at transmission and distribution networks 

 Optimal energy interruption management 

  

These showcases are aiming to achieve the following planning criteria: 

 Minimize losses 

 Minimize costs 

 Maximize share of RES 

 Assure voltage stability  

 Assure transient stability 

 Optimize TSO/DSO interaction 

 Maximize DG/RES contribution to ancillary services 

 Assure frequency stability 

 Minimize energy interruptions 

As already mentioned, the consortium intends to provide in the integrated operation planning tool, 
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which will be presented in INTERPLAN deliverable D5.2 [1], the following features and advantages 

in regards to the clustering and grid equivalenting. It will include a library of grid responding to the 

needs of INTERPLAN project and covering all voltage levels and their active components and it will 

provide easy to use grid clustering techniques that are adaptive and responsive to the dynamic 

growth of the evolving grid thus refreshing and valid as new technologies emerge and adapted in 

the grid. The following flowchart shows how grid equivalenting is going to be integrated into the 

INTERPLAN tool set. The related description of the tool set is provided in deliverable D5.2. 

 

Figure 1 Section of the INTERPLAN tool flowchart that reflects the application of grid equivalenting 
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2.1 General Considerations 
 
Considering the INTERPLAN use cases and showcases the following table defines the requirements 
of the grid equivalents. 

Table 1 Requirements of the grid equivalent in the view of INTERPLAN project 

Use Case / Showcase 
Grid(s) inves-

tigated 
Requirements for grid equivalent model 

UC_1: Coordinated 

voltage/reactive power 

control 

Transmission-

distribution 

grid 

Sub Use Case (UC) needs two grid equivalents one 

modelling TSO and the other modelling DSO. It 

means while studying TSO, DSO should be placed as 

an equivalent grid and vice versa. The grid equivalent 

can involve just the overall information of each con-

nection point including voltage, active and reactive 

power. 

UC_2: Grid Congestion 

Management 

Transmission-

distribution 

grid 

The grid equivalent should keep the following:                   

• number of busbars; 

• several sensitivities parameters (dP/dP, dV/dP,    

  dP/dQ, etc.); 

• lines characteristics 

UC_3: Frequency ter-

tiary control based on 

optimal 

Transmission-

distribution 

grid 

 

Sub UC needs two grid equivalents, one modelling 

TSO and the other modelling DSO. It means while 

studying TSO, DSO should be placed as an equiva-

lent grid and vice versa. The grid equivalent can in-

volve just the overall information of each connection 

point including voltage, active and reactive power. 

UC_4: Fast Frequency 

Restoration Control 

Transmission-

distribution 

grid 

The grid equivalent should keep following require-

ments:                   

• Total grid freq. droop contribution per each control  

   area; 

•  Tie-line active power flow among control areas; 

UC_5: Power balancing 

at DSO level 

Transmission-

distribution 

grid 

Simple grid equivalent model for transmission net-

work has to be considered 

UC_6: Inertia manage-

ment 

Transmission-

distribution 

grid 

Dynamic grid equivalent models need to be devel-

oped for both transmission and distribution grids 

UC_7: Optimal genera-

tion scheduling and siz-

ing of DER for-energy 

interruption manage-

ment 

Transmission-

distribution 

grid 

The equivalent for the low voltage (LV) feeder and 

medium voltage (MV) feeder is required for the net-

work preparation.  

The grid equivalent model should represent with the 

minimum size the properties of the original network 

with certain accuracy. 

SC_1:  Low inertia sys-

tems 

Transmission-

distribution 

grid 

Dynamic grid equivalent models need to be devel-

oped for both transmission and distribution grids. Grid 

topology can be ignored. 

SC_2:  Effective DER Transmission- For the show case, the detailed equivalent model as 
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Use Case / Showcase 
Grid(s) inves-

tigated 
Requirements for grid equivalent model 

operation planning 

through active and re-

active power control 

distribution 

grid 

result of clustering approach is not needed, rather a 

simplified representation should be sufficient. The 

sensitivity of only the critical node with respect to point 

of connection can be incorporated in the grid equiva-

lent. 

SC_3:  TSO-DSO 

power flow optimization 

Transmission-

distribution 

grid 

SC needs two grid equivalents one modelling TSO 

and the other modelling DSO. It means while studying 

TSO, DSO should be placed as an equivalent grid and 

vice versa. The grid equivalent can involve just the 

overall information of each connection point including 

voltage, active and reactive power. 

SC_4:  Active and reac-

tive power flow optimi-

sation at transmission 

and distribution net-

works 

Transmission-

distribution 

grid 

SC needs two grid equivalents one modelling TSO 

and the other modelling DSO. It means while studying 

TSO, DSO should be placed as an equivalent grid and 

vice versa. The grid equivalent can involve just the 

overall information of each connection point including 

voltage, active and reactive power. Grid equivalenting 

should be possible by providing simplified network 

models with aggregated values for voltage (V), active 

Power (P) and reactive power (Q) 

SC_5:  Optimal energy 

interruption manage-

ment 

Transmission-

distribution 

grid 

The equivalent for the LV feeder and MV feeder is re-

quired for the network preparation. The grid equiva-

lent model should represent with the minimum size 

the properties of the original network with certain ac-

curacy. 

 
 
2.2 Requirements analysis  
 
After analysing the gathered information from Table 1, several conclusions can be considered:  
 

 There is the need to have different types of grid equivalents depending on the voltage lev-

els and model granularity. 

 Models should be developed for both transmission and distribution networks. 

 Basic models (simplified network models) should be simple enough to lower simulation time 

and maintain key characteristics of the “original” grid (e.g. voltage at connection point, ac-

tive and reactive power etc.) 

 A set of grid equivalent models should consider also the grid topology and reflect different 

voltage levels 

 For some of the use cases / showcases dynamic grid equivalents should be developed 
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 General Concept of Generating Grid Equivalents 

To support the EU power system planning and operation, a more fruitful interaction between DSOs 

and TSOs is expected, for which grid equivalents representing different parts of electrical networks 

are required. A fundamental step for this is feeder/ grid clustering, which allows to identify unique 

grid/ feeder clusters depending on specific network properties. Clustered electrical networks will pro-

vide the basis for the creation of a standardized reference grid model, permitting a wide range of 

simulations while requiring limited data input. 

The networks used to determine grid clusters should be representative of the network of interest, for 

which a grid equivalent is to be computed, not only in terms of their electrical characteristics or top-

ological structure, but also regarding many other aspects, such as for example, type of customers 

and their loads, supply areas (industrial/ urban or rural). This will allow to establish the equivalent 

model of electrical grids more accurately. 

A general approach proposed for generating grid equivalents is schematically presented in Figure 2. 

 

Figure 2: Basic algorithm for generating grid equivalents 

3.1 Feature Selection and Definition of Parameter Interrelations 

As a starting point for the computation of grid equivalents, it is considered that grid clusters have 

already been identified. Hence, those equivalents would be built upon predefined clusters, by iden-

tifying subsets of a network to their corresponding clusters, and merging feeders belonging to the 

same cluster first. As a final step, feeders corresponding to heterogeneous clusters will be combined 

to obtain a simple grid equivalent. In order to merge homogeneous and heterogeneous feeders, it is 

necessary to identify the relationship between Key Performance Indicators (KPIs) and network pa-

rameters defined in [1]. Such relationships or maps tell how the parameters of the grid equivalent 

would look like. 

https://translate.academic.ru/specific/ru/en/
https://translate.academic.ru/provide%20the%20basis%20for/ru/en/
https://translate.academic.ru/provide%20the%20basis%20for/ru/en/
https://translate.academic.ru/wide%20range/ru/en/
https://translate.academic.ru/interrelation/ru/en/
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 Feature selection 

Before starting an equivalenting process the most appropriate KPIs should be identified. In an ideal 

case, all characteristics related to the KPI calculation have to be already implemented into a preced-

ing clustering procedure. If the functional relationship between the KPI-variables and common clus-

tering parameters cannot be directly observed, it is recommended to specify the model of depend-

ence among the characteristics by using regression analysis. 

In the case of linear regression, the model, that relates the dependent variable to the given features, 

can be defined as follows: 

𝑦 = 𝑋𝑤 + 𝜀 (1) 

where 𝑦 is a vector of the dependent variable; 

𝜀  is an error term, corresponding to the random, unpredictable model error; 

𝑋 is a matrix of feature observations, sized n rows by (p+1)-columns, where n represents the 
number of observations and p represents the number of parameters; 

𝑤  is a (p+1)-dimensional parameter vector; its elements are often referred to as “weights”. 

Thus, the problem of determining the relationship between the chosen KPI-variable and feeder fea-

tures used for clustering has the main task in finding the optimal weights 𝑤𝑖 from the given data set. 

For a better understanding of linear regression models the matrix form of equation (1) is visualized 

on Figure 3. 

 

Figure 3: Matrix representation of the linear regression model 

https://translate.academic.ru/before%20starting/ru/en/
https://de.pons.com/%C3%BCbersetzung/englisch-russisch/already
https://translate.academic.ru/preceding/ru/en/
https://translate.academic.ru/preceding/ru/en/
https://translate.academic.ru/equation/ru/en/
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 Definition of Parameter Interrelations 

Another important issue in understanding of parameter interrelation is the definition of requirements 

for parameter combining. It is necessary to decide, how the equivalent variable could be represented: 

as a resulting sum of each variable of the given type, e.g. the sum of impedances or the sum of 

power losses; as an extremum value, e.g. the maximum voltage drop/ rise or maximum loading; or 

as any other representative parameter value. 

3.2 Feeder Assignment to the Pre-Defined Classes 

Figure 4 schematically illustrates an example of a distribution grid with n radial feeders connected to 

the substation terminal. The given grid is assumed to be substituted by a simplified equivalent grid 

model. 

 

Figure 4: Schematic diagram for typical radial distribution system 

The relevant characteristics of each new feeder have to be analysed thoroughly in order to correctly 

assign the feeder to one of the already identified classes. This could be performed automatically 

through computing the distances from each new object, i.e. feeder, to the obtained cluster centres 

according to the specified distance metric (for more details see Deliverable D4.1 “Method for clus-

tering distributions grid” [2]). Minimum distance value would serve as a criterion for belonging to the 

nearest class of feeders. 

Alternatively, determination of feeder classes could be realized by implementing a classification ap-

proach, such as for example, the Nearest Neighbours method. The class membership of each object 

will be defined by the most frequent class among its k nearest neighbours. Following this approach 

it is necessary to apply the identical distance measure previously used for K-means clustering. 

3.3 Aggregation of Feeder Parameters 

After identification of class membership all the feeders belonging to the same class can be aggre-

gated to a representative feeder unit, representing the spectrum of properties for the whole feeder 

group. In this case, the above mentioned requirements for parameter interrelations should be taken 

into account.  

https://translate.academic.ru/interrelation/ru/en/
https://translate.academic.ru/interrelation/ru/en/
https://translate.academic.ru/schematically/ru/en/
https://translate.academic.ru/serve%20as%20a%20criterion/ru/en/
https://translate.academic.ru/be%20defined/ru/en/
https://translate.academic.ru/following/ru/en/
https://translate.academic.ru/aggregate/ru/en/
https://translate.academic.ru/aggregate/ru/en/
https://translate.academic.ru/above/ru/en/


 GA No: 773708  

Deliverable: D4.2 Revision / Status: RELEASED 16 of 23 

The resulting equivalent grid can be designed based on the set of m feeders presenting each feeder 

class (see Figure 5) or the equivalent grid can be shown as a single equivalent element combining 

electrical and topological characteristics of feeders belonging to different classes (see Figure 6), e.g. 

total cable length, total number of nodes, total impedance. 

 

 

Figure 5: Equivalenting of the population of feeder classes 

 

Figure 6: Single grid equivalent representation 

3.4 Equivalent grid impedance 

As a particular case of grid equivalenting, if the focus of the study lies on defining the equivalent grid 

impedance, it is recommended to apply the equal power loss method. The proposed method is based 

on the principle, that total power losses are equal to the sum of branch losses.  

To divide active power losses in the given electrical grid Δ𝑃𝑔𝑟𝑖𝑑  into two main components: active 

power losses in lines Δ𝑃𝐿 and active power losses in transformers Δ𝑃𝑇, the equivalent grid imped-

ance 𝑍𝑒𝑞 𝐺𝑟𝑖𝑑 is represented by equivalent line impedance 𝑍𝑒𝑞 𝐿 and equivalent transformer imped-

ance 𝑍𝑒𝑞 𝑇 connected in series (see Figure 7). 

 

Figure 7: Concept of grid equivalenting based on equivalent impedance 

https://translate.academic.ru/appropriate/ru/en/
https://translate.academic.ru/resultant%20impedance/ru/en/
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The equivalent line impedance is the sum of the individual line losses divided by square of the total 

current. For each of m line segments with impedance 𝑍𝐿𝑖 and current 𝐼𝐿𝑖 the equivalent impedance 

can be calculated as follows: 

𝑍𝑒𝑞 𝐿 =
Δ𝑃𝐿

3𝐼𝑡𝑜𝑡𝑎𝑙
2 =

∑ 𝐼𝐿𝑖
2 ∙ 𝑍𝐿𝑖

𝑚
𝑖=1

𝐼𝑡𝑜𝑡𝑎𝑙
2  (2) 

 

The same is true for equivalent impedance of n transformers: 

𝑍𝑒𝑞 𝑇 =
Δ𝑃𝑇

3𝐼𝑡𝑜𝑡𝑎𝑙
2 =

∑ 𝐼𝑇𝑗
2 ∙ 𝑍𝑇𝑗

𝑛
𝑗=1

𝐼𝑡𝑜𝑡𝑎𝑙
2  (3) 

 

3.5 Transition to the Network Level and Creation of Grid Equivalents 

An evaluation of unique features derived from sets of feeder clusters is used as a basis for the net-

work exploration in general; next steps would consider the network level. This allows creating the 

grid equivalents, able to represent the key properties of real electrical networks for individual use 

cases and showcases of the INTERPLAN Project. The preceding clustering approach could be ini-

tially performed at network level, a feeder-based cluster analysis yields, however, more accuracy 

according to our preliminary results.  

To realize the transition from feeder to the network level, new grid elements have to be considered, 

for example transformers, generators or synchronous machines. Depending on the available data, 

variables dealing with these grid elements are to be examined to complete the grid representation.  

3.6 Validation of Grid Equivalents 

The proposed concept for generating grid equivalents has to be evaluated under real grid conditions 

and against full models. In order to modify and improve the developments, the equivalent models 

are to go through a validation process in simulation environments based on representative use cases 

of the INTERPLAN project. After verifying the results, the developed models can be implement into 

the grid equivalents library able to cover the relevant use cases. 

  

https://translate.academic.ru/preceding/ru/en/
https://translate.academic.ru/initially/ru/en/
https://translate.academic.ru/initially/ru/en/
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 Grid equivalents types 
 
In the past, various methods for determining static and dynamic equivalents have been proposed. 

As described in [2] equivalenting methods can roughly be divided into two groups. The first group 

requires no knowledge about the configuration and parameters of the external system. Usually, these 

methods solely utilise measurements from the study system and its boundary (e.g. those described 

in [3], [4]). The second group requires knowledge about the external system and the methods are 

generally referred to as model reduction methods. The resulting equivalents can be suitable for static 

and/or dynamic studies.  

One of the first developed static network equivalents is the so-called Ward equivalent, which was 

introduced in [5] and further developed in [6]. In the Ward equivalent, the generators and loads in 

the external system are converted into constant current injectors, which then allows elimination of all 

external buses. Aschmoneit and Verstege [7] presented an extension of the equivalent to enable 

steady-state assessment of generator outages. For that purpose, the effect of the speed governors 

of the generators in the external system was included in the derivation of the equivalent. In [8], the 

so-called generalised Ward equivalent was introduced. This extension allowed to account for 

changes in reactive power injection from the external system, by expressing it solely as a function of 

the bus voltages at the study system's boundary. A dynamic Ward equivalent for transient stability 

analysis was discussed in [9]. It allows to eliminate all buses in the external system where voltage-

dependent loads are connected.  

Another approach uses REI (radial, equivalent and independent) equivalents. The method was first 

presented in [10] and aimed at replacing a set of nodes by one new equivalent node. In order to 

perform the reduction, a zero-loss network is setup, which connects all load (resp. generator) buses 

of the external system with a new fictitious bus.  Subsequently, the generators and loads of the 

external system are merged at the new buses and the external nodes are eliminated. A dynamic REI 

equivalent suitable for transient stability studies was presented in [11]. The authors propose to de-

termine REI equivalents at the boundary buses of the study system. At the newly created nodes, 

equivalent generators of coherent generator groups are defined. Then the machine parameters of 

the equivalent generators are determined through participation factors. For aggregation of coherent 

generators, several other approaches were developed. In [12], the parameters of an equivalent gen-

erator and its controllers are determined through a least-square fit of the transfer function of the 

coherent generator group. A trajectory sensitivity method is used in [13] to determine the exciter 

parameters of the aggregated generators. In [14], the authors proposed a structure preserving tech-

nique to compute the parameters of the equivalent generator. 

 

Depending on the topology of the required network and the focus voltage level, there are several 

possibilities when generating grid equivalents. 

 
4.1 Basic grid equivalents (static) 
 
The basic grid equivalent should represent in a simple model the complex grids by only considering 

basic characteristics like connection node voltages and reactive and active power values. This can 

be achieved by scaling up of most representative feeders based on grid clustering. Thus, the result-

ing grid equivalent should look like a small network model with one or more feeders depending on 

the different identified feeder/network classes. Figure 8 and Figure 9 depict the equivalenting method 

and how a simple equivalent can be represented. 
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Figure 8 Equivalenting of the population of feeder classes 

 

 

Figure 9: Single equivalent representation 

 
4.2 Advanced grid equivalents (static) 
 
This type of grid equivalents should be a combination of basic grid equivalents considering the to-

pology and different voltage levels. The main idea is to keep as intact as possible the grid transform-

ers parameters of the voltage levels under focus. Figure 10 shows for what parts of the network grid 

equivalenting should/could be performed. 

 

Figure 10: Voltage levels used for the advanced grid equivalents 
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4.3 Dynamic grid equivalents 
 

In [15], a new method is proposed for representing the inertial and primary frequency control effects 

of an external system in time-domain simulation. It is assumed that the unreduced system is large 

and contains the study system. As outlined so far, most techniques for external system equivalenting 

involve merging the original synchronous machines into a number of equivalent machines. This 

raises at least two issues: (i) find proper parameters to assign to those fictitious machines (and their 

associated controllers) and (ii) avoid creating artificial modes of oscillations (not present in the unre-

duced model) involving those machines. Both these issues are easily addressed with the model 

proposed in the paper. It consists of dynamic power injectors (DPIs) distributed along the boundary 

of the study system and emulating the response of the external system to active power imbalance 

and frequency excursions. Note that the equivalent is not aimed at preserving inter-area electrome-

chanical oscillations, which are assumed to have proper damping. Instead, the equivalent focuses 

on the global mode (also referred to as common mode by some authors) of rotor oscillation, which 

is the well-damped oscillatory mode with the lowest frequency present in all machine speed re-

sponses. Figure 11 represents and abstract illustration of the reduction of a large power system 

considering as described above. 

 

Figure 11 Abstract illustration of the reduction of a large power system model [14] 

Along the project’s duration, the work on development of dynamic grid equivalent models will con-

tinue in order to identify and develop the best method for deriving such models.  
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 Conclusions and further work 
 
In order to define the grid equivalents, a mapping of the requirements for grid equivalents for the 

developed INTERPLAN use cases and showcases was done by the project partners. Based on the 

identified requirements, an approach to generate simplified grid equivalents representing the original 

networks according to the required granularity by the individual use cases was established and pre-

sented in this deliverable. 

Depending on the topology of the required network and the focus voltage level, several types of grid 

equivalents were identified: 

 

 Basic Grid Equivalents – simple representation of the grid focusing mainly on preserving 

Voltage, Active and Reactive power characteristics 

 Advanced Grid Equivalents – More complex representation considering also different volt-

age levels and equivalenting different grid areas  

and 

 Dynamic Grid Equivalents – Simple or Advanced Grid Equivalents suitable for transient sta-

bility studies   

 

 

Based on the developed INTERPLAN approach to generate simplified grid equivalents, the project 

will provide and deliver grid-equivalents covering all voltage levels to be incorporated in the operation 

planning and semi-dynamic simulations environment. In a further step, the developed grid equiva-

lents will be validated during the project runtime. Hence, a validated set of grid equivalents will be 

provided accessible by public on the website and presented to the scientific community during inter-

national conferences and publications. Using appropriate grid equivalents for the distribution grid, 

the complexity of such investigations can be reduced significantly and can help DSOs to identify the 

optimal standard parametrization of small-scale DER. 

 

The consortium intends to provide for the integrated operation planning tool the following features 

and advantages in respect to grid clustering and equivalenting: It will include a library of grid equiv-

alents in CIM-Format responding to the needs of showcasing the project results and covering all 

voltage levels and their  active components and it will provide easy to use grid clustering techniques 

that are adaptive and responsive to the dynamic growth of the evolving grid thus refreshing and valid 

as new technologies emerge and adapted in the grid. 

The further development of the grid equivalents will also be documented in additional internal reports 

available to the consortium and will highlight the high interaction between different work packages 

and the iterative process of defining and refining grid equivalents. 

 
  



 GA No: 773708  

Deliverable: D4.2 Revision / Status: RELEASED 22 of 23 

 
 References 

 

[1]  M. K. /. I. W. /. I. S. /. I. K. /. A. H. /. A. K. /. D. S. /. D. C. /. E. D. S. /. V. /. E. G. /. E. H. /, 
“Deliverable D5.1 INTERPLAN showcases,” 2018. 

[2]  A. P. /. A. A. A. /. A. C. /. A. K. /. D. D. S. /. E. C. /. E. G. /. E. V. /. E. B. /. A. R. /. I. H. /. I. H. /. 
FOSS, “Deliverable D4.1Method for clustering distributions grid,” INTERPLAN H2020 Project 
https://interplan-project.eu/, 2019. 

[3]  J. B. J. B. J. Machowski, Power system dynamics: stabilityand control, John Wiley & Sons,, 
2009.  

[4]  J. D. M. L. J. e. a. Dopazo, “An external system equivalentmodel using real-time measurements 
for system security evaluation,” IEEETrans. Power Appar. Syst, vol. 96, no. 2, pp. 431-446, 
1977.  

[5]  X. L. Z. B. J. Feng, “Identification based dynamic equivalencing,” in IEEE PowerTech , 
Lausanne, 2007.  

[6]  J. Ward, “Equivalent circuits for power-flow studies,” AIEE Trans, vol. 68, no. 2, pp. 373-382, 
1949.  

[7]  A. D. S. G. A. e. a. Monticelli, “Real-time externalequivalents for static security, analysis,” EEE 
Trans. Power Appar. Syst, vol. 98, no. 2, pp. 498-508, 1979.  

[8]  F. V. J. Aschmoneit, “An external system equivalent for on-linesteady-state generator outage 
simulation’,” IEEE Trans. Power Appar. Syst, vol. 98, no. 3, pp. 770-779, 1979.  

[9]  R. v. M. H. van Amerongen, “A generalisedWard equivalent forsecurity analysis,” IEEE Trans. 
Power Appar. Syst., vol. 101, no. 6, p. 1519–1526, 1982.  

[10]  T. M. L. P. A. Baldwin, “Dynamic Ward equivalents for transientstability analysis,” IEEE Trans. 
Power Syst, vol. 9, no. 1, pp. 59-67, 1994.  

[11]  P. Dimo, Nodal analysis of power system, Kent, England: Abacus Press, 1975.  

[12]  F. S. K. Milano, “Dynamic REI equivalents for short circuit andtransient stability analyses,” 
Electr. Power Syst. Res, vol. 79, no. 6, p. 878–887, 2009.  

[13]  A. P. R. Germond, “Dynamic aggregation of generating unitmodels,” IEEE Trans. Power Appar. 
Syst, vol. 97, no. 4, pp. 1060-1069, 1978.  

[14]  R. C. J. P. W. e. a. Galarza, “Aggregation of exciter modelsfor constructing power system 
dynamic equivalents,” IEEE Trans. PowerSyst., vol. 13, no. 3, p. 782–788, 1998.  

[15]  M. D. L.-A. D. V.-Q. Ourari, “Dynamic equivalent modeling oflarge power systems using 
structure preservation technique,” IEEE Trans.Power Syst., vol. 21, no. 3, pp. 1284-1295, 2006.  

[16]  T. Weckesser and T. V. Cutsem, “Equivalent to represent inertial and primary frequency control 
effects of an external system,” IET Generation, Transmission & Distribution , vol. 11, no. 14, 
pp. 3467-3474, 2017.  

[17]  H. Farhangi, “The path of the smart grid,” IEEE Power and Energy Magazine, vol. 8, no. 1, pp. 
18-28, 2010.  

[18]  SmartGrids, “SmartGrids,” [Online]. Available: www.smartgrids.eu. [Accessed 2009 03 15]. 

 
 
 

 



 GA No: 773708  

Deliverable: D4.2 Revision / Status: RELEASED 23 of 23 

 Annex 
 
7.1 List of Figures 
 
Figure 1 Section of the INTERPLAN tool flowchart that reflects the application of grid equivalenting10 
Figure 2: Basic algorithm for generating grid equivalents .............................................................. 13 
Figure 3: Matrix representation of the linear regression model ...................................................... 14 
Figure 4: Schematic diagram for typical radial distribution system ................................................ 15 
Figure 5: Equivalenting of the population of feeder classes ........................................................... 16 
Figure 6: Single grid equivalent representation ............................................................................. 16 
Figure 7: Concept of grid equivalenting based on equivalent impedance ...................................... 16 
Figure 8 Equivalenting of the population of feeder classes ............................................................ 19 
Figure 9: Single equivalent representation .................................................................................... 19 
Figure 10: Voltage levels used for the advanced grid equivalents ................................................. 19 
Figure 11 Abstract illustration of the reduction of a large power system model [14] ....................... 20 
 
7.2 List of Tables 
 
Table 1 Requirements of the grid equivalent in the view of INTERPLAN project ........................... 11 
  
 


