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ABSTRACT 

Smart Sizing, a tool for long-term planning of smart 

distribution systems is presented. The tool can be used by 

the planning engineer to determine the optimal long-term 

target network, a concrete vision that acts as guiding 

principle in the network expansion decision process. The 

identification of this ideal network consists of four 

phases: data collection, model calibration, analysis, and 

ex-post calculations. At the heart of the process lies an 

optimisation routine that solves an optimisation problem 

of a smart grid with different voltage levels and a 

presence of distributed energy sources and flexible loads.  

INTRODUCTION 

This paper presents a new optimisation model, Smart 
Sizing, for long-term planning of smart distribution 
systems. The goal of the optimisation problem is to find 
an ideal target network in terms of size of equipment and 
system structure and architecture. The ideal target 
network is the concretization of a long-term planning 
vision that acts as guiding principle in the  network 
expansion decision process. Smart Sizing therefore 
comes before the well-known, traditional distribution 
system expansion problem, which proposes a concrete list 
of investments. Defining an ideal target network 
integrates concrete, short-term investment decisions in a 
long-term vision. 
 
The paper will first state the problem formulation. In the 
next section, the model that is used to solve the problem 
is presented. In the subsequent section, it is explained 
how the model can be used in a typical study to obtain the 
ideal target network. Finally, a test case with simulation 
results is presented. 

OPTIMISATION PROBLEM FORMULATION 

The design of a distribution system raises a number of 
fundamental questions. What is the optimal number of 
voltage levels? Which voltages should be used? What is 
the optimal architecture and structure of the distribution 
system? What is the optimal size of cables and 
transformers, knowing that there is a trade-off between 
large-size and expensive equipment but lower losses or 
smaller equipment but higher losses? It is not 
straightforward to answer these questions due to the far-
reaching interactions between different voltage levels. 
Already in the ‘70s, a software code was available to 
address these questions [1]. 
 
 

In the new paradigm of smart distribution systems, the 

problem of identifying the ideal target network has only 

become more difficult. Not only investments in electrical 

equipment should be considered, but also in ICT. A new 

trade-off appears between investing in electrical 

equipment or in ICT and load flexibility contracts to 

reduce the peak load. A new mathematical model, Smart 

Sizing, that takes all these elements into account was 

developed. There are three main differences with respect 

to the traditional planning tool presented in [1]. The 

network is no longer planned based on the peak load, 

load flexibility and ICT are taken into account, and 

distribution generation is modelled. The resulting 

optimisation model aims at minimizing the total cost of 

the network, i.e. the sum of CAPEX and OPEX over the 

study horizon. The CAPEX consists of the cost of 

electrical equipment, such as cables and transformers, 

and also of investments in ICT infrastructure. The OPEX 

consists of the cost of losses and the cost of procuring 

flexibility. 

MODEL 

The identification of this ideal network can be formulated 

as a nonlinear constrained optimisation problem of a 

smart grid with different voltage levels and distributed 

energy sources and flexible loads. To solve such complex 

problem it is required to make some important 

assumptions and to solve it with advanced numerical 

methods. This is the work performed by the ”SMART 

SIZING” tool. The reason for the complexity of the 

problem is the level of interaction between the different 

components of the system. To give an example, it is 

possible to reduce the total cost of transformers by 

reducing the substation density, but this increases the cost 

of the network as the network length increases. The 

problem is therefore more complicated than the 

conductor sizing problem [2], [3], [4]. 

 

The network is modelled in a synthetic way. It is assumed 

that the whole network is uniform in space. The 

advantage is that instead of a detailed representation of 

all equipment, the network can be modelled using only a 

few variables, such as the number of substations between 

two voltage levels per km², the number of transformers 

per substation, the cable section of a given voltage level, 

etc. The conceptual network model is shown in Figure 1. 
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Figure 1: Smart Sizing conceptual network model 

 

The model determines the optimal values of the decision 

variables, which are subject to a number of constraints, 

some of which are linear, and others nonlinear. Examples 

of constraints include restrictions on voltage drop and 

overvoltage, and loading of equipment. The total system 

losses are calculated as the sum of cable losses and iron 

and copper losses in transformers. Some optional 

constraints allow the planning engineer to model 

advanced concepts such as mutual support of substations. 

USAGE 

A single run of SMART SIZING does not give the 

definitive answer to all long-term planning questions. 

Rather, it has to be understood as the central tool in a 

complete long-term planning study. There are four phases 

in a full study: data collection, model calibration, 

analysis, and post processing. 

Data Collection 

The SMART SIZING model requires a substantial 

amount of data. Therefore, the data collection is an 

important task. However, most information is readily 

available to the DSO. The first information to be gathered 

are geographical network maps. These maps are used to 

derive coefficients to calibrate the model,  

 

The time evolution of the load and distributed generation 

has to be known. This information is available from a 

classical load forecast study. 

 

A substantial amount of cost data is needed, such as cost 

of transformers, bays, and cables, which is readily 

available to DSOs. The cost of load and generator 

flexibility is also an input of the tool. Because these 

services are new, it can be difficult to obtain such 

information. When there is large uncertainty on these 

costs, they can be included in a sensitivity analysis. 

 

The last type of information is the technical information, 

such as operating rules of the DSO, e.g. voltage and 

current limits. 

Coefficients and Model Calibration 

The total network length is a key parameter in the total 

cost of the distribution network. The expressions for the 

length of the network contain a number of coefficients 

that have to be derived in order to evaluate them. All of 

the coefficients have a physical meaning, such as the 

coefficients describing the eccentricity of consumers with 

respect to the substation, the diversity of consumer 

density, etc. All coefficients can be derived from the 

geographical information obtained in the data collection 

phase. The calculated network length is then compared 

with the actual network length. The model is calibrated 

by fine-tuning the coefficients. 

Analysis 

In this phase the tool is run and the results are analysed. 

The analysis should not be limited to a single run of the 

tool, but includes numerous runs to truly understand the 

interplay of the different parameters, and how they affect 

the total cost of the network. Sensitivity analysis can be 

done by repeated runs with different parameters when 

there is a large uncertainty on some of them, e.g. the cost 

of flexibility, or to assess the sensitivity of the solution 

with respect to a given parameter. “What-if” questions 

can be answered by repeated runs, e.g. supressing or 

adding a voltage level. At the end of this stage, the 

planner is in position to make an informed choice about 

the optimal design of the distribution network. 

Ex-post Calculations 

Not all factors that are important in distribution system 

analysis are directly taken into account in the 

optimisation. It is possible to calculate those factors after 

the optimisation. An example is the short-circuit power. 

APPLICATION 

An example of a calculation with Smart Sizing is now 

given. A network of three voltage levels is designed. For 

illustrative purposes a single day is simulated. In a real 

study, the optimisation should be performed over several 

days in order to have statistically relevant results. Smart 

Sizing allows for this. The time variation of the load is 

given in Figure 2. At the lowest voltage level (level 1 = 

380 V), the load profile connected to this voltage level is 

shown in red. The load at the second voltage level is 

shown in yellow. 
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Figure 2: Forecasted load. 

The distributed generation is shown in Figure 3. The 

profile at the low voltage level is typical for PV 

installations. At the high voltage level (green), wind 

farms are connected. 

 
Figure 3: Distributed generation 

The resulting net load is given in Figure 4. 

 
Figure 4: The total net load per voltage level (load minus 

generation) 

The optimisation is launched with a high flexibility cost. 

The shifted load is presented in Figure 5. When 

comparing this figure with Figure 4, it can be seen that the 

peak load is reduced. The load shifting is compensated by 

an increase in load during the first hours of the day (not 

shown) to respect the constraint that the total energy 

should be delivered. 

 

 
Figure 5: The shifted load 

The resulting net load profile is shown in Figure 6. It is 

very similar to Figure 4 but with reduced peaks. 

 

 
Figure 6: Net load after load flexibility 

 

A second run is now done, with a flexibility cost that is 

ten times lower than in the first run. All other data and 

parameters remain the same. The net load after 

optimisation is shown in Figure 7. The shifted load is 

shown in Figure 8. 
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Figure 7: Net load in the reduced flexibility cost scenario 

 
Figure 8: The shifted load in the reduced flexibility cost 

scenario 

In this case, the peaks disappear completely thanks to 

massive activation of load flexibility. This has a 

significant impact on the optimal target network. 

 

The electrical infrastructure cost decreases with 7.3%. 

Substation and cable cost contribute almost equally to the 

decrease. The ICT infrastructure cost increases by 640%, 

but in absolute terms, the ICT infrastructure cost is a 

small fraction of the total infrastructure cost. The total 

infrastructure cost, electrical and ICT, decreases with 

6.9%. The operational costs, consisting in this case of 

losses and load shifting costs, increase. The total load 

shifting cost more than double. Although the unit cost of 

load flexibility has decreased with a factor ten, the total 

load shifting costs are higher, as much more load is 

shifted. Total operation costs increase by 10%. The total 

costs, the sum of infrastructure and operational costs, 

decrease with 4.2%.  

 

 

CONCLUSIONS 

Long-term distribution system planning is a difficult but 

important task. A new powerful software tool, Smart 

Sizing, was developed to help the planning engineer to 

determine the ideal target network, which acts as a 

concrete vision of the future distribution grid. Smart 

Sizing fully supports the new smart grids context by 

optimally using smart functionalities such as distributed 

generation curtailment and load flexibility. At the heart of 

the tool lies an optimisation algorithm, that finds an 

optimal smart distribution network, taking into account 

all of its complex interactions, such as the trade-off 

between investing in new electrical equipment and 

investing in ICT and load flexibility, and the trade-off 

between decreasing substation density and decreasing 

network length. Useful information such as costs and 

optimal usage of flexibility is obtained. 
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