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ABSTRACT 

Today’s deterministic fit-and-forget methodology for 

distribution system planning is maybe not suitable for 

planning of the future smart distribution grid as well. In a 

study [1], alternative methodologies have been developed. 

This paper describes the new approach and compares it 

with todays practice.  

 

The ongoing and continuing increase in grid connection of 

distributed generation from renewable energy sources and 

change in consumption patterns will make the power flow 

more unpredictable and stochastic than before.  

Generation from renewables is normally unregulated (e.g. 

solar and wind) and will vary a lot. Measurements show 

that the increased use of energy efficient but power-

intensive equipment (like heat pumps, electric vehicles and 

induction cookers) together with time-varying tariffs, give 

faster dynamics in consumption patterns and a more 

stochastic behaviour of the power flow.    

 

Reliable models for loads and generation variations and 

development are essential for the long-term development 

of the distribution and transmission grid. Poor models will 

probably result in a large difference between the estimated 

and real (measured) loads/generation and this again will 

result in wrong decisions and over- or underinvestment in 

the grid. This situation has already been experienced in 

Norway. 

 

On the positive side, the Distribution System Operators 

(DSOs) will get a lot more data from smart meters, new 

sensors, control systems etc. that can be used to make 

better load estimations and forecasts.  A new probabilistic 

method for load and generation modelling utilizing new 

data from smart meters have been developed and 

compared with today’s deterministic method. The new 

models have been used in probabilistic network load flow 

calculations by Monte Carlo simulations and shows 

promising results. 

INTRODUCTION 

Distribution networks in Norway are in general, designed 

to cope with the worst-case scenario of the expected peak 

load and in a way that minimum or no active operation 

intervention is required. This approach, known as “fit and 

forget”, is carried out in a deterministic way, i.e. without 

taking probabilities of different event sequences into 

account. This approach has been adequate up till now, 

since:   

- The distribution networks have been dominated 

by passive elements (uncontrolled loads) and 

have relatively few active elements like 

generators and demand side management 

schemes.  

- The variation in network load has followed 

almost the same pattern every year, week and 

day.  

- The power flow has been mainly in one direction. 

- The DSOs have very little information about the 

load situation in the MV/LV distribution grids.  

 

The quality of information about loads and generation is 

essential for the technical analysis of alternatives in the 

power system planning. The question is therefore if this 

fit-and-forget approach is good enough for the future 

distribution grid with distributed generation (DG) from 

renewables (RES), more active elements, reverse power 

flow and increased variations in both load and generation.  

 

In this paper, we focus on long-term planning.  

TODAY’S METHOD FOR LOAD 

MODELLING ON LV NETWORKS WITHOUT 

DATA FROM SMART METERS 

In Norway, most customers have until January 2019 read 

the electricity consumption (in kWh) manually one to 

twelve times a year. This means that the distribution 

system operators (DSOs) have limited information about 

how the consumption (in kWh/h) actually varies in time 

and hence concerning the actual load flow in the grid.  

 

The energy consumption in Norway is significantly 

affected by weather and climate conditions, as electricity 

is the dominant energy carrier for space heating. When 

analyzing the energy consumption, it is thus important to 

adjust the data for the influence of these varying 

conditions.  

 

Based on information about consumer category 

(household, office building, industry, agriculture, etc.) and 

annual electricity consumption, the DSO calculates the 

peak load in kW for each consumer or group of consumers. 

Standard values for either utilization time or Velanders 

coefficients are used for this calculation, if actual values 

are unknown.  
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Standard load variation curves for different consumer 

categories are used to estimate the load for each consumer 

at any time hour of the year. The load variation curves 

express the load as a percent of the peak-load. Figure 1 and 

Figure 2 shows examples of standard variation curves. 

These curves are based on historic measurement 

campaigns done by EFI (now SINTEF Energy [2]). The 

Standard load variation curves in Figure 1 and Figure 2, 

are average variation curves used when the load comprises 

several load categories, and is used when e.g. an 

aggregated load represents a complete LV network with a 

large number of individual loads.  

 

By combining these load variation curves, the load for 

every hour during a year can be calculated and the peak 

load during the year can be found. Since standard load 

curves for different consumer categories are used, every 

load in the same category have their peak load at the same 

time.  

 

 
Figure 1 Example of standard daily variation curves used by NTE 

Nett (Norway) 

 
Figure 2 Example of the standard yearly variation curve used by 

NTE Nett (Norway) 

The models are deterministic, i.e. without any description 

of random variations. In such models, a given input will 

always produce the same output. For planning purposes 

there are often only two worst-case situations considered:  

- Minimum demand with maximum generation.  

- Maximum demand without generation.  

CHANGING CONDITIONS  

The focus on climate change, renewable energy sources 

and energy efficiency during the last years, is about to 

make the situation more complex and unpredictable to the 

DSOs.  

Integration of RES as distributed generation (DG) in the 

distribution grids, is making the power flow more variable 

both in magnitude and direction. The distribution grids are 

normally not dimensioned for reverse power flows and 

integration of DGs often leads to protection problems and 

voltage quality problems. 

 

The focus on energy efficiency and new environmental 

friendly appliances have resulted in a new type of loads 

that are energy efficient but often have a high power 

demand.  

 

About 40 to 50 % of the LV distribution network in 

Norway have an impedance higher than the EMC 

reference impedance defined by IEC [3] and [4]. One of 

the reasons for this is that most of the LV distribution grids 

in Norway are built as 230 V IT with isolated neutral. High 

impedance means that the network is weak and customers 

might affect the voltage quality in their neighborhood 

when using ordinary electrical appliances. When the 

power flow changes more frequent than before, it will 

affect the power quality negatively, e.g. by introducing 

flicker.  

 

Energy storage systems and automatic systems to control 

voltages and power flow will eventually be more 

commonly used in the distribution system to maintain a 

satisfactory power quality.  

 

Smart meters can provide a lot of valuable information 

that the DSOs can use for power system planning 

purposes:  

- Automatic hourly metering of power flow 

- Voltage quality registration  

- Load interruptions registration 

- Earth-fault registration 

- Fault localization information 

 

Smart meters open new possibilities for consumers as well. 

They can achieve detailed online information about their 

own consumption, and can use this information to act more 

actively and control their own energy and power 

consumption. Smart homes, Zero- and Plus-energy homes 

will become more common, and control systems in these 

homes can be integrated with the smart meters.  

 

Flexibility can be a trade commodity and Energy Service 

Companies (ESCO) may make agreements with many 

customers in order to aggregate and provide load 

flexibility in the electricity market or directly to the DSOs. 

 

In order to handle RES, flexible loads, demand response 

(DR), demand side management (DSM), dispatchable 

loads, aggregators and smart homes efficiently, the 

distribution grids must be smart grids. Smart Grid 

technologies are relevant for reinvestment plans, but have 

less relevance for power system planning (long term 

investment plans) [5].  
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ACTIVE DISTRIBUTION SYSTEM (ADS) 

PLANNING  

The advent of more advanced distribution networks is 

progressively changing distribution planning objectives. 

Maximum exploitation of existing assets and infrastructure 

will become priority, and their operation will be much 

closer to their physical limits than in the past. Indeed, the 

future philosophy of distribution network planning will 

consider less traditional network investments in favor of 

cost-effective Active Distribution Network solutions such 

as generator dispatch, demand side integration, etc. in 

order to manage network issues [6].  

 

Consequently, it is crucial that modern planning tools 

integrate ADS solutions in the set of feasible alternatives 

to identify the best technical and economic balance 

between traditional network reinforcements/expansion 

and active approaches. To this end, the representation of 

loads and generators cannot longer be based on 

snapshots of the operating conditions (e.g. max 

generation/min demand and min generation/max 

demand) as commonly assumed by current planning 

methods and tools. There is the need of adopting time-

series (or time dependent) models in order to capture the 

operational aspects of different network elements [6].  

 

 
Figure 3 Probabilistic planning methodology for electrical 

networks (based on a figure found in  [6]) 

To adequately cater for ADS alternatives, probabilistic 

approaches should be considered to capture the more 

uncertain behavior of demand and generation, and the 

assessment/comparison of alternatives should be based on 

one or more objectives. Figure 3 shows a general 

framework for planning based on a figure proposed in [6]. 

The main novelty is represented by the blocks for 

evaluating the risk of constraint violation and the use of 

active management (no-network solutions) over traditional 

network solutions. 

PROBABILISTIC MODELS FOR LOAD AND 

GENERATION BASED ON DATA FROM 

SMART METERS.  

According to a requirement from the Norwegian regulator, 

smart meters are implemented in Norway since January 

2019. This will give the DSOs a lot more information 

about the behavior of each load/customer. From having 

unreliable information about monthly or maybe only 

yearly energy consumption, smart meters can give 

information about energy consumption every hour or up to 

every 15 minutes. Smart meters can also provide 

information about maximum load, maximum and 

minimum voltage, interruptions, and other voltage quality 

parameters. This new information should be used to make 

new and improved load models, both for short term 

purposes (operational planning) and for long term 

purposes (power system planning).   

 

Load modelling with the use of data from smart meters can 

be done in many ways. Future load models must take into 

account the increased uncertainty in load and load-

variation. The loads tends to be more energy efficient and 

power consuming, i.e. more stochastic in character.  

 

As a part of the PhD-study [1], a new method for load 

modelling is developed. In the developed method, every 

load/consumer is modelled individually based on 

temperature corrected metered hourly energy consumption 

in kWh/h for the last three to five years. More frequent 

values can also be used if data exists, e.g. 15-minute 

values. Individual models takes into account every type of 

electrical equipment used by the individual consumers and 

there is no need to have detailed information about the 

appliances used /installed (EV home charging station, 

induction cooktop, heat pump or any other high powered 

appliances). A flowchart describing the method is shown 

in Figure 4. 

 

A load model according to this method, is expressed by 

expected maximum hourly load (kWh/h) and a distribution 

function describing the stochastic variation of the load 

around the expected maximum hourly load. Expected 

maximum load is defined by:  

- Maximum load – the highest value (kWh/h) in the 

time series 

- Yearly variation curve – the highest value pr 

month expressed as a percent of the maximum 

load (Figure 5). 

- Daily variation curves (workday and weekend) – 
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the highest value pr hour expressed as a percent 

of the maximum load (Figure 6).  

 

 
Figure 4 Flowchart - Load modelling with the use of data from 

smart meters 

 
Figure 5 Example of yearly variation curve calculated for one 

specific school consumer (NTE Nett) 

 
Figure 6 Example of daily variation curves calculated for one 

specific school consumer (NTE Nett) 

The relative deviation between calculated hourly expected 

maximum values and metered values can be considered as 

a stochastic variable and expressed as a distribution 

function (Figure 7).  

 

 
Figure 7 Distribution fit – for a specific school consumer – using 

ModelRisk 

PROBABILISTIC POWER SYSTEM 

CALCULATIONS 

When every load and every generation in the grid are 

modelled individually, with hourly expected values and 

ditribution functions describing the stochastic variation of 

the real load around the expected load, Monte Carlo 

simulations can be used for probabilistic power flow 

caculations. The results (currents and voltages) from these 

calculations will also be presented as probability density 

functions.   

 

In [1] a case study is used to test and demonstrate the 

method described in this paper. A simple model of a LV 

distribution grid is constructed. Load models are based on 

real time series with data (kWh/h). Load flow calculations 

and Monte Carlo simulations are performed with 

Microsoft Excel and ModelRisk. Figure 8 shows an 

example of results of calculated current through a cable in 

a LV grid, one hour in January. Current in % of the thermal 

capacity of the cable is on the horizontal axis, probability 

along the left axis and cumulative probability along the 

right axis. According to these curves, the probability of a 

current less than 100 % of the cable capacity is 97.6 %. 
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There is also a 99.9 % probability that the current will be 

less than 129% of the cable capacity.  

 

Figure 9 shows a simular plot of the total active losses in 

the same LV grid for the same hour. Losses in kW on the 

horizontal axis, probability on the left axis and cumulaitve 

probability on the right axis. Figure 9 tells us that in this 

case there is a 95 % probability that the losses are less than 

11.6 kW. Equivalent there is a 50 % probability that the 

losses are less than 5.6 kW 

 

 
Figure 8 Example – Calculation of current in a cable supplying 

a LV grid, one hour in January.   

 

 
Figure 9 Example – Calculation of current in a cable supplying 

a LV grid, one hour in January.   

CONCLUSIONS 

Based on the findings documented in [1], the following 

conclusions can be made:  

 

Today’s deterministic method for modelling load and 

generation combined with the fit-and-forget approach, 

results in unnecessary overinvestment in grid capacity. 

Using probabilistic models for load and generation will 

give the DSO a more accurate model of the load situation 

in the grid.   

 

By using data from smart meters, individual load variation 

curves can be extracted together with a distribution 

function that best describes the stochastic variation around 

the expected value. Since loads and generation act 

individually, individual models for load and generation 

will fit the metered data better than standard models.  

Probabilistic load-flow calculations can be done by using 

Monte Carlo simulations. The method has been tested in a 

case study, and is found to work properly and provides 

results (currents, voltages, losses, etc.) presented as 

probability distributions.  

 

Power system planning based on probabilistic simulations 

will give better results – both technically and 

economically.  The overinvestment in grid capacity will be 

reduced and the exploitation of the grid capacity will be 

higher. Grid reinforcements can because of this be deferred 

compared to the deterministic fit-and-forget approach. The 

economic profit by deferred investments can be 

significant. It is shown that a five-year deferment of an 

investment can reduce the present value of the investment 

to 73% compared to the invest-today alternative [1].  

 

Power system planning in the future should be performed 

with individual probabilistic load and generation models 

and Monte Carlo simulations for load flow calculations.  
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