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1 Abstract 

This report deals with the load duration curves used for development studies on the sub-

transmission grid. 

The aims of grid development studies are firstly to locate the needs for grid reinforcement, 

then to elaborate a reinforcement strategy and finally to promote the profitability of this 

reinforcement. This study is about the last step of grid development studies: benefits 

calculation. 

The profitability of grid development studies is estimated by comparing grid investment costs 

and failure costs modelled by the energy not supplied. 

Load duration curves are used to calculate the energy not supplied due to transmission 

limitations and therefore to promote the profitability of grid developments (new transmission 

facilities…). Current load duration curves come from a catalogue created in the early nineties 

which identifies nine consumption profiles. 

The aim of this study was to decide whether this catalogue is still valid or not, and, if this 

catalogue is no longer valid, to elaborate a new catalogue or a homemade software to create 

on demand, i.e. “à la carte”, load duration curves or load curves for every studied area. 

Firstly, current catalogue relevance has been analyzed through comparisons with real 

measured load duration curves of fourteen areas which showed its inadequacy. Then, the 

study of the real measured load duration curves proved that an accurate catalogue including 

all the existing load profiles would require a huge number of parameters to describe it. 

Therefore, a new simple catalogue could be enough to model load profiles on large areas for 

large scale studies but not for local studies. For these last ones, on demand load duration 

curves would be preferred to have an appropriate detailed and realistic description of local 

load behaviour. 

Finally, a simple method and software to create load duration curves or load curves for every 

studied area has been developed. Through this analysis, questions were raised of which some 

could not be answered and this method is not applicable right now. The study needs to be 

widened in order to establish the links with load levels forecast. 
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3 Notations 

CDI: Cold Sensitivity 

ENS: Energy not supplied 

ENE: Curtailed energy 

g: Temperature gradient (if there is only one gradient) 

gSummer: Summer gradient 

gWinter-1: First winter gradient 

gWinter-2: Second winter gradient 

IMAP: Maximal current capacity 

NDD : Number of Degrees-Days 

P: Load level 

Pr: Guaranteed load level 

P* max: Synchronous load at high load levels and normal temperature 

P map: Maximal power flow capacity 

σ: Uncertainty 

Ti: Random temperature 

Tmin: Minimum temperature 

TN: Normal temperature 

Tr: Real temperature (measured temperature) 

Tsh-Summer: Threshold temperature associated to the summer gradient 

Tsh-1: Threshold temperature associated to the first winter gradient 

Tsh-2: Threshold temperature associated to the second winter gradient 
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4 Introduction of RTE 

4.1 French TSO 

RTE is the French Transmission System Operator (TSO), responsible for operating, 

maintaining and developing the French electric transmission network. The aim of the electric 

grid is to transmit electric energy from the generation sources to the consumers. 

French transmission network is based on a hierarchical structure depending on voltage levels 

and is divided into two types of network: the transmission grid and the sub-transmission grid. 

The transmission grid, characterized by a Very High Voltage level (400kV), is used for long 

distance transportation of electricity generated by the main power plants, throughout the 

country and abroad. It is a highly meshed network which is connected to the transmission grid 

of the neighboring countries. The second type of network, the sub-transmission grid, aims at 

delivering electricity from the transmission grid to the distribution network (mainly ERDF) or 

the largest industrial consumers. This regional network is organized into three voltage levels: 

VHV (225kV), HV(90kV and 63kV). 

 

Figure 1 - The power transmission network in France 

4.2 Organization of RTE and grid development 

RTE is separated into two main units: the System Unit (SE) responsible for operating the 

network, and the Transmission Unit (TE) in charge of maintenance activities. Both units are 

represented in each one of the seven areas dividing the French territory (cf. Figure 2). 

Concerning grid development investments, SE plays the part of the project owner and TE of 

the project executor. 
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Development studies are launched by every SE regional unit as far as the sub-transmission 

grid is concerned whereas a central unit (GER400I) deals with the 400kV-studies. 

Grid development activity is supervised by a national department (DDRPE) where I did my 

training course. It is divided into four groups: 

- GAMD: livens up regional grid development activities 

- GDI: establishes rules and methods for regional grid development activities 

- GPSE: consumption and generation forecasts 

- GOTE: capital expenditure monitoring 

 

Figure 2 - French regional units of the power transmission network 
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5 Context 

5.1 Grid development studies 

The aims of development studies are to locate needs for grid reinforcement, to elaborate 

reinforcement strategies and then to study the profitability of these reinforcements. Load 

duration curves are usually used for this last step. The two first parts of a grid development 

study will just be briefly described. 

5.1.1 Detecting constraints 

Future constraints are usually raised by the increase of demand, new connections to the grid 

(customer, producer, distribution substation), the raise in quality requirements or the need for 

refurbishment/replacement. 

The first step of grid development studies consists in locating these future constraints in the 

power grid. Hypothesis about future loads, future generations and “from abroad” load flows 

are defined in order to describe the future situation (as well as the grid reinforcements already 

decided). 

The forecasted situation is studied on a grid simulator and described by several fixed 

“pictures” representative of constraining periods of the year. A constraint occurs when the 

transmission capacity
1
 or voltage thresholds

2
 are exceeded. 

The starting point of studies considers full grid available. This analysis aims at detecting N 

constraints, that is to say the constraints which occur because of capacity limitations at normal 

conditions of the grid. 

The following point is the detection of constraints at fault conditions. This search is realized 

so that the network obeys the N-1 criterion. The constraint that is to be detected is a N-1 

constraint which occurs because of capacity limitations after an unplanned loss of a 

transmission facility. 

N-1 constraints are obviously detected before N constraints but their impact is lowered by the 

probability that a fault occurs, i.e. the unavailability of the considered facility. 

When a constraint is detected, the corresponding constrained area (i.e. the blackout area) is 

determined by simulating the successive tripping of transmission facilities (cf. Figure 3). 

                                                
1 Thermal limits for lines, transformers and substation bus bars. 
2 Contractual limits on every connected substation. 
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1 – A fault on line L1 occurs and causes 

an overload on line L2. 

2 - Line L2 is then tripped, which causes 

an overload on line L3. 

3 - Line L3 is then tripped: the isolated 

connection points constitute a blackout 

area, called constrained area (in grey). 

Figure 3 – Determination of the constrained area 

For every constraint on the network, load level limitations can be obtained on the constrained 

area. This maximal load level value that can be consumed so that the transmission facilities 

remain in an operational state (beyond transmission capacity and within voltage thresholds) is 

called guaranteed load level or Available Transmission Capacity (denoted as Pr). [1] 

5.1.2 Defining strategies 

In order to solve the previously detected constraining situation within at least twenty years, a 

reinforcement strategy is elaborated. It consists in a succession of several investments over 

time. 

For every strategy, costs and benefits are calculated in order to evaluate the cost reduction 

allowed by the reinforcement. 

Every strategy is adjusted to take into account technical, environmental and legal issues. For 

instance, a strategy can be reevaluated considering the adaptation of geographical route or the 

choice between overhead lines and underground cables. 

5.1.3 Comparing strategies 

The previously determined reinforcement strategies are compared to each other based on 

several criteria: technical relevance, feasibility, social and political acceptance, and above all 

an economic criterion. 

The idea is to retain the strategy with both lowest investment costs and lifetime operating 

costs. The choice of the best strategy can be compared to the purchase of a car: it is important 

to weigh both purchase and fuel costs. 

The considered benefits are the ones regarding grid losses and the grid failure (or load 

shedding) that can be avoided by removing the constraint (cf. 5.1.4). 

For every strategy, a discounted balance including all the benefits and costs mentioned above 

is calculated (i.e. Net Present Value). Strategies with positive Net Present Value are taken into 

account. Economically speaking, the best strategy is the one with the best balance, i.e. the 

lowest value. [2] 
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5.1.4 Benefits thanks to the avoided grid failure 

The benefits obtained by removing the constraint in order to prevent grid failures are currently 

evaluated by the cost of the energy not supplied that can be avoided. 

The studies of interest here are the one that analyze grid developments on the sub-

transmission grids. The area considered is an area with not any embedded generation. All the 

transmission facilities (lines…) are assumed to work. 

The energy not supplied due to capacity limitations is calculated on the forward-looked load 

duration curve of the constrained area. 

5.1.4.1 Forward-looked load duration curve of the constrained area 

Load duration curves represent the annual or seasonal (winter, summer or mid-summer) load 

profile. They state the load level P(h) which is exceeded during h hours (cf. Figure 5). They 

are obtained from the load curves by sorting the load levels in descending order. The load 

curve, P(h), states the mean load per hour during a specified time period: h = 1, …, T (cf. 

Figure 4). For an annual load curve, the time period is T = 8760 h. These load duration curves 

are currently obtained from a catalogue that will be described in section 5.2. 

The aim of using annual or seasonal profiles is to have a better representation of the situation. 

For instance, if the constraint should occur only in winter, the load duration curve that is to be 

used is the winter one. 

Load duration curves are assumed to represent the power flow in facilities as stated in the 

following proposition. 

Assumption 1 – The duration curve of the power flow into transmission facilities surrounding 

the constrained area can be described by the duration curve of the load consumed within the 

constrained area. 

This assumption will be discussed later on (cf. 9.2). 

 

Figure 4 - Load curve 

 

Figure 5 - Load duration curve corresponding to the 

load in Figure 4 

5.1.4.2 Estimation of the expected energy not supplied 

The energy not supplied corresponding to a constrained situation is calculated by using a load 

duration curve representative of the constrained area since it is assumed that there is not any 

generation in the area. 

The energy not supplied (ENS) is calculated as the area of the duration curve above the 

Available Transmission Capacity (Pr) as in Figure 6.  
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Figure 6 – Energy not supplied 

The cost of the energy not supplied is fixed at 24€/kWh. This "social" cost of the energy that 

cannot be delivered to the consumers is an RTE internal value. This amount has been 

historically determined so that a certain amount of investments can be decided every year in 

France, in accordance with the willingness of the French Energy Regulator
3
. 

It is important to notice and to keep in mind for the rest of this paper that the upper 

part of the curve is the one of most interest for energy not supplied calculation. 

Particular cases: 

If there is distributed/embedded generation within the studied area, this generation should be 

taken into account since it alleviates the load constraint. Duration curves of the flow, i.e. of 

the difference between load and generation, should be used in that case. 

If there is one faulty transmission facility (N-1 constraint), its unavailability is taken into 

account as well as the time period of the incident and the transmission capacity that is 

available after changes in grid operation schemes (before the facility is fixed). In this case, 

ENS is calculated by describing the sequence of events now detailed. 

When an incident occurs, the area in constraint is entirely disconnected for a very short time ε, 

then a certain quantity of power (denoted as P0) is restored with automatisms for a short time 

h0 – ε, and finally a power quantity Pr can be transmitted due to “manual” operations (opening 

lines, closing lines and disconnecting loads). The incident is described in the following figure. 

 

Figure 7 - Sequence of events when an incident occurs 

                                                
3The French Energy Regulator is called Commission de Régulation de l’Energie (CRE) in French. 
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If an annual load duration curve is used, the energy not supplied is calculated by the following 

formula: 

21
8760

)(

8760
S

hhn
S

hn
ENS oo 




  (5.1) 

With: 

- S1: area represented in the Figure 8 

- S2: area represented in the Figure 9 

- h0: the time period during operations 

- h: the time period to have the facility fixed 

- n: the unavailability of the facility 

 

Figure 8 - Energy not supplied during operations 

 

Figure 9 - Energy not supplied after operations 

Given the short times of the two first steps, the energy not supplied can be assumed to be 

equal to the one after operations. The corresponding formula is: 

2
8760

)(
S

hhn
ENS o

  (5.2) 

So, in this particular case, the area of most interest is also the upper part of the load duration 

curve, i.e. the highest load levels. [3] 

5.1.4.3 Estimation of the expected curtailed energy 

For information, in locations where embedded generation is important whereas load is quite 

low, generation levels may have to be reduced due to transmission constraints (cf. Figure 10). 

A power plant that should run at a certain level according to the merit order could not be 

authorized to generate at that level because of transmission capacity limitations. In this case, 

the energy generation that is not injected is calculated by using a duration curve which takes 

into account the load and the generation. For instance, if the embedded generation is wind 

power, a global load duration curve can be obtained by crossing load and generation duration 

curves based on the hypothesis that both are independent
4
. 

 

                                                
4 Assumption: For a given load level, all generation levels can occur with the same probability. 
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Figure 10 - Situation that can induce curtailed energy 

This curtailed energy (ENE)
5
 can be seen as the area above the guaranteed power 

transmission on the duration curve of the power flow within lines in constraint, i.e. load minus 

generation (cf. Figure 11). 

 

Figure 11 – Curtailed energy 

                                                
5 The French expression for this energy is "Energie Non Evacuée" (ENE). It stands for Energy Not Evacuated. 

Embedded generation 

Load 
       Load - Generation 
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5.2 Load duration curve model 

5.2.1 Linear and fixed loads 

In order to calculate the energy not supplied, the load duration curve of the constrained area is 

required. 

The total load can be divided into two different types: 

- Linear load: load connected to the distribution grid, 

- Fixed load: load directly connected to the transmission grid. 

Every constrained area can be described by several linear and fixed loads which are located in 

different connection points of this area. 

5.2.1.1 Linear load 

The linear load, that is to say the load connected to the distribution grid, is mainly 

consumption from residential or service sectors but also consumption from small industrial 

plants. These sectors are temperature sensitive. Their behaviour towards temperature is 

assumed to be linear with a slope called temperature gradient. This parameter will be 

explained later on (cf. 5.2.3.1). 

The linear consumption behaviour of the whole constrained area is determined by using a load 

duration curve catalogue elaborated in the nineties which characteristics will be detailed later 

on (cf. 5.2.2). 

5.2.1.2 Fixed load 

Due to high voltage levels, the load directly connected to the transmission grid is industrial. 

The industrial sector is mainly non-temperature sensitive. Its consumption is rather difficult to 

forecast and depends on the types of process, the schedule of the plant rather than on the 

temperature level.  

To determine constraints, precise forecasts of this load are used (cf. 5.1.1). To quantify this 

constraint and define economic values, a simpler model is used. It is assumed to be constant 

all over the year and its level is defined by a method called the most likely load level. Thanks 

to this assumption, the total load duration curve is calculated as the sum of the linear load 

duration curve and the fixed load level (cf. Figure 12). 

 

Figure 12 - Total load as the sum of linear and fixed loads 

Linear load 

Fixed load 
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5.2.2 Load duration curves catalogue 

The load duration curves coming from the catalogue represent the linear load. Four types of 

load duration curves are available to describe four different time periods: year, winter, 

summer or mid-summer. For every constrained area, a unique load duration curve is chosen in 

the catalogue in order to represent the sum of the linear loads of the constrained area. 

The load duration curves are characterized by three parameters: 

- CDI
6
: cold sensitivity 

This parameter determines the load duration curve shape. There are nine possible values for 

this parameter: 0%, 5%, 10%, 15%, 20%, 25%, 30%, 35% and 40%. This parameter will be 

detailed in section 5.2.3 as well as the uncertainty on its calculation. 

- σ: uncertainty 

This parameter represents the uncertainty on the forecast. The smallest is the area and the 

longest is the time horizon, the most uncertain is the forecast. In a rather small area, particular 

consumer behaviours can come up whereas in large areas, the peculiar behaviours can 

represent, if added together, a "mean" behaviour. Similarly, if the time horizon is rather long, 

consumer behaviours could change: for instance, the needs for electric appliances could 

change as well as the share of each sector (industrial, residential and services). σ is 

determined by the time horizon of the study and the size of the area, according to the 

following table. For development studies, it is generally equal to 4% or 6% since the time 

horizons are long and the size of the studied area are quite small. 

This parameter has a limited impact on the load duration curves from the catalogue. It entails 

very small fluctuations around the load duration curve defined by the CDI-parameter. Its 

impact can thus be neglected. 

σ (%) Time horizon = 1 year Time horizon ≥ 2 years 

France 0.5 2.0 

Région 1.0 3.0 

Distribution unit 1.5 4.0 

Connection point 3.0 6.0 

Figure 13 - Table to determine the σ value 

These two first parameters, CDI and σ, are the only one required to choose a curve in the load 

duration curves catalogue. This curve is a normalized curve. The last parameter, P*max, is then 

used to get a non-normalized curve. 

- P*max: synchronous load at high load levels and normal temperature 

This load level is called "synchronous" since, if there are several loads in the constrained area, 

they are assumed to be "synchronous", that is to say that they are assumed to reach "high" 

load levels at the same time so that these "high" load levels can be added. There is here an 

uncertainty due to this assumption. 

                                                
6 CDI means Chauffage DIrect in French, that is to say “Direct Heating”. 
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Moreover, P*max represents the load level at the time horizon of the forecast. The aim of the 

study was not to study its estimation so details about its calculation are not given here. 

The load duration curves from the catalogue are normalized curves that had been obtained by 

normalizing the vertical axis (“1” stands for P*max). The estimated future P*max is used to 

obtain a non-normalized load duration curve from the normalized curve. The estimated future 

P*max has a high impact on the volume below the curve, and thus on the volume of the energy 

not supplied. 

Load duration curves from the catalogue
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Figure 14 – Normalized load duration curves from the catalogue for different cold sensitiveness values (CDI) 

The normalized load duration curves of the catalogue are shown in the previous figure for the 

nine values of the cold sensitivity parameter (CDI). The impact of σ has not here been 

represented since it would have been rather difficult to notice its very small effect. Finally, 

due to the negligible influence of σ, these nine normalized load duration curves are used to 

describe the load shape of the linear load in all French areas. [4] 

5.2.3 Cold sensitivity 

Cold sensitivity is the main parameter. Indeed, electricity consumption is highly temperature 

sensitive in France, mainly due to an important share of electric heating appliances. 

Cold sensitivity is quantified by the so-called parameter CDI. It represents the share of 

heating energy within the annual energy if the temperature was the normal one. This 

parameter had been defined at a time when the electric consumption was not sensitive to the 

temperature in summer. It thus represents only the winter effect of the temperature. 

This parameter has a high impact on the ENS. For two case studies, it has been shown that a 

variation of 5% of this parameter results in a variation of 10% of the ENS. 

Current catalogue provides the choice between nine CDI-values with a gap of 5% between 

two consecutive values. There is thus an increased uncertainty on this parameter: for instance, 

doubt remains about the choice of CDI if the calculated CDI equals 12.5% (CDICatalogue equals 

10 or 15%?). 

Three ways could be used to estimate the cold sensitivity. 
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The share of heating energy could be determined by using statistic data such as the number of 

electric heating appliances, their efficiency and the frequency of their use. Such a calculation 

would be rather long to undertake and rather difficult for small areas since for these ones 

precise data could be difficult (or even impossible) to find. 

Another way could be to determine the cold sensitivity by using PREMIS, an optimization 

software developed by RTE, used to calculate load curves at normal temperature and to make 

short-term forecasts of load curves. It is based on a rather complete load model (hourly 

gradients…) and provides the share of heating energy as well as cooling energy. Once again, 

such a method could be possible for large areas whereas for rather small areas, the 

optimization would not be that accurate. 

The cold sensitivity could finally be calculated by using the formula (5.3). It is the formula 

currently applied and it is the one used during this study. 

 

*

24

W

NDDg
CDI


  (5.3) 

With: 

- g: Winter gradient (unit: MW / °C) 

- NDD: number of degrees days (unit: °C.day) 

- W*: Annual energy consumption at normal temperature (unit: MWh) 

These three parameters and the uncertainty on their calculation will now be explained. 

5.2.3.1 The temperature gradient 

The temperature gradient or winter gradient represents the cold sensitivity of the load. Two 

other gradients could be considered to model a sensitivity to hot temperatures and a sensitivity 

to very cold temperatures. This model will be explained later on. 

The winter gradient (g) stands for the value of the slope of the line between load and 

temperature shown in figure 11. A decrease of temperature of 1°C (if below the threshold of 

“switched-on heater” temperature) results in an increase of consumption of g MW. The 

gradient represents the cold sensitivity. 

The threshold of “switched-on heater” temperature (Tsh) is the temperature below which the 

temperature is temperature sensitive. It is generally estimated to be 15°C. 

 

Figure 15 - Relation between load level and temperature modelled by one temperature gradient (g) 
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This gradient is currently determined by a linear regression on the scatter plot which 

represents the load levels in function of the temperature. Every point of this scatter plot has 

for ordinate a mean daily load and for abscissa a mean daily temperature. These temperatures 

take into account the inertia in temperature of buildings and consumer behaviours. Indeed, a 

sudden decrease of the temperature will not result in a sudden increase of the electric 

consumption. They are calculated as the mean of the 24 hourly temperatures before 12:00. 

The temperature gradient can either be calculated for the whole area or for each load (during 

the EBR
7
 survey). 

The calculation of g has a certain uncertainty since the number of days that are taken into 

account for its calculation can be quite low (around 50 or 60 points). Indeed, particular days 

such as school holidays and week-ends are excepted and only the days with mean 

temperatures below Tsh are kept. For the EBR survey, g is by default (i.e. the limit can be 

modified) estimated inaccurate if there are less than 50 points. Moreover, the correlation 

coefficients are not always good. The limit for their validity is by default stated at 0.5 for the 

EBR survey (i.e. below the usual √3/2). Finally, Tsh is not currently optimized: it is often fixed 

at 15°C whereas it should be determined so that the correlation coefficient will be the highest 

possible. [5] 

More precise gradients and threshold temperatures can be determined by PREMIS. They 

consists in hourly values. But, as previously said, the accuracy of PREMIS for small areas is 

uncertain. [6] 

It has been observed that the temperature sensitivity of the load is not as simple as a unique 

slope. A piece-wise linear model of the temperature sensitivity of the load with three slopes 

could be used to describe also a sensitivity to hot and very cold temperatures (cf. Figure 16). 

Indeed, electricity consumption is more and more sensitive to hot temperatures due to a higher 

implantation of air-conditioning appliances. This phenomenon is in particular observed in the 

south of France and can be modelled by a "summer" gradient and a threshold temperature. 

Moreover, due to some regulations (tax credit) in favour of the implantation of heat pumps, 

this type of facility is growing. Heat pumps have a higher efficiency than electric heaters but 

do not run if exterior temperature is too cold. This phenomenon induces a two gradient-

sensitivity to cold temperatures. [7] 

Such a more complex load model has not historically been used to elaborate current catalogue 

but will be considered in the method to elaborate load duration curves on demand that will be 

described in section 8. 

                                                
7 EBR means Etude Bleue Régionale in French. It is an annual survey during which ERDF and the other 

distribution system’s companies share data with RTE about the characteristics of every connection point. 
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Figure 16 - Relation between load level and temperature modelled by three gradients 

5.2.3.2 The normal temperature 

Daily normal temperatures are used to calculate the number of degrees-days (NDD), one of 

the parameter necessary to calculate the cold sensitivity (CDI). 

The normal temperature is, for every instant, the temperature that is reached with a probability 

of ½. It is calculated by Météo-France
8
 and is compounded by a temperature every three hours 

of a year of 365 days. Due to global warming, the value of the normal temperatures has been 

changed in 2001. 

The normal temperature curve for a year is shown in the following figure. 

 

Figure 17 - Normal temperature for a year 

Normal temperatures for every hour can be deduced by simple regression from the normal 

temperatures given for every three hours according to equation (5.4). 
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Daily normal temperatures are calculated for every day as the mean of normal temperatures 

from the previous day at 11:00 to the current day at 12:00 and thus in order to take into 

account the inertia in temperature of buildings and consumer behaviours. Daily normal 

temperatures can be calculated by using equation (5.5). [8] 
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8 Météo-France is the French national meteorological service. 



21 

5.2.3.3 Number of Degrees-Days 

The number of degrees-days (NDD) represents the studied area climate. It is calculated from 

the daily normal temperatures according to equation (5.6). [9] 
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The number of degrees-days can also be seen as the area between the normal temperature 

curve and Tsh as represented in the following figure. 

 

Figure 18 - Number of degrees days (NDD) 

The uncertainty on NDD is due to its dependence on Tsh which is not estimated but fixed. 

5.2.3.4 Annual energy consumption at normal temperature 

The annual energy consumption at normal temperature is the annual energy that would have 

been consumed if the temperature had been equal to its normal value. It is calculated as the 

sum of the 8760 hourly load at normal temperature. 
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6 Approach 

The aim of this study is to analyze current load duration curves catalogue in order to 

determine whether or not this catalogue is still accurate to describe nowadays consumption. 

Since this load duration curve catalogue was elaborated in the nineties and distinguishes only 

nine different shapes of load duration curve to describe any area in France, it will not be 

surprising if it is not an accurate load model. This first analysis is firstly to be done for French 

departments
9
. 

If the first analysis shows that current catalogue is not valid, a second analysis will be done to 

determine whether or not it is possible to create a new catalogue. Indeed, the economic 

analysis has to remain simple and not to slow down too much development studies. It is thus 

convenient to use a catalogue. 

If creating a new catalogue appeared to be too difficult because of too many different profiles, 

the following step would be to find a simple and fast method to elaborate load duration curves 

on demand (i.e. “à la carte”) for every area. [10] 

This approach can be summarized by the following figure. 

Figure 19 – Approach  

 

                                                
9 French departments are administrative divisions, called "départements" in French. 
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7 Catalogue validity analysis 

7.1 Current catalogue analysis 

7.1.1 Principle of the comparison 

7.1.1.1 Reference load duration curves 

To analyze current catalogue validity, reference load duration curves are required. To 

determine the reference curves that could be compared to current catalogue load duration 

curves, it is important to know how this catalogue has been elaborated. 

Current catalogue represents the linear load and takes into account uncertainties on this 

consumption. The uncertainties that had been considered in the nineties are the following 

ones: 

- Climate uncertainty 

- Uncertainty (cf. 5.2.2) 

- Uncertainty due to tariff policies
10

 

The climate uncertainty represents the uncertainty on the temperatures that will be reached. 

Here is not taken into account the climate risk, that is to say global warming. This climate 

uncertainty considers the probability that the temperature will deviate from the normal 

temperature. It is assumed that a decrease and an increase of temperature are equally likely. 

The uncertainty, the so-called σ-parameter, has a very limited impact on the shape of the 

curves. The uncertainty due to tariff policies was neglected. Indeed, in the early nineties, 

when the catalogue was elaborated, the uncertainty was assumed to compensate the 

uncertainty due to tariff policies in winter. [11] 

To conclude, current catalogue mainly represents the linear load taking into account the 

climate uncertainty. 

Thus, the analysis of current load duration curves catalogue consists in comparing them to the 

real measured linear load levels of the past years, adjusted from the temperature effect and 

then modified to take into account the climate uncertainty. These load duration curves used to 

make comparisons with current catalogue will be called reference load duration curves. 

This method to get reference load duration curves will be explained in details in section 8 

since the method to get load duration curves for every area is based on the same principle. To 

sum-up, a reference load duration curve is obtained for every studied area by following four 

steps: 

                                                
10 The most important tariff policy is called EJP. It means Effacement des Jours de Pointe in French. It consists 

in special tariffs for the consumers that have this EJP contract (mainly industrial consumers due to a regulation 

change): during 22 days within the period from the 1st of November to the 31st of March, the electricity price is 

very high. These price sensitive consumers will thus decrease their consumption during these days. Nevertheless, 

the impact of the EJP tariff decreases (less industrials interested in having this contract). 
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- Step 1 : Data retrieval 

The required data are the load levels of the studied area linear load, the real and normal 

temperatures, and the winter gradients of every linear load. Each one of these data can be 

obtained from RTE data bases. 

The extracted load levels are pure consumptions. If there is any embedded generation, it is 

taken into account in order to provide the load values only. 

- Step 2 : Load levels at normal temperature 

Load levels depend on temperature levels. Real load levels at real temperature are thus turned 

into normal load levels, that is to say the load levels which would have been measured if the 

temperatures had been the normal ones. This conversion is realized thanks to the area winter 

gradient. 

The load duration curve at normal temperature is then obtained by sorting the load levels in 

descending order. 

- Step 3 : Calculation of P*max, in order to get a normalized load duration curve 

The load duration curves catalogue is compound of normalized curves, so we must obtain 

normalized curves in order to make a comparison of shape. The power consumptions are 

normalized (i.e. divided) by P*max, the synchronous load at high load levels and normal 

temperature. The calculation of this constant will be detailed later on. 

- Step 4 : Load duration curve at normal temperature with climate uncertainty 

The introduction of a climate uncertainty is based on the following assumption. Every hour, 

the temperature is assumed to be distributed normally with mean TN(h) (the normal 

temperature) and with a constant variance (σ²). 

7.1.1.2 Studied areas 

The studied areas are French departments. Four years were studied for every area: from 2005 

to 2009. 

For every area, a reference load duration curves based on the real data and on the method 

previously detailed (cf. 7.1.1.1) is created. At the same time, the load duration curve from the 

catalogue that would have been chosen as a model of the linear load of this area is 

determined: it is the load duration curve that corresponds to the parameter CDI calculated 

according to equation (5.2) and to σ assumed to be equal to 4 or 6%. 

For every studied area, two load duration curves are thus to be compared. 

7.1.1.3 Comparison criterion 

Since load duration curves are used in order to calculate the energy not supplied, it appears 

coherent to base our comparisons upon that criterion. 

For each one of these two load duration curves that have to be compared, the energy not 

supplied is calculated as previously explained (cf. 5.1.4.2). Here cases without embedded 

generation and with full grid available are considered. 
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This ENS calculation is realized for different values of the Available Transmission Capacity 

(Pr) (cf. 5.1.1), from 0.7 to 1.3 (unit: MWh/(h.P*max)). The Available Transmission Capacity 

varies from one case study to another. The determination of this capacity has not here been 

studied. The aim of the analysis was to represent the load profiles of several areas and not to 

determine real constraints. Thus, for every area, several values of the Available Transmission 

Capacity are considered. In most cases, its value is around 0.9 and 1.1 MWh/(h.P*max). A low 

capacity corresponds to a delay in the investment. 

In this issue, only the upper part on the left of the load duration curve is concerned. 

For every value of the Available Transmission Capacity, the relative deviation (in %) between 

the energy not supplied obtained with the reference load duration curve (ENSReference) and the 

one obtained with the load duration curve from the catalogue (ENSCatalogue) can be written as 

100



Catalogue

CatalogueReference

Relative
ENS

ENSENS
ENS  (7.1) 

NB: If there is one faulty transmission facility, the relative deviation is the same as with full 

grid available if we considered the ENS can be calculated by equation (5.2). Indeed, the ENS 

is then calculated for the highest load values. Moreover, whereas the unavailability of the 

facility and the time period of the incident have to be considered to calculate the ENS, they do 

not intervene in the relative deviation of ENS.  

In addition to this calculation, even if it is not the purpose of current catalogue, the relative 

deviation of curtailed energy is determined: it is the relative deviation between the curtailed 

energies calculated for both load duration curves in a situation of congestion due to a high and 

constant generation level in the area. In this case, the congestion entails a shortage of the 

generation that can be injected in the grid (cf. 5.1.4.3). The curtailed energy (ENE) can thus 

be calculated for the smallest load values of the load duration curve. This calculation is also 

realized for different values of the Available Transmission Capacity, from 0.1 to 0.6 

MWh/(h.P*max). Indeed, its value depends on the case study (volume of embedded generation, 

capacity of the line). 

In this issue, only the lower part on the right of the load duration curve is concerned. 

100
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7.1.2 Results 

7.1.2.1 First comparison 

The first comparison is, for every area, the one between the corresponding load duration curve 

from the catalogue (calculated CDI, σ equal to 4 or 6%) and the reference load duration curve 

coming from statistic data. 

Both curves are normalized by P*max. It means that every load level is divided by P*max. 

Nevertheless, there are some doubts about the definition of P*max that was applied in the 

nineties in order to elaborate the load duration curve catalogue. Several definitions of P*max 

(detailed in section 8.3) have been tested on the reference load duration curves of every area 

but none of these definitions seems to be similar to the one used to elaborate the catalogue. 
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This situation is illustrated in following figure where the reference load curve is above the one 

from the catalogue. 

First comparison
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Figure 20 - Load duration curves from the first comparison 

P*max has a large impact on the area below the load duration curve due to its role. Its impact 

on the energy not supplied is therefore important and the comparison of curves normalized at 

different levels is distorted. 

The load duration curves catalogue is a catalogue of shapes due to the normalization. Then, 

the comparison must only be based on shapes. It has been decided to “cheat” on the value of 

P*max used to normalize the reference load duration curve in order to fairly compare curves 

which are at the same level. The resulting comparison is the following one. 

7.1.2.2 Second comparison 

The second comparison is between the same two curves, that is to say the corresponding load 

duration curve from the catalogue (calculated CDI, σ equal to 4 or 6%) and the reference load 

duration curve issued from statistic data, but the real load duration curve is now normalized 

differently in order to be the closest from the catalogue curve (cf. 7.1.2.1). 

Since load duration curves are used in order to calculate the energy not supplied, the value of 

P*max is optimized in the following way. For every area, the value of P*max used to normalize 

the reference load duration curve is optimized so that the relative deviation of energy not 

supplied is minimized for different values of the Available Transmission Capacity. 

This modification was realized graphically by the observation of the curve of the relative 

deviation of energy not supplied as a function of the Available Transmission Capacity (cf. 

Figure 24). 

The effect of the modification of P*max is illustrated in the following figure where the 

reference load curve and the one from the catalogue are now closer to each other
11

. 

                                                
11 They are actually closer for the highest load levels due to the optimization on the energy not supplied since 

this energy is calculated on these highest load levels. 
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Effect of the optimisation of P*max
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Figure 21 - Load duration curves from the second comparison (optimisation of P*max) 

Such comparisons were realized for seven departments with CDI between 8% and 12% 

(CDICatalogue = 10%), and for six departments with CDI between 13% and 16% (CDICatalogue = 

15%). 

Since conclusions are similar for both 10% and 15% CDI, results are only given for the 10% 

CDI. The reference load duration curves obtained from statistic data for those departments are 

represented in figure 22 (and 23 for the left part of the curve) (blue and green curves) as well 

as the corresponding load duration curve from the catalogue (red curve). Shape differences 

between those curves are obvious. 

 

Figure 22 - “Load duration curves for 7 departments with a CDI between 8 and 12%” vs “Corresponding 

catalogue load duration curve (CDI = 10%, Sigma = 6%)” 
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Figure 23 – “Load duration curves for 7 departments with a CDI between 8 and 12%” vs “Corresponding 

catalogue load duration curve (CDI = 10%, Sigma = 6%)” – Visualization of the highest load levels 

Consequently, the relative deviation of energy not supplied is quite important. For every 

studied department, the relative deviation of the energy not supplied (compared to the energy 

not supplied of the catalogue curve) is represented in the following figure for several load 

levels. 

 

Figure 24 - Relative deviation of ENS (compared to the catalogue) in function of the Available Transmission 

Capacity for seven départements with CDI values between 8 and 10% 

Even if the catalogue was not created for this type of calculation, the relative deviation of 

curtailed energy (compared to the curtailed energy of the catalogue curve) was calculated. 

These relative deviations are also very important (cf. Figure 25).  
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Figure 25 - Relative deviation of ENE (compared to the catalogue) in function of the Available Transmission 

Capacity for seven départements with CDI values between 8 and 10% 

7.1.2.3 Third comparison 

For every area, we tried a third comparison: a comparison between the reference load duration 

curve obtained with statistic data and the load duration curve from the catalogue which is the 

closest to this one. This comparison aims at showing that the catalogue is no longer relevant 

even when we “cheat” on the parameter CDI. Indeed, an error on the determination of CDI is 

not impossible due to the uncertainty on this parameter. 

But the results in this case are not better. The catalogue load duration curve we have chosen in 

the second comparison was the closest one. 

7.1.2.4 Conclusion 

Current catalogue is not anymore representative of current load behaviour. The relative 

deviation of ENS and ENE between current catalogue and French departments is very 

important (cf. Figures 24 and 25). In addition to that, the uncertainty on its main parameter 

(CDI) is important and only nine CDI-values are available, i.e. only nine load profiles. 
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7.2 Possibility of elaborating a new catalogue 

7.2.1 Principle of the comparison 

The load duration curves that were compared to each other are the reference load duration 

curves obtained with statistic data (cf. 7.1.1.1) for areas with same CDI. 

This comparison was then to be widened with the search for other parameters which could 

lead to areas with similar load duration curves. The parameters that could be used in order to 

create a load duration curves catalogue with several selection criteria are the following ones: 

- CDI 

- Number of Degrees-Days 

- Temperature gradient 

- Geographic area 

7.2.2 Results 

The results of the comparison between load duration curves of areas with same CDI are 

shown in section 7.1.2. Indeed, the previously studied departments had close CDI-values 

(from 8 to 12 %). Their load duration curves have quite different profiles (cf. Figure 22). The 

difference in terms of relative deviation of energy not supplied is also quite important (cf. 

Figure 24). Thus, creating a new catalogue only based on the CDI-parameter seems to be 

impossible. 

CDI is the product of two different parameters: the Number of Degrees-Days and the 

temperature gradient (cf. equation 5.3). The Number of Degrees-Days is an indicator of the 

area climate whereas the temperature gradient is an indicator of the cold sensitivity of the 

area. Thus, the following step was to find areas with same couple (NDD, g). Only one couple 

of departments in this situation was found, but the energy not supplied was quite different 

between both areas. 

Elaborating one simple catalogue with a minimum of profiles to describe the load duration 

curves of whatever French area seems rather difficult. However, it could maybe be possible to 

create catalogues for every SE unit. More studies have to be realized before deciding whether 

it is possible to elaborate a catalogue based on several criteria for every SE unit. Other 

geographical divisions could also be considered. For instance, a new simple catalogue could 

be created to model load profiles on large areas for large scale studies, and, for for local 

studies, on demand load duration curves would be preferred to have an appropriate detailed 

and realistic description of local load behaviour. 

Topic to be continued… 
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8 Method to create load duration curves on 

demand for every area 
The following method's aim is to obtain for every area a load duration curve representative of 

the consumption of this area at forecasting time. The main idea is to elaborate a load duration 

curve representative of both past and present consumptions of the area and to make some 

assumptions to distort this profile and obtain a load duration curve that would be 

representative of the consumption of this area at forecasting time. 

The method to obtain load duration curves representative of both past and present 

consumptions of the area is the one that has been used to obtain reference load duration 

curves in order to make the previous comparisons (cf. 7.1.1.1). 

The method to get, for every area, representative load duration curves on demand can be 

divided into six steps. 

- Step 1: Data retrieval 

- Step 2: Load levels at normal temperature 

- Step 3: Calculation of P*max in order to get a normalized load duration curve 

- Step 4: Load duration curves including climate uncertainty 

- Step 5: Profile choice 

Steps 1 and 5 consist in manual operations. Steps 2, 3 and 4 are part of an automatic data 

processing thanks to an Excel tool developed during this study. [12] 

The following explanations illustrate the calculation of an annual load duration curves but 

this method can be applied to have the load duration curve of any time period. 

8.1 Step 1: Data retrieval 

The required data are: 

- The load
12

 at every connection point of the studied area (8760 hourly values per year) ; 

- The real and normal temperatures of the studied area weather stations for the same time 

period (one value every three hours) ; 

- The winter gradients at every connection point of the studied area distribution grid. 

Load levels and temperatures are extracted from a data base called START. The winter 

gradients are calculated every year for the distribution grid connection points during the so-

called EBR survey. [13] 

Several years of data are required in order to obtain several annual or seasonal load duration 

curves. 

                                                
12 The extracted load is called a "total" load. It represents only the power consumption. 

3

1

 



32 

8.2 Step 2: Load levels at normal temperature 

Load levels depend on temperature levels. Real load levels at real temperature are thus turned 

into normal load levels, that is to say load levels that would have been consumed at normal 

temperature. 

The issue for that conversion is to determine which type of temperature shall be associated to 

the hourly power consumptions. Indeed, due to temperature inertia of buildings and consumer 

behaviours, a sudden decrease in temperature will not induce a sudden increase in power 

consumption. 

8.2.1 Smooth temperatures 

The real and normal temperatures extracted from START are given every three hours. 

Temperatures every hour can be deduced by simple regression from these temperatures (cf. 

5.2.3.2). These hourly temperatures are denoted as )(hTH . 

In order to take into account the thermal inertia of buildings and behaviours, the temperatures 

of interest for our calculations are, for every hour, the mean of the 24 last hourly 

temperatures. This temperature is called the smooth temperature (ST(h)). It is calculated by 

the following formula: 
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This definition is based on the temperatures of PREMIS. 

All temperatures in the following document are smooth temperatures. They are by now only 

written as T(h). 

8.2.2 Area temperature 

The area temperature is the temperature that is representative of the area. Defining such a 

temperature is useful if there are several weather stations close to the studied area. The area 

temperature (TA) is calculated according to formula (8.2) from the temperatures at every 

weather station (TStation i) and the temperature gradients at every connection point (gpoint). 
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Indeed, the temperature gradients indicate the influence of the temperature over the power 

consumption and can be seen as an indicator of the weight of every weather station. 

Following temperatures are area temperatures. 

8.2.3 Area gradient 

An area gradient can be calculated according to the following formula. 
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Indeed, since cold sensitiveness is assumed to be a linear relation (cf. 5.2.3.1), temperature 

gradients can be added up. 

Following gradients are area gradients. 

8.2.4 Load levels at normal temperature 

Since load is sensitive to temperature, it is necessary to turn the real load curve into a load 

curve at normal temperature. 

The points of the load curve at normal temperature are obtained by applying equation (8.4) at 

every point of the real load curve, depending on the gap between the normal temperature 

(TN(h)) and the real temperature (TR(h)) at this time and depending on the threshold 

temperature (Tsh) and the temperature gradient of the area (g). [14] 

 ),min(),min()()( shRshNRN TTTTgTPTP   (8.4) 

The situation can also be described graphically (cf. Figure 26) as the movement of a point 

(with abscissa the normal temperature and ordinate the load level) on the temperature 

sensitiveness of the load linear profile defined by a slope (g) and a sensitivity threshold (Tsh). 

 

Figure 26 – Relation between load levels at normal temperature and load level at realized temperature 

NB: For this step, a piece-wise linear model could be used to represent a different sensitivity 

to very cold temperatures and a sensitivity to hot temperatures. The calculation in this case is 

explained in section 13.1. 

8.2.5 Load duration curve at normal temperature 

The load duration curve at normal temperature is then obtained by sorting the load levels at 

normal temperature in descending order. 

8.3 Step 3: Calculation of P*max, in order to get a normalized load duration 

curve 

We now have the load duration curve at normal temperature. We need to turn this load 

duration curve into a normalized one. Indeed, every year, load levels are increasing in most 

cases. Past and present load levels are used in order to get the load duration curve shape but 

not to get the load level. The load level at forecasting time is determined separately. 
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To get the load duration shape only, the load duration curve at normal temperature is 

normalized by P*max, the synchronous load at high load levels and normal temperature. 

P*max is an important parameter since it has an impact on the load duration curve area and 

thus on the volume of energy not supplied. P*max is calculated from the load curve at normal 

temperature. However, some uncertainties about how to calculate this parameter remain and 

should be the object of another study if this method is to be applied. 

Ideas of definition: 

P*max could be defined as the mean of the three highest load levels obtained on three different 

days. It could as well be defined as the maximum of the load curve of a mean day (cf. Figure 

27). But then, this mean day could be quite different according to its definition. Should it be a 

mean day of January? A mean day of the period December-February? Should we take into 

account only working days? Should we except days with special tariffs (EJP) and days during 

school holidays? 
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Figure 27 – A mean daily load curve calculated on working days from December to February without taking 
into account school holidays 

Shouldn’t we apply a P* max-definition that corresponds to the one used to estimate P* max for 

the future? Indeed, every point of the normalized load duration curve will be multiplied by the 

future P* max which corresponds to a certain load growth in order to get a non-normalized 

curve. 

Whatever definition is chosen for P* max, the difference with current catalogue may be quite 

important as observed during the catalogue analysis (cf. 7.1.2.1). This parameter has a large 

impact on the area below the load duration curve and thus on the energy not supplied. If load 

duration curves are elaborated on demand following this method, the volumes of energy not 

supplied (and its cost) could be quite different from the ones obtained by using the catalogue. 

Finally, the estimated failure costs could be so different that it would disrupt the investment 

schedule which could be unfounded. 
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8.4 Step 4: Load duration curve including climate uncertainty 

8.4.1 Gaussian distribution of the temperature 

The addition of a climate uncertainty is based on the following assumption. 

Assumption 2 – Every hour, the temperature follows a Gaussian distribution whose mean is 

the normal temperature (TN(h)) and with a constant variance (σ²). 

It is assumed that a decrease and an increase of temperature are equally likely. 

The probability density function of the Gaussian distribution ²),( NTN  (f(t)) is described by 

following formula and figure. 
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Figure 28 - Probability density function of the temperature at a given hour 

The cumulative distribution function is written as F(t) and defined by following formula and 

figure. 
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Figure 29 – Temperature cumulative density function at a given hour 

The value of the standard deviation (σ) can be determined as based on the definition of the so-

called minimum temperature (Tmin). 
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The minimum temperature is an extremely cold temperature which is reached once a year and 

has been determined by RTE for the main weather stations using statistical data
13

. So, this 

temperature follows the relation (8.7). 
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1
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The relation between the cumulative distribution function of a standard normal distribution 

(Φ(T)) and the one of a normal distribution ²),( NTN  is: 
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Based on relations (8.7) and (8.8), and on the standard normal table, the standard deviation is 

given by: 
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TN0 is the normal temperature of January the 15
th

 at 12:00. Indeed, the so-called minimum 

temperature is often reached around that date. 
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The Gaussian distribution of the temperature is now determined. 

8.4.2 Theoretical method to include climate uncertainty 

The aim of the introduction of a climate uncertainty is to distort the load duration curve at 

normal temperature so that it takes into account the Gaussian distribution of the temperature. 

The idea is to associate to each ordinate (i.e. each load value) its abscissa (i.e. its time period) 

in order to get the load duration curve with climatic uncertainty (LCDC) as shown in the 

following figure. [16] 

                                                
13 The value of these minimum temperatures will be reevaluated by January 2011 to take into account global 

warming. 
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Figure 30 - Theoretical method principle 

Previous step led us to get the load duration curve at normal temperature normalized in P*max 

(cf. 8.3). Besides, every hour, temperature is assumed to be described by a Gaussian 

distribution. It means that loads can deviate from this “normal” load duration curve with 

probabilities defined by this Gaussian distribution. Indeed, load and temperature are linked by 

the gradient (below the threshold temperature). The Gaussian distribution of temperature can 

thus be represented as a Gaussian distribution of load on the “normal” load duration curve, 

and this, every hour (cf. Figure 31). 

 

Figure 31 - Determination of the load with climate uncertainty 

For every ordinate (i.e. every load value Pr), the idea is to determine, for every hour, the 

probability that the load at this hour exceeds the load value Pr. In order to exceed this load 

value, the temperature has to reach a certain level defined by: 
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The probability to reach a temperature below this one can then easily be calculated by: 
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Every hour, we have thus determined a probability that the load Pr would be exceeded. Since 

the load duration curve is formed of hourly mean values, every probability represents the time 

within this hour during which the load Pr is exceeded. The total time that corresponds to the 

load value Pr is then the sum of the 8760 probabilities (i.e. 8760 time periods in hours) and 

can thus be calculated according to the following equation: 

 



8760

1

),()(
h

rrr PhTTPPTime  (8.13) 

This time represents the most probable time during which the load Pr is exceeded. This 

calculation is done for load values from 0 to 1.5. The load duration curve thus obtained 

represents the load behaviour taking into account climate uncertainty. 

The result aims at simply obtaining the same result than an intuitive method which would 

consist in selecting every hour an infinity of random samples following the Gaussian 

distribution. 

NB: For this step, a piece-wise linear model could be used to represent a different sensitivity 

to very cold temperatures and a sensitivity to hot temperatures. The calculation in this case is 

explained in section 13.2. Moreover, in order to represent an evolution of the temperature 

sensitivity of the load, the temperature gradients and threshold temperatures that should be 

used for this step should model the future load behaviour. 

8.5 Step 5: Profile choice 

For a same area, we calculate annual or seasonal load duration curves with climate uncertainty 

for several years (cf. Figure 32). We can then calculate the mean load duration curve or 

decide to exclude one year if we judge that this one is not representative. 
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Figure 32 – Four annual load duration curves with climatic uncertainty for the same area 

We can decide to make other modifications: add a load curve to represent the arrival of a new 

customer or delete the load curve of a customer if he knows this customer will not be here in a 

few years. 

This step is an important one since it involves the expertness of the person who uses this tool. 
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9 Project status 

9.1 Comparison of both methods: "new catalogue" vs. "on demand" 

Two methods have been previously presented. Both methods are not complete but require 

some more studies before to be applied. Both methods provide advantages and drawbacks 

(summarized in the following table) and will certainly both be used, but for different 

applications. 

A new catalogue provides a simpler solution but is less accurate than the method which 

consists in elaborating load duration curves on demand, since this last solution is realized by 

using real and local data. The catalogue solution presents another important advantage: it 

provides a homogeneous definition, since it would be a unique catalogue used for several 

areas. This is an advantage since the aim of the load duration curves is to decide the 

distribution of the investments all over France. Indeed, RTE has investment objectives every 

year and the profitability calculation of the investments helps determining where these 

investments should be realized. The main advantage of the method to elaborate load duration 

curves on demand is that it can help convincing a third party
14

 due to its accuracy and the use 

of local data. 

Both methods are not applicable by now. For both methods, a proper definition of P*max has 

to be studied and decided. Indeed, this parameter has a high impact on the volume below the 

curve and thus on the volume of ENS. Finally, the estimated failure costs (i.e. the ENS cost) 

could be so different that it would disrupt the investment schedule which could be unfounded. 

The method to elaborate load duration curves on demand presents a difficulty about the 

correction of changes in grid operation schemes. Indeed, such changes can induce “load 

exchanges” between two connecting points (for instance during maintenance periods), which 

appear on the real load values. Since we do not want such load changes to appear, we have to 

find a way to detect and correct these load exchanges. They are an issue as far as small areas 

are concerned whereas, for larger areas, they can be assumed to be small in comparison to the 

load levels at stake. This issue has not been studied through the Master Thesis since the 

considered areas were rather large ones (French departments). Nevertheless, in order to 

correct load exchanges it could be possible to compare load levels between two consecutive 

hours or between same type of days (e.g. Mondays) and consecutive years. But such solutions 

which consist in a smoothing of the load curve are to be examined carefully because the cause 

of an increase/decrease of consumption can be the effect of other phenomena we do want to 

keep like price sensitivity, industrial processes… 

But the method to elaborate load duration curves on demand presents another advantage. 

Currently, fixed and linear loads are separated and the fixed load is assumed constant. It 

would be the case for the new catalogue since different growth rates have to be implemented 

for the fixed and linear loads. On the contrary, the new method on demand provides the 

means to calculate directly a load duration curve for the total load (i.e. the linear and fixed 

loads). Indeed, the date information is kept until step 4, where we could find the duration 

                                                
14 The term third party refers to people or institutions who play a role in grid development decisions. For 

instance, the CRE (the French Energy Regulator), local administrations, and people living near the facilities that 

have to be approved. 
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curve with climatic uncertainty for the total load and even define a different load growth for 

linear and fixed loads. Thus, the fixed load could not anymore be assumed constant. 

Some other studies about the catalogue solution have to be launched in order to determine for 

which areas this solution is to be restrained and which parameters are to be used. Both 

methods will certainly be applied, but for different applications. The catalogue solution would 

be limited to large scale studies on large areas whereas the load duration curves on demand 

method would be applied for small areas or particular areas (areas with embedded generation, 

near ski stations
15

…). 

CHARACTERISTICS NEW CATALOGUE LOAD DURATION CURVES ON 

DEMAND 

Simple use Simple (ideal for this use) Less simple 

Representativeness of 

current load behaviour 

To be updated regurarly Sustained accuracy (updated 

at every use) 

Distribution of the grid 

investments in France 

Homogeneous definition 
(same catalogue for all): fair 

distribution of the investments 

all over France 

 

Non homogeneous by 

definition, but rules can be set 

up so that it stays the most 

homogeneous possible (as 

regards P*max…) 

To convince a third party Arguments: new catalogue, 

updated profiles, homogeneous 

definition 

A strong argument: based on 

local data 

Modification of the shape 

of the curve (to model 

future behaviours) 

To be integrated in the 

parameters (uncertainty, 

temperature sensitivity) 

Ideas: 

Add/delete consumers 

Evolution of the temperature 

sensitivity model (g, Tsh) 

To be continued… 

P*max definition To determine a proper definition (link with the load levels 

forecast) 

High impact of this parameter on the result 

Can result in unjustified changes in the investment schedule 

Difficulties to be solved Difficulty to elaborate a unique 

catalogue for the whole France 

(too many profiles). 

A catalogue with a limited 

domain of application and 

with several parameters is to 

be studied. To be continued… 

To correct changes in 

operation schemes (high 

impact for small areas) 

Fixed and linear load 

combination 

New catalogue for the linear 

load only (because different 

growth rates) 

Possible to calculate directly a 

load duration curve for the 

total load (fixed + linear) 

Domain of application 

(that will certainly be 

decided) 

Limited to large areas or 

regional catalogues 

Particular cases 

Small areas 

Figure 33 - Comparison between both methods 

                                                
15 Consumption around ski station is atypical: important while snow cannon and ski lifts are working, quite low 

the rest of the time. 
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9.2 Representative of the power flow 

Both methods provide load duration curves. The following section analyse briefly the 

accuracy of the use of load duration curves to represent the flow in lines “in constraint” (cf. 

assumption 1 in section 5.1.4.1). 

For instance, if there are several lines coming in the studied area (cf. Figure 34), this 

assumption is not true. Indeed, the load repartition within the area (i.e. between connection 

points A, B and C) changes along the day. The induced flow in every line depends on this 

load repartition and on transmission lines characteristics. The repartition of the flow between 

both lines coming in the studied area could thus change along the year. 

Moreover, the situation is not as simple as represented in figure 34 since there are links 

between the loops of the sub-transmission grid. We should indeed consider a meshed network. 

But grid development studies are fastened thanks to the assumption that load duration curves 

can be used to represent the transmission in lines in "constraint". It will indeed be a very long 

work to run a grid simulation for every hour of a year. Nonetheless, it could be interesting to 

analyze this phenomenon in order to determine, for instance, a relevance perimeter for this 

assumption. 

 

Figure 34 - Example of a constrained area with two injection lines 

9.3 Load curves on demand 

The method to elaborate representative load duration curves for every area could be used to 

determine load curves for every area. Indeed, this method can be used to get the load curve at 

normal temperature. The climatic uncertainty could then be added as a scatter plot around the 

load curve. 

Load curves are indeed useful in some analysis. It is for instance the case in areas where solar 

generation is important. Indeed, load and solar generation are not independent. Since load 

duration curves indicates load levels without any information about the time when they were 

consumed, we can just assume high load levels are consumed during daytime in winter 

whereas low load levels are consumed during night-time in summer. Nevertheless, this 

information cannot be used since these extrema do not correspond to solar generation 

extrema: the highest solar generation is obtained during daytime in summer whereas the 

lowest solar generation is obtained during night-time. So, the only solution to deal with 

transmission constraints in an area characterized by a load and solar generation is to use load 

curves. 
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10 Synthesis 

10.1 Current catalogue 

Current load duration curve catalogue was compared to the load duration curves of fourteen 

areas (French departments). 

Results indicate current catalogue is no longer valid. Indeed, comparisons between the 

reference load duration curves obtained from statistic data and the one that would have been 

chosen in the catalogue highlighted high differences between both curves. These differences 

induce high differences of energy not supplied. 

Moreover, current catalogue is based on a parameter CDI which allows only nine different 

load profiles (corresponding to the CDI-values 0%, 5%, 10%, 15%, 20%, 25%, 30%, 35% and 

40%). This means that nine load duration curves should be enough to describe the load 

behaviour, which, based on previous comparisons, is false. 

10.2 Catalogue concept 

Since current catalogue has shown its limits, we analyzed the possibility of elaborating a new 

load duration catalogue. The first criterion that has been analysed is CDI. It appeared that load 

duration curves of areas with same CDI are not similar: it seems then not accurate to build a 

catalogue with this only parameter. The idea could be to elaborate a catalogue based on 

several criteria. 

Next step was then to associate areas with same couple (g, NDD) but it appeared difficult to 

find such areas. Since NDD is partly a geographical parameter (it represents the area climate), 

it could be possible to make such comparisons within a smaller area, for instance within every 

regional area. It could thus be possible to elaborate regional catalogues. It could also be 

possible to elaborate a catalogue to describe some large areas only. 

The catalogue concept is not to be given up because such a method provides a simple and 

homogeneous solution. It is simplest because there are a limited number of parameters to 

evaluate. As a catalogue, it will deliver the same bunch of curves for the whole France and 

thus unjustified high differences between areas and unfair repartition of the investments could 

be avoided. 

But in some particular cases, or for small areas, it would be necessary to have another 

solution: it is the aim of the new method to elaborate load duration curves on demand. 

10.3 A new method: load duration curves on demand 

The method of elaboration of load duration curves for every area offers lots of advantages. 

It provides an increased and sustained representativeness of current and real load behaviour of 

the studied area. Indeed, the load duration curves are elaborated based on statistic data from 

the last years. 
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This method can help convincing a third party of the need for grid reinforcements since the 

calculations are based on local data and not anymore on load duration curves elaborated in the 

early nineties. 

The new method provides the means to calculate directly a load duration curve for the total 

load, and thus, not to assume anymore the fixed load as constant. 

It allows also a better description of the future: for instance, the evolution of the temperature 

sensitivity and the arrival/departure of a consumer can be taken into account in the model. 

But this new methods involves two main difficulties which have to be raised. 

The first one is about the value of P*max. A homogeneous definition has to be decided and we 

should keep in mind that it is a rather important parameter in terms of ENS-value. 

The second one is about the correction of changes in grid operation schemes, which can have 

a high impact in rather small areas. Even if some ideas have been suggested, it has to be 

studied carefully since it can be rather difficult to know if a decrease/increase of consumption 

is due to grid operation schemes or to another phenomenon. 

Finally, this new method is promising and could, after the adjustment of the two main 

difficulties, be applied. Since it is less simple than a catalogue solution and provides a non-

homogeneous solution contrary to a catalogue, it is to be used for particular cases or small 

areas. Indeed, the amount of parameters that can be adjusted can lead to really different results 

and maybe to an unfair repartition of the investments in France. 

10.4 Load curves on demand 

In some particular areas, for instance in areas with a high implantation of solar generation, 

load curves on demand could be used in order to keep the information about the time. 
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13 Appendix: three temperature gradients 

A piecewise linear model with three temperature gradients can be used to describe the 

temperature sensitiveness of the load (cf. section 5.2.3.1). This sensitiveness relation is 

represented in figure 16. 

The three winter gradients are denoted as gWinter-1, gWinter-2, and gSummer. Three threshold 

temperatures have to be defined: Tsh-1, Tsh-2, and Tsh-Summer. 

13.1 Load curve at normal temperature 

To convert the load into its value at normal temperature, equation (13.1) should be applied 

instead of equation (8.4) (cf. 8.2.4). 
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13.2 Load duration curve with climatic uncertainty 

To include a climatic uncertainty, the idea is to determine, for every ordinate (i.e. every load 

value Pr), the corresponding abscissa (i.e. the probable time during which this load value will 

be exceeded). This time is the sum of the probabilities that, for each one of the 8760 hours, 

the probability that the load at this hour exceeds the load value Pr (cf. 8.4.2). In order to 

exceed this load value, the temperature has to reach a certain level Tr defined by equation 

(13.2). 
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According to the section of the piecewise linear model where Tr is located, equation (13.2) is 

solved differently. 

If Tr<Tsh-2,  
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If Tr>Tsh-3, 
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The relation between Pr and Tr is not bijective since a given load level Pr can be reached 

either by decreasing the temperature (cold temperatures sensitiveness) or by increasing the 

temperature (hot temperatures sensitiveness). It means that for every Pr correspond two Tr. 

The probability that, for a given hour, the load level Pr is reached is thus equal to the sum of 

two probabilities: 

- the probability that the temperature will be below the lowest Tr 

- the probability that the temperature will be above the highest Tr 

This situation is illustrated in the following figure. 
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Figure 35 - Calculation of the two possible temperatures Tr so that the load level equals Pr 

Another situation can occur: it can be, in some cases, impossible to find Tr so that the load 

level Pr is exactly reached. It means that, whatever the temperature value, the load level will 

be exceeded. In this case, the probability that, for a given hour, the load level Pr is reached is 

equal to one. This situation is illustrated in the following figure. 
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Figure 36 - Case when there is not any temperature Tr so that the load level equals Pr 


