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Résumé

Nous proposons, dans ce papier, un modele de prévision tenant compte de 'effet de la
climatisation sur la consommation d’électricité!. Cette modélisation a nécessité une anal-
yse spécifique de I’élasticité de la consommation journaliere par rapport a la température.
Ainsi, I’étude de I’évolution de la part estimée liée a la température (chaud/froid), nous a
permis, de prévoir I’évolution du parc d’appareils de climatisation. Ce résultat était parti-
culierement utile, dans la prévision a moyen terme surtout en absence d’une quantification
directe du parc de climatiseurs.

Mots-clés : Principal : Ingénierie-industrie, secondaire : Econométrie

Abstract

Recently, the Tunisian electric load has shown qualitative and quantitative modifications.
These changes are relating to the highly increase in the cooling and heating needs. Under
this situation, mid-term load forecasting must take into account weather impact and
especially the equipment rates increase on heating and cooling devices. In this paper,
we propose a mid-term load modeling under lack of information about equipment rates.
For this purpose, method for weather-sensitive load estimation, based on temperature
consumption sensitivity analysis is presented.

Keywords: Principal: Engineering-industry, secondary: Econometrics.

1 Introduction

The electric power mid-term loads forecasting, such as the daily consumption and the
annual daily peak values are essential to the operating and planning of utility company.
However, the prediction of these electric variables is increasingly difficult, because of
their dependence to the economic cycles and recently to the weather changes. Thus, due
to the highly increase in air-conditioning load, univariate time series modeling becomes

!This work was supported by 2005/2007 VRR (Projet de Valorisation des Résultats de Recherche du
Ministére de la Recherche Scientifique de la Technologie) research project with Department of Studies
and Planing of Tunisian Society of Electricity and Gas (STEG).



insufficient. Indeed the field of low voltage represents 45% of the total Tunisian electricity
consumption (the residential sector represents 68% of this class of consumers) and the use
of central air conditioner units in the tourism sector which represents 12% of average level
voltage consumption (47% of the global consumption). In this case, models which take
account weather factors are suitable, e.g Mirasgedis et al. (2006), Ning Lu et al. (2010),
Chen et al. (2001). Nevertheless, with the Tunisian electricity consumption context,
models elaborating which take account weather factors is not a trivial task. The related
difficulties are listed as follows:

e There are no consensus about how to estimate the evolution of weather impact on the
daily electricity consumption. Indeed, prediction is being a complicated task because
of the lack of immediately available useful information about the consumers’s classes
consumption structures and their equipment rates on heating and cooling devices

e Only available climatic time series are the minimum and maximum values of the
observed Tunis area daily temperatures. Moreover, many studies have founded that
the temperature is the most commonly used load predictors, e.g Hippert (2001),
Valenzuela et al. (2002).

The mid-term forecasting model of the daily electric consumption is given by?:
DE! x PJ(i,j) x S(i)
DE(a,i,j) = < ’ 1

where DE(a,i,j) is the power forecasted for the j day and the i week in the considered year
a. DE/ represents the total consumption forecasted for the considered year a. PJ(i,j)
(resp. S(i)) is daily (resp. weekly) power weights. NJE is the number of equivalent days.
Since 2000, the Absolute Percentage Errors (APE) observed for the yearly peak load
forecasting is being greater than 3% and reaches 6% in 2004. This result is related to
qualitative and quantitative modification on load curve characteristics generated by the
greater consumption of the air conditioning observed during last decade. A more complex
load forecasting models which take account weather factors are then necessary even for
mid-term forecasting.

The outline of the paper is as follows: Section 2, recalls the utility of the weather
sensitive component analyzing. A short description of the proposed annual air condition-
ing share estimation method was also presented. The proposed mid-term load forecasting
method is presented in Section 3.

2 Annual air-conditioning share estimation

Isolating electric air-conditioning share from the total aggregated electric consumption is
a difficult task. e.g Contaxi (2004), Mirasgedis et al. (2006). We propose to make pre-
processing of the daily electric consumption (DE;) in order to extract the non sensitive

2This model is derived from the Model for Analysis of Energy Demand (MAED). The latter, was
developed by the International Atomic Energy Agency (IAEA) and adapted to Tunisian electricity con-
sumption context.



electricity load component (holidays and industrial seasonality).

In Tunisia, high sensitivity with climatic changes is observed in the fields of low and aver-
age voltage consumptions composed primarily of tourism, residential and administration
sectors. Based on this hypothesis, the preprocessed load component is given by:

. DE;,,

Where, DE; ,, ; is the monthly consumption of the sector se {industry, agriculture, transport}.
Note that different numbers of equivalent day NJE?, for the m month related to the s

sectors are evaluated.?
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Figure 1: Daily electric load consumption 1995-2008 from STEG utility

The proposed annual air conditioning estimation is based on the analysis of the
Tunisian daily corrected consumption DE} with daily temperature indicator T; elasticity
analysis. Preliminary results established from the analysis of a weighted average tem-

perature (T = %) and consumption correlation shows that the more significant
daily temperature indicator is obtained for « = 3 = 1. In this case, The temperature

d(E(T;))

d(T;) -
of the scatter diagram of the daily consumption DE? versus average temperature 1'; (see
Fig.2).

Generally, electric time series have known seasonal components (weekly, monthly).
In addition, The Tunisian electric daily load consumption, recorded during the period
1995 to 2008, shows linear long-term trend component and high increasing asymmetric
fluctuations (see Fig.1). This means that the growth rates in high and low tempera-
ture intervals of cooling and heating needs are not the same which is due to the exis-
tence of other heating sources than electricity. We then differentiate the effects of high
and low temperature (P§, and Pj). The annual temperature effects estimation are :

consumption elasticity is defined as , Where E(Tj) is the non linear model fitting

3Note that STEG does not has daily sectors electricity consumption (only monthly values are available)
which have different sensitivity with the climatic changes, e.g Sailor (2001), Yang et al. (1996), Chico et
al. (2005).
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Figure 2: Scatter diagrams: (2.a) Normalized total daily consumption DE; vs daily
average temperature T';, (2.b) Normalized corrected daily consumption DEY vs T

a Tre a (T a max(T a (7 )
Plr =3 m{n@j)%jx[E (Tj) E (T, )] and Pfp =3 T,ef Uit X[E (T ) — E° (Tref)]
for high and low temperature (Fig.3).
Where T, is the number of days where the observed average temperature is equal to

T;. T, is the reference temperature derived from the daily Tunisian consumption and
daily average temperature elasticity analysis (Fig.2). Note that the reference temperature
meaning is close to comfort temperature estimation. The study of the evolution of the
normalized temperature consumption share can gives information about the increase on

the total equipment rate p and pLT of heating and cooling devices.
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Figure 3: Estimated annual temperature sensitive electricity load components

3 Mid-term load forecasting

Statistical techniques such as regression are broadly used for mid-term load forecasting.
These approaches usually require an additive model which decomposes the total load
DE at different time scales (eq.3), on base load DE® (which takes into account trend,
day of the week, seasonal monthly component), special event component DE* (related to
calendar), completely random term DE" and Weather sensitive load DE", e.g Mirasgedis



et al. (2006), as follows:
DE = DE* + DE* + DE” + DE" (3)

where equations of the components are:

6 11
DEb + DE® = c+ at+ Z Oéil{j:i}‘i‘ Z 6k1{m:k}+fyl{j:JF} + Hl{j:JRAM} (4)
i=1 k=1
2
DE; = Z a;DE}_; +¢; ; €;is a white noise distributed error. (5)
j=1

where ¢, a are trend coefficients. Z?:l a;lgj—; and 2,161:1 Br1{m=r} are dummies which rep-
resents, respectively, the seasonal weekly and seasonal annual load components. 1g—;r)
and 1g—j,,,,} denote the particular consumption structure observed in holidays and Ra-
madan.

The proposed daily load forecasting method is based on multiple regression model-
ing which integrates two traditional explanatory variables reflecting temperature effects:
the Cooling Degree Days CDD; = maz(0,(T; — T,.;) and the Heating Degree Days
HDD; = maz(0, (T,.; — T;)), Mirasgedis et al. (2006), Sailor (2001), Contaxi (2004).
The introduction of climatic variables in forecasting models is not trivial for two reasons.
The first is that it is difficult to extract nonlinear impact of temperature on load and
memory effect characterizing the behavior of the consumers towards the variations of the
temperature. The second is connected to the asymmetry of the impact of high and low
temperatures: elasticity is different according to the zones of temperature and one ob-
serves, also a saturation phenomenon of the consumption with regard to the temperature.
This phenomenon is observed in two branches relatives to cooling and heating devices and
is due to the exhaustion of the air conditioning park.

A Particular care must be given to the impact of the level of saturation of heating or
cooling devices, eg Sailor (2003). As a consequence, we propose to modify the expres-

sions of the CDD; and HDD; as follows: CDDNE = CDD; 2L and HDDNE =

J'E(Tref)

CDD;. EEE(TQ;)’ which takes into account the nonlinear impact of temperature on load. As
results, based on the significatively test we have determined lags of the memory effect.
Moreover, we integrate into the model forecasting of the logarithmic daily consumption
log(DE;), the annual indicator of the increase usage of cooling and heating devices pf”
and pET. We assume the additive expression model given in eq.1 for log(DE;) forecasting

model.
2 2
DE! = pi™ " 0,CDDN: + pi" > " i HDDY, (6)
i=0 i=0
Then we were able to build a model of mid-term forecasting, by scenarios of daily

consumption of electricity based on scenarios of weather evolution.
D



4 Conclusion

In this paper, equipment rates increasing on cooling and heating devices is analyzed.
Through this study of weather-sensitive load estimation, based on consumption tempera-
ture sensitivity analysis, a mid-term daily load forecasting is proposed. The method was
tested on the daily consumption forecasting for three years and has given accurate interval
confidence. These last ones were chosen to allowing the STEG to plan adequately sized
generation.

Acknowledgments

The authors would like to thank the Department of Studies and Planning of Tunisian
Society of Electricity and Gas members: F. Bergaoui, R. Ben Mansour, N. Hizaoui for
their cooperation.

The authors would like, also, to thank Jean-Michel Poggi* for his valuable comments
and suggestions.

Bibliographie

[1] N. Lu, T. Taylor, W. Jiang, C. Jin, J. Correia, L. Leung and P.C. Wong (2010)
Climate Change Impacts on Residential and Commercial Loads in the Western U.S. Grid,
Transactions on Power Systems, Vol. 25, No. 1.

[2] J.W. Taylor and A. Espasa (2008) Special Issue on Energy Forecasting : Introduction,
Internationa Journal of Forecasting, Vol. 24, pp. 561-565.

(3] J.D. Hamilton (1994) Time Series Analysis. Princeton University Press, New Jersey

[4] S.Mirasgedis,Y.Sarafidis,E.Georgopoulou,D.P.Lalas, M.Moschovits, F.Karagiannis and
D.Papakonstantinou (2006) Models for Mid-Term Electricity Demand Forecasting Incor-
porating Weather Influences, Energy 31, 208-227.

[5] D.J. Sailor and A.A. Pavlova (2003) Air conditioning market and long-term response
of residential cooling energy demand to climate change, Energy 28, 941-951.

[6] D.J. Sailor (2001) Relating residential and commercial sector electricity loads to
climate-evaluating state level sensitivities and vulnerabilities, Energy 26, 645-657.

[7] C.S.Chen, J.C.Wang, M.S.Kang, J.C.Hwang and C.W.Huang (2001) Temperature Sen-
sitivity Analysis of System Power Profiles, IEEE Transactions on Power Systems, Vol.
16, No. 2.

[8] J. Valenzuela, M. Mazumdar and A. Kapoor (2000) Influence of Temperature and
Load Forecast Uncertainty on Estimates of Power Generation Production Costs, IEFEE
Transactions on Power Systems, Vol. 15, No. 2.

[9] G.Chicco, R.Napoli, F.Piglione, P.Postolache, M.Scrutariu and C.Toader (2005) Emer-
gent Electricity Customer Classification, IEE Proc.Gener. Transm. Disturb. Vol.152. No.2
[10] E.G. Contaxi (2004) Application of a Weather-Sensitive Peak Load Forecasting Model
to the Hellenic System, MELECOM, May 12-15.

4University of Paris Descartes and Laboratoire de mathématiques d’Orsay, France.

6



