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Abstract 
 
Energy planning must anticipate the development and strengthening of power grids, power plants construc-
tion times, and the provision of energy resources with the aim of increasing security of supply and its quality. 
This work presents a methodology for predicting power peaks in mainland Spain’s system in the decade 
2011-2020. Forecasts of total electricity demand of Spanish energy authorities set the boundary conditions. 
The accuracy of the results has successfully been compared with records of demand (2000-2010) and with 
various predictions published. Three patterns have been observed: 1) efficiency in the winter peak; 2) in-
creasing trend in the summer peak; 3) increasing trend in the annual valley of demand. By 2020, 58.1 GW 
and 53.0 GW are expected, respectively, as winter and summer peaks in a business-as-usual scenario. If the 
observed tendencies continue, former values can go down to 55.5 GW in winter and go up to 54.7 GW in 
summer. The annual minimum valley of demand will raise 5.5 GW, up to 23.4 GW. These detailed predic-
tions can be very useful to identify the types of power plants needed to have an optimum structure in the 
electricity industry. 
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1. Introduction 

There is a broad consensus about the need of accurate 
models for electric power demand forecasting (e.g., [1-3]). 
Demand forecasting is necessary for the operation and 
planning of electricity systems in terms of power and en- 
ergy. The interpretation and use of its results are critical in 
energy efficiency and sustainability issues. The role of 
forecasting is essential in key decision making, such as 
investments in power capacity, infrastructure development 
or electric system management. Thus, depending on the 
time horizon selected, demand forecasting can be classified 
as: short-term (from 1h to 1 week); medium-term (from a 
week to a year); long-term (from a year to ten years) and 
very long-term (more than 10 years). Such a classification 
corresponds to the time needed to provide different types of 
reactions in implemented energy policies. A nuclear power 
plant, for instance, cannot be built in the medium-term. In a 
different scenario, wind power must be anticipated with 3 
or 4 hours, to have some gas fired combined cycles (GFCC) 
ready as back-up power. The underestimation of electricity 

demand could lead to undercapacity (in power and grid), 
which would result in poor quality of service including 
localized brownouts, or even blackouts. On the other hand, 
an overestimation could lead to overinvestment in power 
plants and grid that may not be needed for several years. 

Electricity demand forecasting is aimed at a triple ob- 
jective due to the crucial importance of electricity in 
modern economies: 1) security of supply: especially im- 
portant in electricity, because of the practical impossibil- 
ity to be stored as such and the long time required to 
build power stations (typically varies from 5 years for 
gas fired combined cycles and 10 to15 years in the case 
of other thermal plants and new dams); 2) environmental 
quality in the grids development and the sources of en- 
ergy (includes requirements at local scale, regional scale 
and global); 3) low costs, which are associated to a 
competitive sector. These criteria can be understood in 
different ways: if the electricity system is government 
operated, the criteria used for the development of the 
electricity industry are reliability, cost and acceptable 
environmental impact. In a private system, the most im- 
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portant criterion is profitability. It is presumed that mar- 
ket forces will guide the electricity industry to a close-to- 
optimum state, which is something arguable, unless de- 
mand can be predicted accurately.  

Indeed, in Spain there is a combination of both: pri- 
vate investment, which is driven by public interest. Thus, 
the role of regulation is essential in electricity planning. 
The development of electricity and gas transmission 
networks in Spain requires government approval [4] and 
the private investments are fully paid by the Spanish 
electricity system [5] with a feed in tariffs (FIT) model. 
Investments in generation are also private, but there are 
incentives, supported by the FIT model: electricity gen- 
eration by renewable energies [6] and the installation of 
conventional generating capacity [7]. At this point, sev- 
eral forms of regulation, specially aimed at ensuring an 
adequate level of supply, are discussed, for instance, in 
[8] or [9]. The regulation in Spain also sets, for example, 
the tariffs access to networks ([10] and [11], in 2009) or 
the official demand response programs1 (DRP). Energy 
suppliers may also offer the DRP, but their existence, 
and therefore its consideration, is unknown for a forecast 
of electricity demand for the whole Spanish system. 

Governments and/or utilities must forecast demand for 
the long run (10 to 20 years), make plans to construct 
facilities (grids and power plants) and begin their devel- 
opment according to reliable expectations of growth or 
slowdown. A fast growth rate of electricity demand will 
consume the excess of base-load capacity; this will result 
in higher electricity prices and lower environmental 
quality of generation units, jeopardizing security of sup- 
ply. Thus, an error in the demand forecast cannot be 
overcome immediately and the demand cannot be met 
because of lack of generating capacity or capacity of the 
grid. When this happens, some authors, as [2], consider 
that a reduction of the nation’s gross domestic product 
(GDP) may be registered because of losses in production 
of consumers in the industrial and commercial sectors; 
and other aspects, as social disruption, are difficult to 
estimate in terms of monetary value. Under those cir- 
cumstances, other tools are necessary to prevent potential 
blackouts or brownouts: DRPs can help SO to respond to 
those contingencies and to manage and enhance the 
overall reliability of the system ([15] or [16] give other 
examples of DRP); for instance, the lack of DRP is con- 
sidered as a critical reason for blackouts in California in 
2000 [17]. In addition, there is an efficiency argument in 
place DRP; the benefits arise from even a small amount 
of demand response [18]: a small reduction in peak de- 
mand can significantly reduce both energy (lower fuel 

costs and higher efficiency of power plants) and capacity 
costs. It is worth noting that some authors do not fully 
agree with all the DRP [19], considering that stimulating 
customers to refrain from purchasing products they want 
seems to run counter to the normal operation of markets. 
In any case, the use of electricity demand forecasting 
must be also addressed to calculate the total amount of 
DRP that the system needs. 

This paper distinguishes three levels of demand fore- 
casting: 1) macro level: national electricity consumption; 
2) intermediate level: sectorial electricity consumption; 
and 3) micro level: the shaping of each load curve, na- 
tional and sectorial. The work focuses on the micro-level 
with the aim of forecasting peaks of electricity demand 
on the long term, up to the year 2020. The macro level is 
not addressed here because governmental forecasts ([4] 
and [20]2) are used for electricity demand. These fore- 
casts have served as boundary conditions to face the in- 
termediate level in this paper, where sectorial trends of 
mainland Spain’s electricity demand are estimated. The 
methodology allows comparing and validating the Span- 
ish energy planning forecasts. 

The paper is organized as follows. Section 2 presents 
the main concepts of the methodology. Section 3 shows 
the main statistics and sources of data of electricity de- 
mand in Spain (historic records and forecasts). Section 4 
introduces the mathematical methodology and the main 
boundary conditions. In Section 5, the results and their 
validation are presented. Section 6 contains some ideas 
about the needs of power generation facilities in the 
decade 2011-2020 considering the results of Section 5. 
Some concluding remarks follow in Section 7. 

2. Methodology: Main Concepts 

Another widely extended concept is the influence on the 
electric demand of a country of various factors, as it is 
said in [1,21-23]: weather conditions, number of daylight 
hours, electricity prices, day of the week, electricity us- 
age habits, demographic parameters, influence of busi- 
ness cycles, GDP or economic growth. Social events, as 
a football match can also affect the demand of electricity: 
U.K. National Grid, plc. (www.nationalgrid.com) ex- 
plains that after England’s world cup semi-final against 
West Germany in 1990 the demand soared by 2.8 GW, 
close to 10% of the demand. This aspect is also high- 
lighted by the Spanish electricity SO [24]. 

Other aspects which may affect the future electricity 
demand are: the introduction of energy saving measures 
and continuous improvement in the consumption of elec- 
trical equipment, which will contribute to a more effi- 1Tariffs with demand response mechanisms (DRM), as direct load 

control (introduced by [12] and developed by [13]), are in use in Spain. 
According to [14], on December 31st, 2009 were in force 142 contracts 
in the mainland system, with an associated power of 2,112 MW. 

2Which considers the consumption patterns in Spain to meet the objec-
tives known as 20-20-20, defined by the European Directive 2009/28/
EC. 
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cient demand scenario [25]; partially related with effi- 
ciency, restructuring or renewing of networks throughout 
the forecasted period would reduce electricity losses [23]; 
the evolution of temperature dependence patterns result- 
ing from climate change [26]; the introduction or change 
of DRP. For instance, the reliability of some DRP in 
USA reached a load reduction ranged from 1.8% to 2.3% 
over expected power [15]; or the change in the winter 
peak of residential consumers with time of use rates 
(TOUR or tariffs, TOUT), ranging from an increase of 
0.04% to a reduction of 2.44% [27]. In Spain, TOU tar- 
iffs are in place, defined at [28] and [7], and have been 
considered to characterize the sectorial consumption. 

In the period under review, a business-as-usual (BAU) 
scenario has been considered, regarding to the year 2009. 
From the analysis of preliminary results for the BAU 
scenario, other alternative scenarios have been consid- 
ered for the winter peak and summer peak of electricity 
demand. 

A conventional electricity planning process forecasts 
the annual increases in peak power over a chosen time 
frame. Then, the methodology is applied. For instance, 
the trend method to the historical data of growth in de- 
mand for electricity projecting it into the future, between 
10 or 15 years to accommodate construction times for 
base-load power stations [2]. Electricity demand scenar- 
ios can be developed applying different assumptions to a 
Cobb-Douglas function, which is considered to reflect 
properly the nature of demand developments [21]. Typi- 
cal parameters used in that function are income and price 
elasticities, increase in energy efficiency and predictions 
of GDP. The Cobb-Douglas function can be applied to 
each of the economy sectors individually, in order to 
obtain disaggregated electricity consumption. 

In this paper, the macro level of forecasting is not 
faced, because the forecasts of energy planning have 
been used [4,20]. The intermediate level is deduced from 
those documents. 

The load curve shape is dependent on many factors, 
such as economic development, climatic conditions, and 
electricity usage habits. The prediction of the shape of 
the load curve can be developed using, for instance, dis- 
aggregation-aggregation, econometric techniques, or a 
combination of them [3]. For instance, in [23] it is used a 
local utility’s estimation of load curve till 2025 calculated 
from the trend in the load curve and the expected growth 
rate and considering a reduction in electric losses rate. 

The micro level of forecasting is faced here using the 
disaggregation-aggregation technique in order to obtain 
the load curve shape of each sector of consumption se- 
lected. The electricity demand in the same month of dif- 
ferent years must have very similar variations from the 
general rising trend because this demand is mainly con- 

trolled by climatic factors [29]. If previously said is as- 
sumed, then the influence of weather conditions is also 
included in the load curves for the base year. Also, the 
influence of, for instance, working patterns or social 
events is included in those load curves of the base year in 
a BAU scenario. The load curves are projected into the 
future, taking into account the annual sectorial consump- 
tion of electricity identified in the intermediate level for 
each year. The sectorial load curves are aggregated (for 
each hour of the year) and the system’s load curve is 
obtained for each year of the period analyzed. Finally, 
the peaks and valleys of electricity demand are identified 
for each year. 

The methodology is close to the trend method (due to 
the assumptions in the macro and intermediate levels), 
but the results are richer, because the full load curves of 
the system and each sector of consumption are available, 
which will allow a deeper study or other uses. The for- 
mulation is easy and can be developed, for instance, in 
an Excel workbook in a normal laptop or PC. 

The selected base year (2009) contains patterns of ex- 
treme temperatures, both in winter and summer, which 
will allow a good extrapolation to predict possible peaks 
of demand in the future. In the months of January and 
December, some days were observed with temperatures 
up to 7 degrees Celsius below average, as can be seen in 
[30]. Up to date, in Spain, the year 2009 has been the 
third warmest year in the time series of records since 
1961 [31]. 

In the Spanish energy sector, electricity demand is 
understood as the electricity available for use in the 
market, prior to transmission and distribution, as it is 
provided by conventional generators [32] (mainly nu- 
clear, coal, GFCC and large hydro technologies). Elec- 
tricity demand is technically defined as power station bus 
bar demand and excludes the self-consumption of auto- 
producers (electricity that has not gone through the grid). 
For each type of consumer, depending on the level of 
voltage and hourly TOUT, coefficients of electricity 
losses are used (contained in [10] and [11] for the year 
2009), in order to transform the measure of energy at 
consumption to generated energy each year. 

Energy used by pumped-storage (3,736 GWh in 2009) 
and consumption at generation facilities (7,122 GWh in 
2009), that it is paid at market price, is not considered as 
a component of final demand forecasted in this paper. 

3. Spain’s Electricity Demand: Sources of 
Data 

3.1. Main Statistics 

All statistics and sources of data used in the paper 
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come from: Spanish System Operator (www.ree.es, [14] 
and [33]); National Energy Commission (CNE’s bulle- 
tins -www.cne.es-); and UNESA (Spanish Association of 
Electricity Industries) [32]. 

Table 1 shows the evolution of peaks of electricity 
demand in the decade 2000-2009. These data will be 
employed as a first validation of the results of the model. 

Figure 1 shows the evolution of high voltage (HV, 
voltage greater o equal than 1 kV) demand and low vol- 
tage (LV) demand in Spain in the decade 2000-2009. In 
[34] was pointed out that there are robust evidences that 
both industrial and residential electricity demand have a 
symmetric distribution for G7 countries. Spain does not 
belong to G7, but the distribution of demand in Figure 1 
shows that the industrial demand (HV) is parallel to the 
residential plus commercial sector demand (LV). The 
only exception in the period shown is the year 2009, 
when industrial demand for electricity was strongly af- 
fected by the economic crisis. Data from Figure 1 will 
be used to project the model into the past and compare 
the results with those records in Table 1. 
 
Table 1. Annual evolution of maxima of electricity demand. 
Source: [14], [32] and [33]. 

 Peak (MW) 

Year Winter Summer 

2000 31,951 29,363 

2001 34,948 31,249 

2002 37,274 31,927 

2003 37,724 34,537 

2004 38,210 36,619 

2005 43,378 38,511 

2006 42,153 40,275 

2007 44,876 39,038 

2008 42,961 40,156 

2009 44,440 40,226 

 

 

Figure 1. Structure of electricity supply in Spain and its 
evolution taking into account voltage (HV and LV). Source: 
[32], CNE (www.cne.es) and own calculations. 

3.2. Electricity Demand Forecasting in Spain 

Most of the electricity demand forecasts in Spain are 
mandatory developed by the SO [35]. Short-term fore- 
casts are provided by the SO in real-time at its webs (in 
real-time at https://demanda.ree.es/demanda.html, one 
week ahead at http://www.esios.ree.es/web-publica/). 
Some of SO’s forecasts in the medium-term [36] are 
used as an update of those included at energy planning 
[4], which are the long-term projections. The available 
long-term predictions were made before the economic 
crisis, so that should be considered outdated. 

Subsequently, with the aim of meeting the obligations 
undertaken by the Spanish government with the Euro- 
pean Directive 2009/28/EC (objectives known as 20-20- 
20), it has been developed a new planning in the field of 
renewable energy [20] that includes predictions of en-
ergy demand for the period 2011-2020. In the pro- posed 
scenario, net electricity demand in mainland Spain will 
raise up from 252.0 GWh in the year 2009, to 330.6 
GWh by 2020 (estimated from [20]) for the reference 
scenario. The renewable energy planning considers all 
the scenarios with growing energy consumption, both 
primary and final (opposed to Germany in [25], for ex- 
ample). On the other hand, the electricity grid losses will 
be reduced to 8.7% of energy supplied (close to 8.5% 
lower than those in 2009). 

4. Boundary Conditions and Description of 
the Model 

Electricity demand forecasts in a BAU scenario and oth- 
er specific criteria and data listed in [4] and [20] (the 
energy planning documents) have been taken into ac- 
count in order to define the intermediate level. For in- 
stance: demographic evolution; evolution of energy con- 
sumption at the industrial sector; or the possible massive 
introduction of electric vehicles (it has been included in 
the forecast on the basis of the available projections of 
pilot projects and initiatives, evaluating their progress 
throughout the period under review, with the criteria and 
limits of [4]). 

The residential energy supply has been considered 
without TOUT, although all the existing electrome- 
chanical energy meters are supposed to be replaced by 
2018, gradually during the analyzed period, by equip- 
ments with hourly data of energy and remote controlled. 
This will allow offering DRM to residential consumers, 
but there is no date, and may change the patterns of 
residential consumption at peaks of demand, as it is 
said in [27]. 

There is no record of specific actions in a next future 
(with the exception of grid losses reduction), in the 
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field of energy efficiency, which may notably reduce 
the electricity consumption of devices and which may 
require specific simulation. For instance, most of the 
substitution of incandescent bulbs by energy saving 
bulbs has just been done in Spain and it is considered 
in the model. 

Various sectors of consumption have been different- 
tiated depending on data availability (with a criterion 
similar to [24]). The sectors selected are formed by 
groups of consumers in mainland Spain with similar 
level of voltage and TOUT. The structure of supply is 
shown in Figure 2 for the Spanish mainland market in 
2009 and the forecasted in the intermediate level by 
2020. 

For each year of the period analyzed, the load curves 
for those sectors are obtained with (1), collected at [37] 
and currently used to estimate the load profiles that 
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Figure 2. Structure of electricity supply in Spain 2009 (up) 
and forecasted in 2020 (down) taking into account voltage 
and periods of pricing (P) of TOUT. Source: CNE’s bulle- 
tins (www.cne.es) and own calculations. 

will be used for the liquidation of hourly energy meas- 
ures at the Spanish electricity market. Equation (1) is 
applied here to those consumers without TOUT (TOUT 
with 1 period) and TOUT with 2 or 3 periods of pricing 
(see Figure 2). 
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 ,
, , ,

c i
m d h p : Calculated hourly measure for sectorial 

consumption “c”, with profile “i”, in the hour “h”, of 
day “d”, month “m” corresponding to the energy of 
period “p” recorded by the measurement equipment. 

i

MCH

 , ,m d hP : Profile for sectorial consumption “i”, month 
“m”, day “d” and hour “h”, which represents the rela- 
tive weight of that hour in the year. It has been ob- 
tained for the year 2009 from www.ree.es. 

c , , , ,j t J T pMC : Incremental energy measured for cus- 
tomer “c”, between the day “t” of the month “j” and 
the day “T” month “J” for the period “p”. The neces- 
sary information has been obtained or estimated from 
CNE’s bulletins (www.cne.es). 

 Dm: number of days in month “m”. 
The hourly electricity demand of the HV segment, 

with voltage higher than 36 kV and TOU tariffs with 6 
periods of pricing, was determined as the average load 
in each period. Many large industrial consumers have 
load curves with very little hourly and seasonal varia- 
tion, so that its characterization in the model should be 
considered included in that segment. 

Finally, for the year 2009, the load curve of the de- 
mand in HV, with voltage less than 36 kV and TOU 
tariffs with 6 periods of pricing, was determined by 
subtracting, to the total demand, the calculated demand 
of the other sectors. Finally, it is projected with the 
results of the intermediate level. This consumption seg- 
ment represents large industrial customers with hourly 
and seasonal variation of load. Additionally, this con- 
sumption segment absorbs defects of allocation of 
consumption of the other sectors. 

Figure 3 shows those curves for the week when the 
winter peak is registered in 2009. Their aggregation, 
hour by hour, is the Spanish electricity system’s load 
curve for that week. 

5. Results and Validation 

The validation of the model has been done comparing 
projections of peaks of demand in the period 2000-20103 
with the data of Table 1. In this way, the fitting of the 
model to the reality of the Spanish electricity system can 
3Some preliminary data of the year 2010 were available. 
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Figure 3. Load curves of each group of consumption (Fig- 
ure 2). Winter peak week in 2009 (ene = January). Source: 
Own calculations. 
 
be analyzed. The results are shown in Figure 4; they 
show a similar trend with the records of peaks of demand 
(Table 1), both in winter (annual) and in summer. 

The biggest discrepancies in the estimated annual 
maxima are observed in the periods 2002 and 2005, 
with a deviation of –4.2% and –2.9% respectively, and 
with a tendency to reduce the deficit with the proximity 
to the base period (Figure 5). 

The trend in the difference between the estimated 
peak and annual peak of demand may be justified by 
the introduction of efficiency measures reducing the 
energy needs in the winter maximum. Another reason 
for this trend may lie in the gradual disappearance of the 
regulated tariffs for industrial consumers (tariffs that 
ensured a maximum price of energy and were fixed by 
the government), a process that ended in 2008. This ef- 
fect was parallel to the contracting of supply of these 
consumers with free agents, paying a higher price for 
energy at peak than the price they paid for the former 
regulated tariffs, forcing them to optimize their processes 
and displacing consumption to valley hours, if it was 
possible. 

The largest discrepancy in the estimation of summer 
peak corresponds to the years 2006 and 2010, –0.7% and  

 

Figure 4. Annual evolution of maxima of electricity demand 
in winter and in summer compared with the estimations of 
the model for the same period. Source: [4], [14], [33] y [36] 
and own calculations. 
 

 

Figure 5. Deviation of the outputs of the model versus the 
winter and summer peaks of demand observed in the pe- 
riod 2000-2010. Source: Own calculations. 
 
–1.0%, respectively (Figure 5). The trend of the summer 
deficit is reversed to that observed with the annual peak 
of demand. The reasoning may come from the growing 
use of cooling equipment in the summer, which does not 
seem to have yet reached the saturation point (for in- 
stance, this tendency has been pointed out in [26] for The 
Nederlands). 

Although, in general, the outputs are satisfactory, the 
goodness of the results will depend on climatic patterns 
in the base year (2009). 

Other factors to take into account for future demand 
forecasts are, for instance, effective efficiency measures, 
extension of RTP or massive introduction of TOU tariffs 
in the residential sector. Future improvements on these 
matters may be included in the model. 

The introduction of some corrections in the model 
must be considered in order to estimate correctly the 
summer peak of demand. The most desirable would be 
the introduction of patterns of consumption by end use 
because of the rising electricity demand for cooling. That 
action would correct the natural tendency of the model in 
this case, the underestimation, but requires further study. 
This trend in the summer peak could be reversed or sta- 
bilized by the introduction of appropriate measures 
and/or patterns of energy efficiency. 

Figure 6 shows the results of peaks of electricity de- 
mand and those included in [4] and [36], all of them re- 
lated to the scenario of annual electricity demand used in  
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Figure 6. Outputs of the model compared with in [4] and 
[36] forecasts related to the annual demand of electricity. 
 
the forecasting. The tendencies observed in Figure 5 for 
the annual (winter) peak and the summer peak, are in- 
cluded in Figure 6, correcting the results of the model: 
along the period analyzed, a progressive decline of 4% 
for the winter peak and a progressive increase of 3% at 
the peak of summer have been considered. By 2020, 58.1 
GW and 53.0 GW are expected, respectively, as winter 
and summer peaks in a BAU scenario. If the observed 
tendencies continue, former values can go down to 55.5 
GW in winter and go up to 54.7 GW in summer. 

Another application of the methodology is the fore- 
casting of minimum demand of mainland Spain’s elec- 
tricity system. That would allow planning in advance the 
need for base power required for continuous operation 
most of the 8760 hours of a year. Results have been 
compared with historical records of minimum electricity 
demand throughout the period 2003-2010 (less data are 
available for the valley of demand). For the decade 
2011-2020 forecasts of minima of demand have not been 
found. 

The minima of electricity demand are also related to 
working patterns and temperature patterns, and also have 
a strong dependence on the economic cycle (the mini- 
mum of electricity demand in 2009, 17.9 GW, represents 
a decline of 6.1% over that in 2008, something con- 
firmed by the model’s outputs; this decline is due, almost 
totally, to the reduction in industrial demand). By the 
year 2020, the annual valley of demand will rise 5.5 GW 
(compared to minimum of demand of the base year), up 
to 23.4 GW. The relocation of consumption from the 
efficiency trend at winter peak may involve an increase 

of the valley; this aspect requires further study and the 
redistribution of the shape of the load curve (the term 
“ ” in (1). , ,

The comparison of annual minima of electricity de- 
mand with historical data for the period 2003-2010 
shows interesting results (Figure 7). The outputs fit 
finely with those years close to the base year. For the rest 
of the period (from 2003 to 2007), a downward trend of 
overestimation is observed, which can be ascribed to an 
improvement in consumption patterns of industries (per- 
haps they have moved a part of their consumption to 
off-peak hours, more economical because they are sup- 
plied under TOU tariffs). 

i
m d hP

Another reason for that trend may also lie in the grad-
ual disappearance of the regulated tariffs for industrial 
consumers as it has previously been said for the trend of 
the winter peak. In any case, both explanations would be 
directly associated with the tendency which has previ- 
ously been called as “efficiency” when the peaks of de- 
mand were described. 

A study referred in [38], looking at 87 large Spanish 
customers supplied with TOU tariffs, revealed that re- 
ducing production to make savings on their electricity 
bill was not profitable for industrial customers. The 
trends observed in the winter peak and in the annual 
minimum of demand may contradict that study, and con- 
firm for the Spanish electricity system the ideas ex- 
pressed in [39]: customers will respond to higher prices 
of electricity by purchasing more efficient appliances and 
taking other efficiency measures. 

6. Aplication to the Spanish Energy Sector in 
the Decade 2011-2020 

Along the period 2011-2020, the Spanish energy sector 
will face an ambitious renewable energy deployment 
[20]. As objectives for 2020, 38.0 GW of wind power, 
 

 

Figure 7. Minima of electricity demand in the decade 
2000-2010; results for the period 2000-2020; and deviation 
for the period 2003-2010. Source: REE (www.ree.es/opera- 
cion/simel.asp) and own calculations. 
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more than 8.3 GW of photovoltaic and 5.0 GW of con- 
centrated solar-thermal may be installed. In addition, 
close to 3.5 GW of new power in combined heat and 
power (CHP) are expected by 2020. 

Renewable energies offer a limited contribution to se- 
curity of supply from the point of view that it is impossi- 
ble to guarantee they will work at a certain power a cer- 
tain date. Therefore, the forecasting in electricity systems 
with a high penetration of renewable energy must in- 
clude both, electricity demand and renewable generation 
in order to meet properly demand and generation 

It must be noted that renewable energy plants (with the 
very minor exception of solar thermal units with thermal 
energy storage) are unable to contribute to stabilization 
and regulation of the electric systems, because they can 
not be fully governed. The back-up power for renewables 
is going to be a critical point for the security of supply 
and the quality of supply. From the point of view of 
finding a suitable type of plant for backing-up the de- 
ployment of main renewable energies (wind and solar), 
GFCC seem to be the best choice, for a number of rea- 
sons: 1) technical flexibility to increase power at a fast 
speed if they are already working over the technical 
minimum; 2) short construction times; 3) actually the 
lowest specific investment cost. On the contrary, there 
are some negative effects that must be cited: 1) short 
number of working hours, which is a drawback for re- 
covering the investment; 2) dependence on the gas price, 
which is the main component of the variable cost; and 3) 
the high number of start-ups (up to 100 or more in a year) 
that means a lower efficiency for GFCC, greater need of 
maintenance and reduction of the life time of many 
components. 

By 2020, in a BAU scenario of generation of renew- 
ables and CHP at peak of demand, may be needed 8-9 
GW of additional power (related to the base year). 

The growing expectations for the minimum of elec- 
tricity demand (5.5 GW) may require installation of new 
base load power plants. In a BAU scenario at valley of 
demand, the new power of CHP and manageable renew- 
ables (for instance, biomass) would only cover a third of 
that increase. GFCC are also suitable for base load op- 
eration because of the good efficiency rate, but as a 
negative aspect, they have high and volatile operating 
costs related with natural gas price. Coal and nuclear 
power plants may also be economically competitive at 
base load working. They are less able to regulate load 
and they have longer periods of construction, but as an 
advantage, they usually have lower operating costs. No- 
wadays in Spain, coal plants work as backup power for 
renewables with a low load factor (34% in 2009) and lots 
of starts-ups and stops per year. Nuclear power plants 
operate continuously (except for refuelling and mainte- 

nance) as the base of the system, and operate without 
power reduction even if the demand is too low for the 
total power available of renewables plus nuclear. 

Existing coal power plants in Spain may assume a part 
of the minimum demand growth, as base load facilities, 
without investing in new infrastructure (at least in the 
medium-term), if GFCC are used as backup power of 
renewables because of their better technical fit for that 
role. 

Taking into account the low load factor of coal plants 
and combined cycles (in 2009), the expected growth of 
the minimum of electricity demand until the year 2020 
and the planned deployment of renewables, it does not 
seem necessary investing on base load power plants, 
such as nuclear power plants. However, if in the decade 
2021-2030 the forecasts of growth for the minimum of 
electricity demand continue, the installation of this type 
of unit, with high power per group (up to 1.5 GW each 
nuclear plant) might be considered in order to reduce 
operating costs of base load generation in the Spanish 
electricity system. 

Environmental and social aspects may also be consid- 
ered in the choice of generation technologies, for base 
load generation, to meet peaks of demand or as a backup 
power for renewable energy. 

7. Summary and Future Work 

This paper presents a methodology for estimating peaks 
of electricity demand. It has been validated by comparing 
its outputs with historical records of demand (peak and 
valley) in the period 2000-2010 and with available fore- 
casts since 2011. The results of both comparisons have 
been satisfactory. The maximum discrepancy in the 
forecast, compared to historical records, is 4.2% (under- 
estimation) in the winter peak of the year 2005. This dif- 
ference may be attributable to more extreme temperature 
patterns in that year than those observed in the base pe- 
riod. It has also been observed a possible tendency to the 
reduction of the winter maximum of demand driven by 
the introduction of efficiency patterns. The observed 
tendency to overestimate the valley of demand in the 
period 2003-2010, which is reduced for those years close 
to the base year, may confirm the relocation of demand 
from peak hour to off-peak hours. These trends may lie 
on two reasons: the first one, an efficient use of the TOU 
tariffs by high voltage consumers; the second one, the 
end of the liberalization process of electricity in Spain 
for high voltage consumers, which concludes in 2008. 

With regard to the summer peak of demand, the maxi- 
mum discrepancy predicted by the model stands at 1.7% 
in the period 2010. The explanation for this discrepancy 
in the forecast may also lie in the temperature patterns. In 
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any case, there has also been observed a trend toward 
increase in the summer peak of demand compared to the 
values estimated, which seems related to a growing de- 
mand for cooling. 

By 2020, 58.1 GW and 53.0 GW are expected, re- 
specttively, as winter and summer peaks in a busi- 
ness-as-usual scenario. If the observed tendencies con- 
tinue, former values can go down to 55.5 GW in winter 
and go up to 54.7 GW in summer. If both trends are con- 
firmed and the trend in the summer peak is not corrected, 
by the year 2022, the summer peak may be close to the 
winter one and both seasons will become critical periods 
for electricity demand. The valley of annual demand may 
increase 5.5 GW (related to the base year) up to 23.4 GW 
in a BAU scenario. 

The trends highlighted in this paper, deserve a further 
study to be addressed in future works. 

Detailed predictions of this analysis can be very useful 
to identify the types of power plants needed to have an 
optimum structure in the electricity industry. As a prac- 
tical application of this study on mainland Spain’s elec- 
tricity system, it can be said that in the decade 2011-2020 
no new power plants would be needed for base load op- 
eration because the existing coal power plants may as- 
sume that role, although this policy would not comply 
with the objective of reducing CO2 emissions, but it 
would be the cheapest one. It goes without saying that 
life extension of nuclear power plants has already been 
assumed as part of the principles of the electricity Indus- 
try in some countries; others, as Germany, are discussing 
the shutdown of nuclear power by 2022, as a cones- 
quence of the nuclear incident at Fukusima, after the 
tsunami on the 5th of March of 2011. However, due to 
the limited contribution of renewables to security of sup- 
ply, 8 - 9 GW of additional power will be needed in 
Spain to meet peak demand with a safety margin similar 
to that registered in the base year. Environmental and 
social aspects may also be considered in the choice of 
generation technologies, for base load generation, to 
meet peaks of demand or as a backup power for renew-
able energy. 
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