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Abstract 

The EU has recently presented a strategic long-term vision for a climate-neutral 

economy by 2050, considering that climate change is a serious concern for Europeans. 

A great socio-economic transformation is necessary, affecting all economic sectors. On 

the one hand, the EU considers that is necessary to achieve net zero greenhouse gas 

emissions by 2050, on the other hand, sectors need to adapt to a warming climate. 

Focusing on the tourism sector, and using panel data referring to 12 Spanish 
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Mediterranean provinces and the 1999-2014 time period, this study tests the tourist 

stays and temperature effects on the hospitality sector electricity consumption, by 

estimating extended Energy Environmental Kuznets curves (E-EKC) for the sector. The 

results show that the E-EKC hypothesis is not supported. Instead, electricity 

consumption progressively increases as tourism grows. In addition, the results indicate 

that temperature variables have notable influence over the electricity use, with a positive 

influence of global warming on electricity consumption. Finally, results also show 

positive relationships between overnight stays in hotels with higher star ratings and 

electricity use, while no significant price effects are observed. Electricity saving 

measures and renewable electricity generation promotion are recommended, especially 

in the highest energy consuming establishments. 

Keywords: Tourism, hospitality sector electricity use, temperatures, Spanish 

Mediterranean provinces  

JEL code: 013, 044, C23, Q01, Z23 
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 Tourist stays and temperature effects on the hospitality electricity consumption 

are tested. 

 The study refers to 12 Spanish Mediterranean provinces in 1999-2014  

 An extended Energy Environmental Kuznets curves (E-EKC) is tested 

 Electricity consumption progressively increases as tourism grows.  

 Temperature variables have notable influence over the electricity use   
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1. Introduction  

In 2015, 195 parties assumed the Paris Agreement (United Nations, 2015) to reinforce 

the response to the threat of climate change (CC) by assuming targets for the post-2020 

period. Likewise, in December 2018, in order to implement the Paris Agreement, parties 

reached agreement in Poland on a Rulebook.  In addition to defining and publishing 

their Intended Nationally Determined Contributions (INDCs), parties have to determine 

the domestic policies to achieve those INDCs targets, focusing on accelerating the effort 

toward more ambitious greenhouse gas emissions (GGE) reduction targets in the 

coming years. These greater efforts are considered necessary as, according to the 

Intergovernmental Panel on Climate Change (IPCC) Special Report (IPCC, 2018), 

global warming has already exceeded pre-industrial levels by 1° C and continues to rise 

by around 0.2° C per decade. Therefore, if the international climate actions are not 

stepped-up, at some time after 2060, the global increase in temperature could reach 2°C. 

The European Union (EU) is aware of the conclusions of the IPCC Special Report. 

Therefore, in addition to the adoption of the target of at least a 40% reduction in GGE 

by 2030 to meet the Paris Agreement commitments (European Commission, 2015), the 

EU has recently presented a strategic long-term vision for a climate-neutral economy by 

2050 (European Commission, 2018). In this document, it is stated that CC is a severe 

concern for Europeans, and that in order to fight against CC, a greater economic and 

social transformation is necessary in Europe, affecting all economic sectors. This 

transformation must not only allow net zero GGE to be achieved by 2050, but also 

sectoral transformation to adapt to a warming climate. 
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In order to reduce emissions, the EU is already carrying out numerous sectoral energy 

measures as around 80% of GGE in the EU are generated by energy production and 

consumption (European Environment Agency, 2015). Many of these measures are 

related to energy efficiency, the use of renewable energies and the trend to electrify 

production systems (European Union, 2018). However, some forces may go against the 

control of energetic use, such as the economic growth of the sector or the increase in 

energy needs, due to the global warming process. It is therefore interesting to know how 

countries can reach the energy use reduction targets (at least fossil fuel energy use 

reduction) in each economic sector, and in an economic growth and global warming 

context. Therefore, sectoral studies testing the relationships between energy use, 

economic growth and temperatures may be of interest.  

This paper is focused on the relationships between energy use, tourism growth and 

temperature effects. Focusing on the tourism sector is relevant, as this sector has a 

notable effect on growth, also causing notable energy use and a notorious impact on 

sustainability development. As stated in the UNWTO (2017) report, the tourism sector 

has a greater impact on society, the environment and the economy, as it represents 10% 

of world GDP, 7% of total exports, and moves 1.2 billion tourists each year. Therefore, 

this sector is essential to achieving the objectives of the 2030 Agenda. In addition, 

testing the relationship between energy consumption and tourism growth may also be 

interesting to carry out because, as stated in Daniarta and Farasi (2015), tourist 

destinations consume disproportionately more energy than other geographical areas of 

similar size, which may be due to the fact that tourism services tend to use energy-

intensive technologies (Krstinić al., 2016). Therefore, studying the relationships 

between energy consumption and tourism is especially relevant. 
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This study tests the tourist and temperature effects on the hospitality electricity 

consumption, by using panel data referring to 12 Spanish Mediterranean provinces and 

the 1999-2014 time period. The relationships between these variables are analyzed by 

testing an extended energy-EKC, where the effects of some tourism characteristics are 

also considered. Among them, the effect of the hospitality sector electricity price, the 

percentage of foreign tourist overnights to total, and of overnights in 4 and 5 star hotels 

to total. 

Studying this relationship in the Spanish economy is pertinent as Spain recorded the 

highest tourism GVA in the EU (EUR 232,353 million in 2011), representing 58% of 

the tourism GVA of the 16 EU countries for which data was available (Eurostat, 2017). 

Likewise, focusing on the Mediterranean provinces is of special interest as these 12 

provinces are among the 15 with more tourist attractions, presenting similar 

characteristics.  

The paper is structured in five sections. After the Introduction, in Section 2, the 

literature review is presented. In Section 3 data are presented, while in Section 4 the 

methodology used is explained. The results and the discussion are presented in Section 

5, and finally Section 6 concludes.  

2. Literature Review 

The literature related to the energy consumption and economic characteristics in the 

tourism sector is scarce, being even scarcer when also related to global warming 

concerns. On the one hand, there are a small number of studies that analyze the tourism 

sector energy use linked to the process of economic growth. Among them may be 

highlighted the studies by Katircioglu (2014) and Katircioglu et al., (2014), analyzing 

the relationships between tourism, energy use and emissions in Turkey and Cyprus, 

respectively. Likewise, the study by Zaman et al., (2016), may also be cited, which 
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investigates the relationship between economic growth, emissions, tourism development 

and other variables, testing the validity of the EKC in a variety of regions of the world, 

in the period from 2005 to 2013. In the same line, the study by Qureshi et al., (2017), 

evaluates dynamic linkages between sustainable tourism and energy in a panel of 37 

tourism countries. On the other hand, the literature referring to the role of tourism 

related to CC and global warming is also scarce. In this regard, the studies by Scott et 

al., (2016a, 2016b), analyze the situation of tourism in the face of the CC and global 

warming process, showing both the vulnerabilities of the sector to the process and its 

necessary adaptation to it. Some studies have started studying the temperature effects on 

tourism, as for example in Grillakis et al., (2016), and Damm et al., (2017), which 

analyze the impacts of increasing +2° C on summer and winter tourism demand in 

Europe, respectively. 

Following this latter, some other recent papers (Pablo-Romero et al., 2017a; 2017b) 

have included the role of temperature in the analysis of the tourism effect on energy 

consumption. Focusing on the hospitality sector, the author analyzes how tourism 

induces energy use by controlling the temperature variable. Although the results 

indicate that its impact is not significant, the authors consider it may be due to the 

climate variable included in the model.   

This current work goes beyond the previous papers and tests the interaction between 

tourism growth and electricity consumption in the hospitality sector, including the effect 

of temperature variables related to heating and cooling needs in the study, by 

introducing Cooling degree days (CCD) and Heating degree days (HDD) which, as far 

as we know, have not been previously studied in tourism energy use. Nevertheless, 

there is a tendency to use these variables in energy use studies, since they allow the 

non-linear effect of temperatures on energy use to be taken into account, 
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distinguishing the effect of low and high temperatures on energy consumption (Fan 

and Hyndman, 2011; Blázquez et al., 2013; Mohammadi and Ram, 2017 and Serrano 

et al., 2017, for example). Likewise, this study goes beyond those mentioned, as it 

also includes non-linearity in the CDD and the HDD variables.  The inclusion of non-

linearity in these variables is necessary as the effect of temperature on electricity 

consumption has been observed to be non-linear. Thus, for example, Chang et al., 

(2016), have observed that an increase in temperature increases energy demand, but the 

increased amount depended on the initial temperature level, indicating, therefore, that it 

is not adequate to consider the CDD effects as linear.   

The relationships between energy use (electricity consumption), hospitality economic 

growth and CDD-HDD are analyzed by testing an extended energy-EKC. The energy-

EKC is a concept used by several researchers to analyze the non-linear relationships 

between income growth and energy consumption (Dong and Hao, 2018). Recently, 

some studies have tested the energy-EKC on several sectors, as notable sectoral 

heterogeneity in the energy consumption elasticity had been previously highlighted 

(Burke and Csereklyei, 2016). Among these studies, it is relevant to point out those by 

Liu et al., (2016), Pablo-Romero and Sánchez-Braza (2017) and Yin et al., (2015), 

related to the residential sector, those by Lin and Du (2015), and Pablo-Romero et al. 

(2017c) for the transport sector and those related to the tourism sector by Pablo-Romero 

et al (2017a; 2017b). 

This paper tests the energy-EKC in the Spanish Mediterranean provinces for the 

hospitality sector, being therefore in line with previous energy-EKC and those related to 

the hospitality sector. Nevertheless, this current work goes beyond previous papers, as it 

includes in the study not only the CDD and HDD variables to take into account the 

different effect of cooling and heating needs in the electricity use, but also analyzes the 
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non-linearity of each one of these climate variables in the hospitality sector 

electricity consumption.  

This study also includes other variables in the model to test for other effects. Among 

them, the income variable, the percentage value of overnights in hotels with 4 and 5 

stars to total, the percentage value of inbound tourist to total and the electricity 

variable.  

3. Data 

The panel data used in this study refers to the 12 Spanish Mediterranean provinces 

and the 1999-2014 time period. The main databases and characteristics of the 

variables used are described below. 

3.1. Hospitality sector electricity consumption and the tourist overnight stay data 

The electricity consumption data of the hospitality sector comes from the annual 

electricity consumption database by provinces offered by the Ministry for Ecological 

Transition (2019). The electrical consumption data for the hospitality sector includes 

the consumption of the accommodation and food services sectors (sectors 55 and 56 

of the NACE statistical classification). In this study, the values of electricity 

consumption are expressed in MWh per thousand inhabitants, converted to logs. The 

provincial population data are obtained from the INE database (2019). 

In this study, provincial total overnight stays were used as an indicator of provincial 

tourism. The data was obtained from the series of occupations offered by Turespaña 

(2019). Previous studies have used various indicators to measure tourism. Camuñez 

et al., (2018) indicate that some previous studies, such as Belloumi (2010) and 

Dritsakis (2004), have used international tourist income to measure tourism. Others, 

such as Massidda and Mattana (2013), have used the number of foreign tourists, 
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while some others, such as Gómez-Calero et al., (2014), and Pablo-Romero et al., 

(2017a), the number of overnight stays. Often, the first indicator is considered to be 

more appropriate for measuring tourism activity, although in provincial or regional 

studies, its use depends on the data availability. In the case of the Spanish provinces, 

Turespaña (2019) offers information on the number of hotel overnight stays and 

number of travelers staying at hotels. In this study, overnight stays have been used, 

as according to Gómez-Calero et al., (2014), this indicator is a good proxy for the 

income obtained from tourism. The data used in this study are overnight stays per 

thousand inhabitants, which are subsequently transformed into logarithmic terms. 

3.2. Temperature variables data 

The use of temperatures as control variables in studies that estimate demand 

functions for energy consumption (and especially electricity), or that analyze their 

determinants, is common in previous literature. Some studies use average 

temperature, as for example Lee and Chiu (2011), while others use temperature 

range, as in Gam and Ben Rejeb (2012). Nevertheless, recent studies have a 

tendency to use the HDD and CDD temperature variables, as for example in Fan and 

Hyndman (2011), Blázquez et al., (2013), Mohammadi and Ram (2017) and Serrano 

et al., (2017).  

Following these last studies, in this paper, the HDD and CDD variables have been 

used. CDD indicates the number of days in a year that the average temperature (Ti) 

surpasses a value (Tb). It is considered that surpassing this value indicates that 

cooling is necessary. The CDD value for a day is calculated as CDDi=(1-γ) (Ti-Tb). 

If the average temperature is higher than Tb, γ=0, and the CDD value is equal to (Ti-

Tb). If the average temperature is below Tb, then γ=1 and CDD=0. The sum of the 

CDDi for a year gives the annual CDD value. Additionally, HDD indicates the 
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number of days (and time) that it is necessary to use heat. The HDD value for a day 

is calculated as HDDi=(1-γ) (Tb-Ti). If the average temperature is lower than Tb, 

then γ=0, and the HDD value is equal to (Tb-Ti). In any other case, γ=1 and 

HDDi=0.  

The Tb temperature chosen has been 18º C, and alternatively 15º C for heating and 

22º C for cooling, as in Blazquez et al., (2013), for the residential sector in Spain. In 

addition, it is worth noting that many previous studies have used similar 

temperatures. In this sense, a review of the temperature variables and the base 

temperatures, used for analyzing the relationships between residential energy use 

and income, can be found in Fazzeli et al., (2016). All temperature data are 

calculated from the AEMET database (2019).  

In addition, in order to evaluate the non-linearity of the climate variables, the 

squared values for the CDD and HDD have been considered. Boyd (2014) included 

these variables, considering that the heating or cooling needs are not to be lineal. 

Additionally, in this paper the CDD variable for temperature values between 18º C 

and 22º C (CDD18-22), and an HDD variable for temperature values between 15º C 

and 18º C (HDD15-18), is also considered when Tb is 22º C for CDD and 15º C for 

HDD. In this case, this range of temperatures have been previously considered as 

limits, so studies of what happens in these ranges are of special interest.  

Figure 1 shows the Spanish Mediterranean provinces under study. The red color 

represents tourist overnight stays per inhabitant, being higher as the color becomes 

darker. The diameter of the pie chart included in each province represents the per 

capita electricity consumption in the hospitality sector, while each sector represents 

the proportion of hot and cool days of the year. Figure 1 shows a clear relationship 

between tourists and electricity consumption, in per capita terms. In addition, it may 
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also be observed that when there are similar tourist per inhabitant rates, consumption 

increases with extreme hot and cold days (i.e., when the higher sectors are CDD22 

and HDD15). 

[Insert Figure 1] 

3.3. Control variables data 

Others variables have also been considered in this study to properly specify the 

estimated model.  

Firstly, data on per capita provincial income are included to measure the possible 

effect of income on the electricity consumption in the hospitality sector. As an 

indicator of the level of provincial income, the per capita GDP level offered by the 

Spanish Regional Accounts (INE, 2019) has been used. In this study, data are 

measured in constant millions of Euros per thousand inhabitants, which are 

converted into logs. 

Secondly, the effects of electricity prices on the electricity consumption have also 

been taken into account. Including price variables on E-EKC is not usual, but some 

papers have previously introduced it to approximate an energy demand function. In this 

line, it is worth noting the study by Pablo-Romero et al., (2017c), where an E-EKC is 

estimated for the transport sector. In order to calculate the electricity price related to 

the hospitality sector, the Blazquez et al., (2013), methodology has been used to 

calculate the price variable, as the electricity price is structured by sections 

according to the installed power, these sections being different through time. 

Therefore, the indicator used is a weighted average of the companies' revenues from 

electricity consumed, divided by the electricity consumption, and measured as 

constant thousands of Euros to kWh which have also been converted into logs.  
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Finally, two other control variables were used in the study. The first one is the 

percentage value of overnights in hotels with 4 and 5 stars to total. In this sense, 

previous studies, as for example those by Tsai et al., (2014), Wang (2012) and 

Warnken et al., (2005), have highlighted that hotels which offer higher quality 

service use more energy. Therefore, it may be expected that higher starred hotels, 

which offer higher quality service cause energy consumption growth.  

The second is the percentage value of inbound tourists to total. In this regard, 

several previous studies have highlighted that different tourists have different energy 

use patterns, related mainly to their travel and accommodation choice (Becken et al., 

2003). In this case, it could be expected that inbound and national tourists could 

have different tourism choices, and therefore, it could also affect their energy 

consumption. Both variables are measured in percentage terms and calculated from 

the INE base data (INE, 2019) 

 4.  Methodology 

The general function for testing tourism and temperature effects on the hospitality sector 

electricity consumption can be as follows:  

Eit = Ait +β1Yit + β2Tit+ β3T
2
it+ β4CDDit+ β5HDDit+ β6ExtTit+ β7STit+ β8Pit +eit     [1] 

where E is the hospitality sector electricity consumption per inhabitants in logs, Y is the 

GDP per inhabitants in logs, T is the overnight stays per inhabitants in logs, CDD is the 

Cooling degree days in logs, HDD is the Heating degree days in logs, ExtT is the 

percentage value of inbound tourist to total, ST is the percentage value of overnights in 

hotels with 4 and 5 stars to total, P indicates electricity prices in logs, A indicates the 

sum of the time and province effects, i represents the Spanish Mediterranean provinces 

and t the years from 1999 to 2014. Finally, e is the random error term.  
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In addition to this specification, in order to evaluate the possible global warming effects 

reinforcing other variables, cross-products between ExtT and ST variables and CDD18 

have also been tested in the model. These cross-product variables would measure the 

effects of the temperature on the effects of higher star hotels and foreign tourism on the 

hospitality sector electricity use.  In this case, the specification is as follows: 

Eit = Ait +β1Yit + β2Tit+ β3T
2
it+ β4CDDit+ β5HDDit+ β6ExtTit+ β7STit+ + β8Pit 

β0CDD*STit+ β10CDD*ExtTit+eit                                                                                    [2] 

Likewise, in order to evaluate the non-linearity effect of global warming, squared values 

of CDD and HDD are considered. In addition, the estimation procedure was also 

completed by considering the squared values of CDD22 and HDD15 and CDD18-22 

and HDD15-18. Therefore, the third equation proposed is as follows: 

Eit = Ait +β1Yit + β2Tit+ β3T
2
it+ β4CDDit+ β5HDDit+ β6ExtTit+ β7STit+ + β8Pit 

β9CDD
2
it+ β10HDD

2
it + β11 (CDD18-22) it + β12 (HDD15-18)it + eit                          [3] 

In order to properly estimate equations [1] to [3], multicollinearity and the stochastic 

nature of the variables were examined. The variance inflation factors (VIF) were 

performed for each variable in order to test for multicollinearity. As expected, it is 

present, with some variables exceeding the value of 5. Therefore, all data were 

transformed into deviations from the geometric mean of the sample to rule out this 

problem, as previously performed in Pablo-Romero et al., (2017a).  

Additionally, the Pesaran CD test (2004) for cross-sectional dependence, the Pesaran 

(2007) panel unit root tests (CIPS tests) and the Westerlund co-integration test 

(2007) were performed to study the stochastic nature of the series. As variables are 

I(1) (according to the CIPS test results), and the null hypothesis of no cointegration 

cannot be rejected for all the considered statistics (according to the Westerlund 
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cointegration test results), the model was estimated in first-differences. In addition, 

estimating by using first differences allows the elimination of constant or fixed effects 

that may condition the electricity use in the Mediterranean provinces and which are not 

controlled by the model. 

Using Δ to indicate first differences of the transformed variables, equations [1] to [3] 

may be rewritten as follows, 

ΔEit = ΔAit +β1ΔYit + β2ΔTit+ β3ΔT
2
it+ β4ΔCDDit+ β5ΔHDDit+ β6ΔExtTit+ β7ΔSTit+ 

β8ΔPit +eit                                                                                                                      [4] 

ΔEit = ΔAit +β1ΔYit + β2ΔTit+ β3ΔT
2
it+ β4ΔCDDit+ β5ΔHDDit+ β6ΔExtTit+ β7ΔSTit+ 

β8ΔPit +β9ΔCDD*STit+ β10ΔCDD*ExtTit+eit                                                                [5] 

ΔEit = ΔAit +β1ΔYit + β2ΔTit+ β3ΔT
2
it+ β4ΔCDDit+ β5ΔHDDit+ β6ΔExtTit+ β7ΔSTit+ 

β8ΔPit +β0ΔCDD
2
it+ β10ΔHDD

2
it + β11Δ(CDD18-22) it + β12Δ(HDD15-18) it + eit    [6] 

where itA = δt.  

Finally, in order to properly estimate previous equations, the estimated model has 

been chosen taking into account the Wooldridge test for autocorrelation (2002)  and 

the Wald test for homoscedasticity (Greene, 2002) results. Accordingly, the feasible 

generalized least squares model (FGLS) was used to estimate equations [4] to [6].  

5. Results and Discussion  

 

Table 1 shows the estimate results of [4] when using, alternatively, CDD18, HDD18 

and CDD22, HDD15 temperature variables.  Additionally, the last two columns include 

the estimate results when eliminating the price variable, due to its lack of significance.  

[Insert Table 1] 
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The results indicate that the electricity E-EKC hypothesis for the hospitality sector is 

refused for the considered Spanish Mediterranean provinces, in the 1999-2014 period, 

as the T and T
2
 coefficients are positive and significant in all the performed estimates. 

Instead, the estimated coefficient signs show that there is an increasing relationship 

between both variables. Therefore, as tourist overnight stays in the Spanish 

Mediterranean provinces increase, so does the electricity consumption in the hospitality 

sector, with the increases rising as tourism grows. These results are in line with those 

observed in Pablo-Romero et al., (2017a), for the Spanish provinces. 

Regarding the temperature variables, estimated coefficients for the CDD and the HDD 

variables are positive in all estimates. The results indicate that the estimated values for 

the CDD variables are all positive, indicating that an increase in temperature produces 

more need for cooling energy. These results are in line with previous studies referring to 

Greece and Portugal. In the first case, Asimakopoulos et al., (2012), estimate that an 

increase of 248% in cooling demand is expected due to CC, while in the second case, 

Pinto et al., (2016), estimate a potential primary energy for cooling increase of 25%. 

In addition, the results also indicate that the estimated values for the HDD variables are 

positive, indicating that a decrease in temperature produces more energy need for 

heating, and therefore more electricity use in the sector. Nevertheless, it is worth noting, 

that when HDD is calculated by using the base temperature of 15º C, the variable 

becomes non-significant, which could be related to the fact that if the temperature is too 

low, tourists would not come to these destinations, and therefore less energy use is 

needed, some hotels or restaurants close, or alternatively, a fuel substitution between 

electricity and fuels occurs. In this sense, it could interesting, in future research, to 

analyze how changes in temperature may have effects on tourism arrivals, and indirectly 

on electricity use.     
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The estimated results also show positive and significant values in all estimates for the 

ST and Ext coefficients, both of these variables therefore having positive effects on 

electricity consumption. It could therefore be appropriate to reinforce the mentioned 

policies in higher star hotels and in those spaces usually used by inbound tourists. In 

this line, several studies indicate the possibility of saving energy use in these hotels. 

Thus, for example, the study by Alamri (2013) indicates how it was possible to save up 

to 15% of the total energy consumption in five star hotels, every year, by introducing 

Wireless Energy Technology. Likewise, the study by Hotel Energy Solutions (2011) 

indicates that there is a potential for 25–30% energy savings in the highest annual 

energy consumption hotels in southern Europe.   

Finally, regarding the price variable, it should be highlighted that in the performed 

estimates no significance is observed. Additionally, it is worth noting that, excluding the 

price variable from the estimates does not notably change the estimated valued for the 

rest of the variables, as for example occurs in Pablo-Romero et al., (2017c), when 

estimating an E-EKC referring to the transport sector. The lack of significance of the 

price variable may be in line with the results obtained by Labandeira et al., (2012), who 

find that companies and large consumers of electricity are hardly affected by the 

variations observed in prices. These results may indicate that energy policies focusing 

on price may not have effects on electricity consumption, at least in the current ranges.  

Table 2 shows the estimate results of [5] when using, alternatively, CDD18, HDD18 

and CDD22, HDD15 temperature variables.  Additionally, Table 2 also shows the 

estimate values when eliminating the price variable, because, as before, it is not 

significant in any case. 

[Insert Table 2] 
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Once again, the results indicate that the E-EKC hypothesis for the hospitality sector 

does not hold, with an increasing relationship between the studied variables. Likewise, 

as before, estimated coefficients for the CDD and the HDD variables are positive in all 

estimates, with the HDD variable becoming non-significant when using the base 

temperature of 15º C. The estimated results also show positive and significant values in 

all estimates for the ST and Ext coefficients. Finally, it is also worth noting the positive 

and significant values for the cross-product between ST and the CDD variable. The 

results may indicate that these hotels may be offering more services, inducing more 

electricity use, and, as temperature becomes higher, the electricity use in these hotels 

becomes higher than in others. This may also be related to the comfort conditions 

offered in these establishments. Therefore, focusing on these kinds of hotels could be 

convenient when applying energy policies related to energy efficiency and renewable 

energy use. In this sense, ecolabels could be appropriate.     

Finally, Table 3 shows the estimated coefficient values when estimating [6]. The second 

and third columns show the estimates when the squared values of the HDD and CDD 

are included in the function, but not the variable referring to the ranges HDD15-22 and 

CDD18-22. The fourth column shows the estimated coefficient of [6], and finally the 

fifth column shows the estimated coefficient of [6] when the price variable is not 

included, once again due to the lack of significance in the previous estimate.   

[Insert Table 3] 

Table 3 again shows that the E-EKC hypothesis is not supported for the hospitality 

sector in the Spanish Mediterranean provinces and that an increasing relationship is 

observed. Therefore, taking into account the results shown in Tables 1 to 3, related to 

the tourism variable, it may be appropriate to implement some measures to compensate 

for the effect of tourism in increasing electricity consumption. In this line, two main 
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policies could be appropriate to implement in order to avoid environmental damage 

linked to electricity consumption increases in the sector. First, more energy efficiency 

measures are needed to apply to compensate for the electricity consumption increase 

due to tourism growth. Nevertheless, authors such as Becken and Dolnicar (2016) found 

that companies have the perceptions that these projects are not always well-matched 

with productivity, the financial cost being considered an important barrier. Secondly, 

renewable energies could be promoted in a double sense: On the one hand, the use of 

renewable technologies may be used in the hospitality buildings. In this line, Chan et 

al., (2017), pointed out that hotel experts prefer solar systems. Thus, according to Gallo 

et al., (2014), these systems could supply up to 50% of hotels energy use in Southern 

EU countries, such as Spain. On the other hand, the use of renewable energies could be 

promoted for electricity generation, so that emissions related to this consumption 

increase would not provoke emissions generation. In this regard, the change in the 

energy mix could be appropriate. However, it is worth noting that stronger growth in 

renewable energy could be expected, due to the fact that solar and wind power are 

becoming more competitive, but there are some barriers that are still limiting the 

incorporation of renewables into the power generation, such as surplus energy storage 

(European Union, 2018). Several studies, such as the report by Deloitte (2016), consider 

that self-generation and self-consumption may play a very important role, pointing out 

that it could be convenient to allow free access and to not impose penalties for this form 

of energy generation-consumption.  

Regarding the temperature coefficients estimated values, it is worth noting that the 

Table 3 results indicate that the hypothesis of non-linearity effects of temperature 

variables on the electricity consumption is supported. The positive value of the squared 

variable indicates an increasing elasticity of electricity consumption in the sector when 
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the CDD increases. This is also reinforced by the CDD18-22 estimate value, as this 

value is lower than that obtained for CDD22, also indicating that, when temperature 

increases, the electricity use elasticity will also increase for cooling spaces. Therefore, if 

global warming occurs, and the other variables remain constant, the electricity 

consumption in the hospitality sector will tend to increase, this increase being higher as 

the temperature increases. These results are in line with those observed by Chang et al., 

(2016), who pointed out that the temperature increase would have more effect on energy 

use for higher temperature levels.      

In the case of HDD coefficients values, the estimated values for HDD15 and HDD15-18 

are positive, indicating that electricity consumption increases when temperatures 

become lower, so that more heating is necessary to warm spaces. Nevertheless, it is 

worth noting that the coefficient value is lower for the HDD15 than for the HDD15-18 

variable, indicating that increasing the HDD for temperature ranges between 15-22º C 

provokes higher electricity needs than when increasing the HDD for temperatures below 

15º C. Likewise, this effect is also reinforced by the negative value for squared-HDD15, 

which indicates that the electricity consumption elasticity, with respect to HDD15, is 

decreasing as temperature goes down, and heating is needed. It can be expected then, 

that an increase of the temperatures that provokes an increase of temperate days in 

which the use of the heating is needed (temperatures below 18º C), is going to cause an 

increase in the use of electricity in the hospitality sector.  

Finally, it should be highlighted that the estimates have been performed considering the 

average daily temperature, without taking into account the wide range between 

maximum and minimum temperatures, and without differentiating by months or 

seasonal characteristics. Therefore, when data permits, it would be interesting to 
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undertake further research on these questions, which could improve the results, 

especially for HDDs.       

6. Conclusions and policy implications 

 

The EU has recently presented a strategic long-term vision for a climate-neutral 

economy by 2050. As the EU considers that CC is a serious concern for Europeans, a 

multi-sectoral socio-economic transformation is considered to be necessary. On the one 

hand, the EU considers it necessary to achieve a net zero GGE by 2050, on the other 

hand, the adaptation of the economic sectors to a warming climate is considered 

necessary. This study focuses on the tourism sector’s adaptation to temperature changes, 

by analyzing their effects on the hospitality electricity consumption.    

Specifically, and using panel data referring to 12 Spanish Mediterranean provinces and 

the 1999-2014 time period, this study tests the tourist stays and temperature effects on 

the hospitality electricity consumption by estimating an extended E-EKC for the sector. 

In addition, in order to take into account the non-linearity temperature effects on 

electricity consumption, HDD and CDD are calculated for different temperature ranges 

and the squared values of variables are considered.  

The results show that the E-EKC hypothesis is not supported, since it is observed that 

there is a growing relationship between the electricity consumption in the hospitality 

sector and the overnight stays. In addition, the results show that increased overnight 

stays in hotels with higher star ratings, increased presence of foreign tourists and higher 

income levels, tends to increase the electricity consumption in the hospitality sector. 

Likewise, the results show that electricity prices have no significant effects on the 

sectoral electricity consumption.  
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Regarding the temperature effects, the results show a notable influence of temperature 

variables on the electricity use, as increasing CDD and HDD provoke electricity 

consumption increases. The results indicate that these effects are not linear. In the case 

of CDD, the results indicate that the elasticity of the electricity consumption, with 

respect to CDD, is increasing.  Therefore, global warming will induce not only an 

increasing electricity use, but also higher temperature increases will tend to increase 

these effects.  

In the case of HDD, the results also indicate positive effects, nevertheless, the elasticity 

values of the electricity use, with respect to the HDD, tends to be non-significant when 

the base temperature is lower.  In addition, it is observed that although the elasticity is 

positive, it becomes lower as the variable grows, indicating that the effect is going to be 

lower as the temperatures become lower,  or alternatively, that the effect will be greater 

when temperatures become higher.   

The results indicate that tourism growth and global warming (increasing CDD and 

reducing HDD15 and increasing HDD, between 15 to 18 average temperature range) 

have a positive influence on hospitality electricity use. Therefore, it could be 

appropriate to implement some measures in order to control the increase in electricity 

use, at least the use of electricity from non-renewable sources. In this line, it could be 

appropriate to implement energy saving measures, especially in those hotels with 

highest energy use, as for example those with a high number of stars. Additionally, it 

could also be recommended to install renewable energy and electricity generation 

systems in hotels, especially if it is accompanied by state laws that do not punish 

electricity self-consumption. Finally, it is also considered appropriate to encourage the 

change in the electricity mix towards a more renewable generation. 
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Additionally, taking into account these non-linear results on temperature, it could be 

convenient to delve into these non-linearity effects in future research, for example by 

differentiating the estimates by season. In addition, it could also be interesting to 

analyze how changes in temperature may have effects on tourism arrivals, and indirectly 

on electricity use.     

Finally, it is also worth noting the positive and significant values for the ST variable and 

also for the cross-product. In this regard, the results may indicate that these hotels may 

be offering more services inducing more electricity use. In addition, as the temperature 

becomes higher, the electricity use in these hotels will become higher than in others.  
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Table 1: Estimate results of [4]  

 FGLS 

[4] 

FGLS 

[4] 

FGLS 

[4] 

FGLS 

[4] 

T 0.168*** 

(0.047) 

0.140***     

(0.049) 

0.174*** 

(0.049)  

0.130*** 

(0.046) 

T
2 

0.077*** 

(0.021) 

0.074***    

(0.022) 

0.078*** 

(0.022) 

0.076*** 

(0.020) 

Y 0.756*** 

(0.159) 

0.504***   

(0.174) 

0.716*** 

(0.169) 

0.548*** 

(0.166) 

CDD18 0.063*** 

(0.022) 

 0.077*** 

(0.021) 

 

HDD18 0.080** 

(0.037) 

 0.104*** 

(0.033) 

 

CDD22  0.024***    

(0.009) 

 0.021*** 

(0.009) 

HDD15  0.017    

(0.020) 

 0.017 

(0.021) 

ExtT 0.228** 

(0.108) 

0.214**    

(0.087) 

0.301*** 

(0.110) 

0.213** 

(0.110) 

ST 0.138** 

(0.062) 

0.265**    

(0.121) 

0.130* 

(0.083) 

0.151** 

(0.062) 

P 0.002 

(0.040) 

-0.028    

(0.039) 

  

 

Table 2: Estimate results of [5]  

 FGLS 

[5] 

FGLS 

[5] 

FGLS 

[5] 

FGLS 

[5] 
T 0.153***   

(0 .049) 

0.140*** 

(0.045) 

0.100***   

(0.045) 

0.166***     

(0.051) 

T
2 

0.071***   

(0.021) 

0.072*** 

(0.020) 

0.082***   

(0.018) 

0.071***      

(0.021) 

Y 0.731*** 

(0.173) 

0.794*** 

(0.151) 

0.878***   

(0.181) 

0.686***        

(0.183) 

CDD18 0.095***    

(0.026) 

0.109*** 

(0.024) 

  

HDD18 0.103**    

(0.042) 

0.160** 

(0.038) 

  

CDD22   0.045***   

(0.011) 

0.032***      

(0.011) 

HDD15   0.047**   

(0.022) 

0.024    

(0.024) 

ExtT 0.219*    

(0.116) 

0.212* 

(0.119) 

0.408***   

(0.115) 

0.215*      

(0.126) 

ST 0.113***   

(0.070) 

0.194*** 

(0.054) 

0.244***   

(0.060) 

0.124*     

(0.071) 

CDD*ExtT 0.007   

(0.116) 

0.029 

(0.112) 

-0.079    

(0.124) 

-0.011    

(0.126) 

CDD*ST 0.209*    

(0.130) 

0.233** 

(0.112) 

0.212*    

(0.136) 

0.240**    

(0.136) 

P -0.004   

(0.0467) 

 -0.024    

(0.034) 
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Table 3: Estimate results of [6]  

 
FGLS 

[6] 

FGLS 

[6] 

FGLS 

[6] 

FGLS 

[6] 

T 
0.133** 

(0.053) 
0.082***      (0.029) 

0.141***      

(0.063) 

0.135** 

(0.063) 

T
2 0.070***         

(0.024) 

0.062*** 

(0.025) 

0.084***    

(0.025) 

0.083***    

(0.025) 

Y 
0.779***         

(0.183) 

0.732*** 

(0.201) 

0.518** 

(0.219) 

0.555***    

(0.217) 

CDD18 
0.104***         

(0.030) 
   

Squared-CDD18 
0.086** 

(0.044) 
   

HDD18 
0.081***         

(0.041) 
   

Squared-HDD18 
-0.050 

(0.046) 
   

CDD22  
0.068*** 

(0.016) 

0.155***      

(0.051) 

0.158***    

(0.051) 

Squared-CDD22  
0.044*** 

(0.015) 

0.032**      

(0.014) 

0.034***   

(0.012) 

HDD15  
0.010 

(0.028) 

0.168***      

(0.060) 

0.134* 

(0.080) 

Squared-HDD15  
-0.004 

(0.015) 

-0.033***    

(0.016) 

-0.035** 

(0.015) 

CDD18-22   
0.133* 

(0.080) 

0.178***    

(0.059) 

HDD15-18   
0.367***  

(0.119) 

0.378***    

(0.120) 

ExtT 
0.351***         

(0.118) 

0.287* 

(0.140) 

0.282** 

(0.144) 

0.308* 

(0.137) 

ST 
0.181***          

(0.061) 

0.130* 

(0.074) 

0.124* 

(0.077) 

0.134* 

(0.076) 

P 
0.004 

(0.047) 

-0.062 

(0.050) 

-0.014 

(0.039) 
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Figure 1: Tourist overnight stays, hospitality electricity consumption and CDD-

HDD in the Spanish Mediterranean provinces.    

Source: own elaboration 

 

 

 

 

 

 

 


