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Abstract

:

A global energy consumption reduction is essential to address the many dimensions of the current ecological crisis. In this paper we have compiled the reasons that justify the necessity to start this energy descent process in the countries of the global North, where the annual per capita final energy consumption was 118 GJ in 2017. Based on recent research, we approach the necessary redistribution of energy consumption at the global level and the elements that should be present in energy descent strategies. We establish an approximate threshold of minimum and maximum per capita final energy consumption, between 15.6 GJ and 31.0 GJ for the year 2050, which serves as a reference for evaluating scenarios. We continue with an analysis of two ecological transition scenarios for Spain between 2020 and 2030, Green New Deal and Degrowth. Based on a schematic calculation model defined in “Labor Scenarios in the Ecosocial Transition 2020–2030” report, we evaluate the variations in energy consumption for 86 sectors of economic activity. Results show an annual final energy consumption per capita in 2030 of 44.6 GJ and 36.8 GJ for each scenario. We conclude by analyzing the hypothetical main drivers of this sharp decline in energy consumption.
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1. Introduction


As global warming and ecological degradation accentuate their impacts, the ecological and energy transition is gaining momentum. Five decades behind schedule, public policies are focused on achieving fast decarbonization of the economy. This trend is speeding simultaneously as the historical record of 415 ppm CO2 in the atmosphere is surpassed [1]. In 2019, global annual primary and final energy consumption reached 583.9 EJ [2] and 435.0 EJ [3], respectively. Confidence in the possibility of completely replacing fossil fuels with energy production based on renewable sources is the central element on which the transition plans are being developed [4]. However, there are several reasons to be cautious and to point out the limitations of a strategy focused solely on “greening” energy production, without acting simultaneously on energy demand, may encounter [5]. Strategies focused exclusively on the energy–climate dimension often hide many other elements that need to be taken into account to achieve a transition that does not worsen ecological degradation, such as biodiversity loss [6]. Global energy descent appears as a requirement to reduce these risks and increase the feasibility of carrying out an ecological and energy transition within biophysical limits.



The purpose of our research is to contribute to the conceptualization and planning of ecological transition scenarios that include energy descent at their core. We believe that it is of great importance at the present time to identify those sectors and strategies that should play a leading role in this reduction of energy consumption. From this basis of conceptualization, planning, and identification, policies aimed at meeting the energy reduction targets can be designed. Our first objective is to clearly present the dimension, responsibility, and strategies of energy descent for the countries of the global North. Our second objective is to evaluate two specific ecological transition scenarios for Spain between 2020 and 2030: Green New Deal and Degrowth. For this purpose, we will use a methodology based on a schematic calculation model defined in the report “Labor Scenarios in the Ecosocial Transition 2020–2030” [7], from which we will also take the data that define both scenarios. Our calculation can then be understood as a contribution to the results obtained in that report and as a first approximation to quantify the energy consumption reductions that could be achieved from these ecological transition scenarios.



The paper is structured as follows. Section 2 presents a literature review of various research studies which allows us to establish the magnitude of the energy descent at the global level, evaluate the equitable distribution that should be made in the process, and point out strategies that allow us to achieve substantial reductions in energy demand in the countries of the global North. This section establishes a minimum and maximum threshold of final energy consumption per capita that will serve as a framework for analysis and comparison. In Section 3, we briefly introduce both ecological transition scenarios, explain the methodology used for the energy descent analysis, and present the initial energy consumption data. Section 4 shows the main results obtained for both scenarios and evaluates them with a sensitivity analysis. In Section 5, we discuss the obtained results, analyzing the sectors of economic activity and the transformations that promote the most significant reductions in energy consumption. We evaluate how these results relate to the considerations made from the literature review. In Section 6, we conclude the paper with some comments on the influence of these results on ecological transition policies.




2. Conceptualizing Energy Descent


We can explore three different perspectives that impose constraints on global energy consumption. Firstly, greenhouse gas emission reduction targets to limit the worst consequences of global warming. Secondly, the constraints imposed by the minerals required for the manufacture of renewable energy technologies. Lastly, the situation of declining energy availability as a result of peak conventional oil and low EROI for renewable technologies.



The Working Group I contribution to the IPCC Sixth Assessment Report estimated a remaining carbon budget of 400 GtCO2 to limit global warming to 1.5 °C with a 67% probability [8]. As this budget shrinks, and under the imperative to meet economic growth, Integrated Assessment Models (IAMs) give an increasingly central role to Negative Emissions Technologies (NET). However, there is considerable uncertainty about the actual capacity of these technologies to achieve net CO2 reductions on the envisioned scale of several gigatons per year [9]. Climate researchers warn of the risks of a “net zero” strategy and these technologies, as they reinforce the idea of “burn now and pay later” [10]. The way to meet carbon budgets without relying on large-scale deployment of NET necessarily involves a reduction in energy consumption. Grubler et al. defined in 2018 their “Low Energy Demand Scenario” (LED), which meets the 1.5 °C climate goal decreasing global final energy consumption by 40% to 245 EJ in 2050 [11].



Hickel et al. argued in favor of considering post-growth climate mitigation scenarios as those that can minimize feasibility and sustainability risks arising from technologically driven trajectories which are based on a high decoupling between energy and GDP, large-scale carbon dioxide capture, and a high-speed transformation to renewables [12]. Keyßer and Lenzen [13] developed a degrowth climate scenario that introduces the perspective of climate and ecological justice. For this purpose, they consider a redistribution of energy consumption between the global North and the global South. In this scenario, with equitable redistribution, the global North moves from its average final energy consumption per capita of 118 GJ in 2017 to 31 GJ in 2050, while the global South would move from 36 GJ in 2017 to 31 GJ in 2050 [13].



The minerals required to manufacture renewable energy devices represent another limit to global energy consumption [14]. Valero et al. [15] identified that the cumulative demand of 13 raw materials present in a low-carbon transition could exceed their known reserves, cobalt, lithium, tellurium, and nickel being the most critical elements in the coming decades [16]. Dominish et al. [17] studied the mineral demand for renewable energy and storage technologies under an ambitious scenario that limits emissions between 2015 and 2050 to 450 GtCO2, with a final energy consumption of 253 EJ supplied from renewable sources by 2050. It is found that the mineral demand would exceed reserves of cobalt, lithium, and nickel, while it would reach 50% of the reserves of indium, silver, and tellurium. Furthermore, the risk of a major negative impact on biodiversity due to increased extraction of these minerals in specially protected areas must also be considered [18].



Finally, beyond the choice of whether or not to reduce energy consumption at the global level to address the ecological crisis, certain elements lead us to think in terms of unavoidable declining energy availability. After conventional crude oil production peaked between 2005 and 2006 [19], production had slowly fallen from 70 Mb/d to 67 Mb/d in 2018. Subsequently, the International Energy Agency (IEA) certified in the 2020 World Energy Outlook that investment in oil and gas has declined since 2014 [20]. In the case that companies invest only in existing oil wells, IEA estimates that the drop in production would reach 40 Mb/d in 2040 [20]. Given the current global dependence on oil, such a reduction and the rising oil prices that would follow could complicate rather than facilitate the energy transition if it is not adequately planned [21].



On the other hand, the discussion on the EROI of renewable technologies raises some doubts about the amount of energy that can be produced from these technologies. Recent research by de Castro and Capellan argues that a transition from the current fossil to a renewable energy mix will be linked to a reduction in the EROI of the energy system [22]. When the boundaries of the analysis are extended closer to the system level, large hydro shows an extended EROI of 6.5:1, while the rest of the main renewable technologies are below 3:1 [22]. This fact could be accentuated by the decrease in the ore grade of some key minerals for these technologies, as is the case of copper [23]. Likewise, there are other issues that feed this uncertainty, such as the current dependence of renewable technologies on fossil fuels, the difficulties in the electrification of many current energy uses, or the integration of variability in the grid [5]. For these reasons, Floyd et al. call for “knowledge humility” about what the real energy transition scenarios might be [5].



These three perspectives allow us to approach the quantification of the energy descent that would have to be assumed at a global level. We see how even in the case of strong reductions in energy consumption, such as the one described by Dominish et al. [17], the reserves of certain minerals could be exceeded. Therefore, we consider it reasonable and prudent to assume the energy descent reference described by Grubler et al. [11], which establishes a final energy consumption of 245 EJ in 2050. This decrease would reduce the sustainability risks and increase the feasibility of achieving a transition to renewable sources.



Inequalities, Redistribution, and Strategies for Energy Descent


If we adopt the perspective of ecological justice, it will be those countries with the highest energy consumption who will have to undertake the largest energy reductions [24]. Global energy consumption currently shows huge inequalities: while the wealthiest 10% of the world’s population is responsible for 39% of the final energy footprint, the poorest 10% consumes 20 times less, only 2% [25]. It is a small portion of the world’s population that is responsible for an excessive energy footprint, while a large majority in the lower income brackets is responsible for only a small percentage of the world’s energy consumption. This is something that must be carefully considered when thinking about the energy descent that should be achieved in the coming decades.



A significant demand reduction high energy consumption countries should not imply a deterioration in the living conditions of their population. Steinberger and Roberts described in 2010 the decoupling that occurs after a certain saturation point between each country’s primary energy consumption and a set of human development indicators [26]. Akizu-Gardoki et al. [27] quantified this saturation point for annual primary energy consumptions above 100 GJ per capita. Below the saturation point, small increases in energy consumption can lead to a considerable improvement in human development indicators. Vogel et al. [28] point out that factors such as quality of public services, income equity, democracy, and access to electricity are associated with a high satisfaction of human needs with low energy requirements. Research show that current energy consumption is more than enough to ensure a decent living for the entire world population [26,29]. It is the lack of social efficiency in transforming this consumption towards the satisfaction of human needs that prevents this from happening [26]. Millward-Hopkins et al. [29] have pointed out that it would be possible to reduce global final energy consumption in 2050 to 149 EJ while providing a decent living for 10 billion world population. The Decent Living Scenario defines an annual final energy consumption of 13–18.4 GJ per capita, with a global average of 15.3 GJ [29].



Based on the values provided by research, we can define an approximate threshold of minimum and maximum final energy consumption to serve as a reference of analysis. At the lower limit, we place the estimate of Millward-Hopkins et al. [29] with 15.3 GJ of final energy per capita as the global average of the consumption necessary to guarantee a decent living. At the upper limit, we place Keyßer and Lenzen’s [13] estimate, with 31 GJ of final energy per capita, as the maximum energy consumption compatible with meeting the 1.5 °C goal without relying on large-scale NET. Thus, the approximate threshold would be between 15.3 and 31 GJ of final energy consumption per capita by 2050.



Average annual per capita final energy consumption in the global North was 118 GJ in 2017 [13]. In the case of Spain, annual final energy consumption was 78.0 GJ in 2018 [30,31]. Meeting the defined threshold for an equitable energy descent implies achieving energy consumption reductions in the range of 60 to 75% in the countries of the global North within three decades. The strategies and transformations that make it possible to achieve these levels of energy descent must consider energy demand as a dynamic, social, cultural, political and historical issue [32], which is continuously being shaped by “invisible energy policies” [33,34]. Thus, energy descent strategies should be grounded in a proper understanding of the socio-technical systems: those in which energy services are presented through large-scale, capital-intensive, and long-lived infrastructures that co-evolve with technologies, institutions, skills, knowledge, and behaviors [35,36]. It will be though large-scale socio-technical transitions, capable of overcoming the high energy demand lock-in established in the past, that our societies will be able to develop certain infrastructures and social practices that make it possible to satisfy the needs for a decent life while consuming much less energy.



Incremental change and energy efficiency strategies will not be enough to meet these magnitudes of energy demand reduction. Energy efficiency measures focused on technological improvements have proven unable of reaching the levels of energy and emission reductions needed to address the global North’s responsibility for the ecological crisis [37,38,39]. Instead, the energy sufficiency perspective seems to be more appropriate for this task [40,41,42]. This perspective allows us to focus on the ways in which those socially perceived needs can be satisfied through uses that reduce energy consumption, even if the equivalence of service is not maintained with respect to the way this currently occurs.



Therefore, the strategies needed to address a profound reduction in energy demand in global North countries must therefore involve a combination of large-scale socio-technical transitions and an energy sufficiency approach. Given the absence of empirical evidence of an adequate decoupling between energy consumption and GDP growth in the past and the unrealistic possibility of this happening in the future [43], these energy descent strategies will respond to the logic of degrowth: a planned contraction of the economic sphere, a reduction in production and consumption distributed in a socially fair way [44].



The conceptualizing elements of energy descent presented here help us to answer the key questions of how much, who, and how. This theoretical framework is necessary to carry out specific scenarios assessments as the one that follows. The approximate threshold defined here will be compared with the energy consumption results obtained by our calculations. The specific transformations of those economic sectors responsible for the main reduction in energy consumption will be analyzed together with the energy reduction strategies outlined here.





3. Energy Descent Scenarios Analysis for the Case of Ecological Transition in Spain 2020–2030


In our research, we have performed a schematic calculation of the energy descent in two ecological transition scenarios for Spain between 2020 and 2030. This analysis is based on the report “Labor Scenarios in the Ecosocial Transition 2020–2030” by the ecologist organization “Ecologistas en Acción” [7]. The report studied the interconnected evolutions between the working hours of different sectors of economic activity and greenhouse gas emissions. 86 sectors of economic activity grouped into 17 sets are considered. Table A1 of Appendix A shows the denomination and description of the 86 sectors considered.



The starting point is the Statistical Classification of Economic Activities in the European Community (NACE). Special emphasis is placed on accounting the hours worked corresponding to social reproduction work, or care work [45]. The initial values put the figure at 53% of total hours worked across all sectors devoted to unpaid care work and 8% to paid care work.



The objective of this report was to analyze the structural transformations necessary to achieve emission reduction targets that meet Spain’s responsibility according to the principles of climate justice. The report assesses how reducing the activity of those sectors with higher emissions per hour worked and increasing the economic activity of other sectors with lower emissions per hour worked can lead to an overall reduction in emissions.



Three scenarios were defined for this purpose. Two ecological transition scenarios representing two different political approaches and two different economic-institutional paths, and one reference scenario. A detailed description of the transformations included in each scenario can be found in [7]. A brief definition is given below:




	
Green New Deal Scenario (GND): Institutional strategy for a high-tech ecological modernization that stimulates economic sectors such as industrial renewable energies, ICT, or energy efficiency. Sectors such as agroecology are also promoted. The political proposal of this scenario is based on a post-neoliberal reform horizon with a post-growth economic paradigm [46].



	
Degrowth Scenario (D): Assumes the necessary, desirable, and unavoidable strong reduction of energy and material consumption in contemporary societies. It establishes the development of more rural, local, and de-technologized economies. It is a transformation towards agrarian-based social metabolisms. Its political bet goes through a search for greater social autonomy, with respect to the State and with respect to commodification [47].



	
Business as Usual Scenario (BAU): This is a smooth continuation of the dynamics already underway in terms of economic growth and development of specific sectors. It does not represent an ecological transition scenario. Its function is to serve as a reference to evaluate where we are heading if no measures are taken and compare this result with those obtained in the other two scenarios.








The scenarios are defined on the basis of the parameter of hours worked for the 3-digit NACE categories, which represent almost 300 sectors. To model the evolution of this parameter between 2020 and 2030, maximum and minimum limits to its annual variability were established. These constraints are obtained from the year-on-year rates of change of the historical series of the WIOD socioeconomic accounts [48]. In some sectors, the growth or decline limit was extended, considering that it is possible and necessary to force changes that exceed the market trend dynamics due to their strategic nature. For example, the decline limit for the “Food 1: Industrial agriculture and farming” sector was increased due to a process of conversion to “Food 2: Organic agriculture and farming”, for which the growth limit was increased.



Based on these upper and lower limits, the scenarios are defined by 7 degrees of variation in the hours worked in each of the 3-digit NACE categories: 3 degrees of growth, 1 degree of no variation, and 3 degrees of decline. This way, the obtained parameters of annual variation will provide the value of the desired hours worked (xend) for each sector that the calculation model will use. Due to the difficulty of obtaining data on emissions or energy at this level of disaggregation, the 3-digit NACE categories are grouped into 86 sectors of economic activity, most of which correspond directly to the 2-digit NACE categories.



We have decided to use the same calculation method developed in this report to analyze the variations in energy consumption that these two defined ecological transition scenarios would entail. These variations are not obtained as a result of a specific energy policy but as the result of a set of structural transformations over the economic activity of several sectors. Here we present the collection of the initial energy consumption data, the description of the applied calculation model, and a discussion about the limitations of the method.



3.1. Initial Data


To run the defined calculation model, we started from the initial energy consumption data for each 86 sectors. As in the original report, we took the data corresponding to the year 2017 to represent the starting point of 2020. The only currently existing data source with a level of disaggregation according to NACE categories is found in Eurostat’s Physical Energy Flow Accounts (PEFA) [49].



PEFA records the energy flows between the environment and the economic system of a country. It is not an accounting created by obtaining new specific data, but by adapting various existing traditional accounting systems. PEFA is an accounting based on the residential principle, which differs from traditional energy statistics, which are based on the territorial principle. In other words, PEFA accounts for energy flows associated with the activity of economic units that exist in in the territory, regardless of where these flows occur. This difference in the accounting principle has a particular influence on activities such as the transport of goods. This is a limitation when it comes to comparing with the values of traditional energy statistics provided by governmental agencies.



We took from PEFA the data of the net domestic energy use (key indicator 6), which corresponds to primary energy consumption disaggregated by sector [50]. Likewise, we obtained from the information provided by PEFA the data on the percentage distribution of energy products for all sectors, except those in which the transformation of primary energy products into secondary energy products takes place [51]. The sectors affected by this exception are “Manufacture of coke and refined petroleum products” (Energy 1), “Electricity, gas, steam and air conditioning supply” (Energy 2), “Manufacture of chemicals and chemical products” (Industry 4), and “Manufacture of basic metals” (Industry 7). Excluding these four sectors, we will obtain an equivalence with the final energy consumption.



We found a direct match in the source data for 62 of the 86 sectors defined for this analysis. The remaining 24 require adaptation to determine the energy consumption of these sectors. Eight of them were considered to have zero energy consumption, as they are sectors defined in the original report to study the absorption of emissions by crops, forests, grasslands, and wetlands. Thus, in the end, 16 sector data had to be adapted, in most cases by finding a way to disaggregate energy consumption values that contain more than one sector. Table A2 of Appendix A shows the direct correspondence of sectors with NACE categories and the 16 adaptations applied.



Table 1 shows the initial energy consumption data according to the grouped sectors, and the percentage weight that each sector represents in total consumption. We see that the sectors that represent the highest percentage of primary energy consumption are the energy sector, with 30.3%, followed by the unpaid care work sector, with 23.9%. These are followed by the transport sector with 15.4% and industry with 11.2% of total primary energy consumption. The unpaid care work sector represents all household activities. An important part of the energy consumption derived from transport is included in the unpaid care work sector, as it corresponds to the use of private vehicles. There is also energy consumption from transport that is included in other economic activities that require the use of transport to develop their production or services. The values presented under the set of “Transport” are such consumptions specifically related to transport services. Complete initial primary energy data for the 86 sectors is shown in Table A3 of Appendix A.



In Figure 1, we present the distribution of energy products according to the grouped sectors. Those sectors in which the transformation of primary energy products into secondary energy products takes place have been excluded. For example, the “Energy” group is made up of four sectors, but only the one corresponding to the “Fossil fuels extraction” (Energy 4) activity is represented here. The complete initial distribution of energy products for the 86 sectors is presented in Table A4 of Appendix A.




3.2. Calculation Method


The schematic calculation method we have used to measure the variations in energy use of the different scenarios is the one developed for the original report [7]. The calculation has been carried out with values equivalent to the use of primary energy. However, by adapting the results we have been able to obtain values equivalent to the use of final energy. The sequence of this schematic calculation method was as follows:




	
Obtain the initial energy consumption data for the 86 sectors of economic activity.



	
Carry out the calculation model and obtain the energy results defined by the variations in hours worked.



	
Apply adjustment factors to certain sectors in a justified way to consider further transformations.



	
Obtain and analyze the final energy consumption results for each scenario.








In the case of the “Care Work 8” sector, which represents unpaid care work, a separate simulation is carried out to differentiate between the three factors that make up its energy consumption: transportation, heating/cooling, and other uses. The values obtained from the simulation of “Care Work 8” sector are presented in Table A7 of Appendix A.



Figure 2 shows a graphical description of the applied calculation method. The main variables and equations are presented below.



3.2.1. Initial Variables


	
Xini = {xini}, a vector of initial hours worked in each sector. Initial data were obtained by [7] from [52].



	
Eini = {eini}, a vector of initial energy consumption in each sector. Initial data were obtained from PEFA [49] for 2017.



	
Δxmin and Δxmax, minimum and maximum interannual variation rate in a sector. Obtained and adapted by [7] from the 2000–2014 historical series of the WIOD socioeconomic accounts [48]. A correction using the average interannual cumulative rates for periods of five years was applied to avoid cyclical effects.







3.2.2. Assumptions


The ratio of energy consumption per hours worked (F) remains constant for most sectors over the next decade.



	
F, the ratio of energy consumption per hours worked in a sector, was calculated as:







F = eini / xini,



(1)





This hypothesis finds its empirical verification in the study by Kovacic et al. [53], who show that the ratio between energy consumption and hours worked has remained practically constant for 14 European Union countries between 1995 and 2013.




3.2.3. Scenarios


Each simulation is guided by a predefined target scenario, which represents the direction of the socio-economical transformations.



	
Xend = {xend}, a vector of desired hours worked in each sector in the last year of the simulation (desired scenario).



	
The simulation would try to achieve this desired increment/decrement, but it would be limited by Δxmin and Δxmax constraints.







3.2.4. Model Equations


The evolution of each sector of activity is independent of that of the rest, except in a few cases of dependent sectors where there are direct couplings. An important part of the direct couplings defined are linked to a strong correlation between energy availability and the economic activity of high energy consuming sectors. The sectors which have direct couplings are listed in Table A5 in Appendix A.








	
Δxdesired, which is the desired interannual variation in each sector.



	
In an independent sector, Δxdesired was calculated as:


     Δ x    desired ,    y    =    x  end   −      x    ini     # Y   ·      x    y − 1     ,  



(2)




where y is the year of calculation and y − 1 the previous year. #Y is the number of years between the initial data and the expected scenario (10, as we were calculating for the decade).



	
Δx, the effective interannual variation in each sector, is constrained by maximum and minimum interannual variation rates


  Δ x = {      Δ  x min                            if    Δ  x desired  <  Δ  x min         Δ  x desired               if   Δ  x min  <  Δ  x desired   <  Δ  x max           Δ  x max                            if     Δ  x desired   >  Δ  x max         



(3)












In a dependent sector (A), ΔxAdesired depends on a proportional relationship with another sector B (or by a linear combination of more sectors)


ΔxAdesired = G · ΔxB,



(4)




where G represents the relation coefficient between sectors.




3.2.5. Obtained Results from the Model







	
   x  # Y   = {  x  # Y   }  , represents a vector of obtained hours worked in each sector in the final year, in our case 2030.


   x  # Y   = ·  x  i n i   +   ∑   y   ϵ   Y     Δ  x y  ·  x  y − 1     ,  



(5)







	
   E  # Y   = {  e  # Y   }  , represents a vector of the energy consumption of each sector obtained by the model for the final year, in our case 2030.


   e  # Y   =  x  # Y   ·   F ,  



(6)













3.2.6. Adjustment Factor


In some sectors, justified variations in the ratio F are required to reflect efficiency gains, reductions in consumption, deindustrialization processes or reconversions. This is established by the subsequent adjustment factor. We have adapted the values of the adjustment factor applied in [7] to the values of GHG emissions to our energy consumption analysis. We have done that through several parameters, such as the distribution and the emission factor of each energy product. The obtained and applied adjustment factors can be found in Table A6 of the Appendix A.








	
  Λ =  { λ }   , is a vector of the subsequent adjustment factor of each sector. It takes values between 0 and 1.



	
   E  2030   = {  e  2030   }  , is a vector of the energy consumption of each sector obtained after applying the adjustment factor:


   e  2030   =  e  # Y   · λ ,  



(7)













3.2.7. Distribution of Energy Products


We obtain from PEFA the initial percentage distribution of the consumption of energy products for most sectors.








	
  [  D  i n i   ] = {  D  i n i ,   s e c t o r s   }  , is a matrix that describes the initial distribution of percentage consumption of energy products for sector.



	
  [  D  2030   ] = {  D  2030 ,   s e c t o r s   }  , is a matrix that describes the obtained 2030 distribution of percentage consumption of energy products for sector once the adjustment factors have been applied.








The distribution remains constant for most sectors. There are some exceptions in which the adjustment factor justification implies a redistribution in the energy products. In these cases, the reduction in the energy consumption that imposes the adjustment factor is subtracted from the fossil-fuels energy products. This implies that the percentage of distribution of these products decreases and the percentage of others increases, for example, electricity. These exceptions are shown in Table A9 of Appendix A.




3.2.8. Final Energy Consumption


Final energy consumption results for the different scenarios in 2030 can be calculated by applying the obtained variation 2020–2030 of energy products consumption to official values provided by Spanish governmental agencies [30].



	
  F  E  2030    , describes the obtained final energy consumption.






As described in Section 3.1, for obtaining the final energy consumption equivalent values, sectors “Energy 1”, “Energy 2”, “Industry 4” and “Industry 7” are excluded.





3.3. Method Limitations


The calculation performed in this scenario assessment was based on a schematic method that may lead to inaccuracies. The objective was to provide an approximation that estimates the scale of the energy descent that could be achieved from certain ecological transition transformations. In this sense, the results should not be interpreted by their numerical reference, but as a first approximation of such a reduction in energy consumption. Different factors constitute a limitation to carry out a more precise calculation. We highlight the data availability, the schematic method, and the subsequent adjustment factors.



In first place, Eurostat’s PEFA is the only data source found that provides the energy consumption values disaggregated by two-digit NACE categories. The residential principle on which this accounting is based is a limitation when it comes to complementing and comparing the results obtained for the 2030 scenarios with those provided by other traditional energy statistics based on the territorial principle. Secondly, the schematic method applied allows a first approximation to the interrelationships and dependencies between sectors of economic activity, but a more consistent calculation would require the use of a system dynamics calculation model, such as the MEDEAS model [54].



Lastly, the application of adjustment factors after the calculation is another limitation of the method applied. These factors are included in the original report referring to a more profound reduction of emissions due to structural transformations such as: reflecting the electrification of machinery, an increase in the use of human physical force, efficiency increases, less climatic conditioning of spaces, or the development of more artisanal production. These factors have been translated into terms of energy consumption based on factors such as the emissions factor of different energy products and their percentage distribution for the sector concerned. Although these factors have been established in a reasoned manner, they may cause inaccuracies in the final results of the calculation.





4. Main Results


The main results of the energy consumption calculation for 2030 are presented below. Results of GND and D scenarios are presented individually, while results of the BAU scenario are only shown for comparison purposes. Complete results for the 86 sectors of economic activity can be found in Table A8 of Appendix A.



4.1. Green New Deal Scenario 2030 Results


We observe in Table 2 a 38.0% reduction in primary energy consumption between 2020 and 2030 according to the transformations defined for the GND scenario. In absolute terms, there is a decrease of 50,171.2 ktoe in primary energy consumption. The unpaid care work sector is the one with the greatest importance in the variation, accounting for 33.8% of the reduction. It is followed by the set of energy sectors, which account for 27.5% of the total variation, along with the transport sector, with 17.7% of the total reduction.



Regarding the percentage variation of energy consumption (Figure 3), there is a reduction in primary energy consumption for all sets, except for ICT and Forestry, which experience increases. These increases are justified by a significant increase in worked hours in these sectors.



If we evaluate the resulting distribution of energy products for 2030 according to the GND scenario, we find that the share of electricity in the unpaid care work sector increases considerably. There is also an increase in the share of electricity in the transportation sector. According to the change in the consumption of energy products in absolute terms, petroleum products show the largest reduction (−56.0%), followed by natural gas (−39.3%). Although electricity gained greater weight in certain sectors, in overall terms its consumption fell by 6.5%.




4.2. Degrowth Scenario 2030 Results


According to the transformations defined by scenario D (Table 3), there would be a 61.2% reduction in primary energy consumption between 2020 and 2030. In absolute terms, this represents a decrease of 80,774.1 ktoe. The set of sectors with the greatest weight in this decrease is Energy, accounting for 41.0% of the total, followed by unpaid care work, with 23.6%, and transport, with 16.3%.



All sets of sectors experience a reduction in their energy consumption (Figure 4), except for Forestry, which increases as a result of a sharp increase in the associated hours worked.



This scenario presents the greatest variations in the distribution of energy products. In the case of the unpaid care work sector, petroleum products go from ~60% to less than 25%, while electricity goes from 20% to 50%. Similarly, in the tourism sector, petroleum products go from representing more than 80% of consumption to less than 50%. Similar changes can be observed for the transport and food sectors. In terms of total consumption, petroleum products are reduced by 71.7% and natural gas by 44.0%. As in the previous scenario, despite electricity gaining centrality in the distribution of energy products in certain sectors, in total terms, it experiences a reduction in consumption of 12.6%.




4.3. Comparison of Scenario Results


The results obtained show an increase in primary energy consumption of 12.6% for the BAU scenario and a reduction of 38.0% and 61.2% in the GND and D scenarios, respectively. In both cases, the energy decrease is driven by structural transformations in the energy, unpaid care work, and transport sectors. For both ecological transition scenarios, the consumption of petroleum products decreases its centrality in the unpaid care work and transportation sectors. The largest reductions in the consumption of petroleum products occur in scenario D, with a reduction of 71.7%, while in the GND scenario, the reduction is 56.0% (Figure 5). Electricity consumption decreases in both scenarios by 6.5% for GND and 12.6% for D.



To analyze the results of energy product consumption in absolute terms for 2030 according to the different scenarios, we have to make a small adjustment. What we have done so far has been to evaluate the percentages of variation obtained on the consumption of energy products, not the absolute values. The initial data from which we started did not provide us with information on final energy consumption directly. Still, we had to derive it from the estimated consumption of energy products, so there are certain discrepancies. In order to translate the percentages of variation obtained for each of the energy products into absolute values, we decided to start from the official values provided by Spanish government agencies [29]. In this way, we obtain an energy product consumption, equivalent to final energy consumption, of 90,825 ktoe, 50,918 ktoe and 41,952 ktoe, respectively, for 2030 according to the BAU, GND, and D scenarios (Figure 6).



To compare these results with the considerations made in Section 2, we present the values of primary and final energy consumption per capita (Table 4). We take the demographic projections of the Spanish National Institute of Statistics (INE) for the year 2030 for both scenarios, which consider a population of 47.75 million [30]. No specific consideration or discussion about population growth scenarios has been addressed.



The most recent values for primary and final energy consumption per capita amount to 122.4 and 78.0 GJ for 2019 and 2018, respectively. We remind that these results should be compared with the defined minimum consumption and maximum consumption threshold. In the case of Spain, Millward-Hopkins et al. [29] estimated the minimum consumption necessary to ensure a decent life for the entire population in 2050 at 15.8 GJ of final energy per capita. Maximum consumption would be 31.0 GJ as defined by Keyßer and Lenzen [13] for 2050. Lastly, we present the main 2020–2030 variation results obtained for the three scenarios in Table 5.




4.4. Sensitivity Analysis


To complete the collection of results, we carried out two sensitivity analyses. First, we evaluated the effect of variations in the adjustment factors applied to represent structural transformations of the sectors regarding the total primary energy consumption result. Second, we evaluated the effect of modifying the annual rate of change applied on the transport attributed to the unpaid care work sector, regarding the total primary energy consumption result.



4.4.1. Sensitivity Analysis on Adjustment Factors


The adjustment factors subsequent to applying the calculation model are applied to 31 and 32 sectors for the GND and D scenarios, respectively. In this sensitivity analysis, we wanted to evaluate the effect of applying a variation on them. To do so, we reduced or increased the value of these factors percentage-wise and studied the effect this has on the total primary energy consumption result. We applied reductions of 5 and 10% and increases of 5, 10, 15, and 20% on the original value of the factors. The results obtained are shown in Figure 7.



Logically, in the BAU scenario there is no variation since no adjustment factors are applied in this case. We observe how the effect of the percentage variations applied on the adjustment factors is greater for scenario D than for GND. For a 10% reduction on the original values of the adjustment factors, the total primary energy consumption is reduced by 2.2 and 3.1% for the GND and D scenarios, respectively. For a 20% increase over the adjustment factors, the total primary energy consumption increases by 4.5 and 6.2% for the GND and D scenarios, respectively. The final result of primary energy consumption obtained after applying the adjustment factors represents a reduction of 25 and 42% with respect to the intermediate result obtained from applying the calculation method for the GND and D scenarios, respectively. Therefore, we can clearly see the greater influence of the adjustment factors on scenario D. This is justified by the transformations represented by this scenario, which are oriented towards achieving an agrarian-based social metabolism. In any case, the percentages of variation that we observed on the final result of primary energy consumption lead us to state that the inaccuracies that the applied adjustment factors may present have a moderate influence. Therefore, we consider that the results obtained using the adjustment factors can be taken as a first approximation of what tendencies and transformations these ecological transition scenarios would represent.




4.4.2. Sensitivity Analysis on Energy Consumption of Private Transport


The energy consumption attributed to the “Care Work 8: Unpaid care work and domestic life” sector is composed of three factors: transportation, heating/cooling, and other uses. In the initial 2017 data, applied for 2020, the percentage distribution of these three factors over the total is 51.4, 29.5, and 19.1%, respectively. It is the energy consumption attributed to the use of private transport that has the greatest weight. Given the weight of the reduction in energy consumption of the Care Work 8 sector with respect to the total reduction in the GND and D scenarios, we consider it important to perform a sensitivity analysis on this factor. As mentioned in Section 3.1, a separate simulation is applied to the Care Work 8 sector, differentiating between these three factors. In the case of transportation, what is applied is an annual rate of variation for each of the three scenarios: 1.5% for BAU, −13.3% for GND, and −20% for D. In this sensitivity analysis, we evaluated the effect of a percentage increase of 5, 10, 15, 20, 25 and 30% on these rates of variation. We compare it with the final result of total primary energy consumption. The results obtained are shown in Figure 8.



We can clearly see how the influence of these increases on the rate of variation is greater for scenario D, while in the case of the BAU scenario the influence is minimal. In the case of a 30% increase, the annual variation rates applied on private transport energy consumption are 2.0, −9.3, and −14% for the BAU, GND, and D scenarios, respectively. Under this variation, the total primary energy consumption increases by 2.7% and 3.6% for the GND and D scenarios, respectively. This shows the importance of the transformations on the energy consumption attributed to private transport. This consumption represents 12.3% of total primary energy consumption in the case of the initial data considered for 2020. In the results obtained for 2030, it represents 4.7% and 3.4% of primary energy consumption according to scenarios GND and D. This sensitivity analysis verifies the importance of the annual variation rates of private transport energy consumption. As in the previous case, we found that significant variations in the order of 20–30% on this factor have a moderate influence on the final result of total primary energy consumption. Therefore, despite the inaccuracies that may have been committed, we consider that the results obtained can be taken as a first approximation to the energy descent in the private transport sector resulting from the ecological transition scenarios.






5. Discussion


In this paper, we have made a theoretical approach to the framework of analysis of energy descent (Section 2) and a quantitative approach to the energy descent that could be achieved from two different scenarios of ecological transition for the case of Spain between 2020 and 2030 (Section 3 and Section 4). In the first part of the paper, we have studied the magnitude that the global energy descent would have to reach in the coming decades and the importance of a strong redistribution of energy consumption during this process. We have seen how the countries of the global North, and especially the wealthiest people among their populations, will have to assume the major part of the reduction in energy demand. To achieve this purpose, it is important to understand how demand is created and shaped, which is a dynamic, social, cultural, political, and historical issue. Large-scale socio-technical transitions will be necessary to move away from dependencies and inertias that block the possibility of satisfying social needs and desires through reduced energy consumption. The approach under which these transformations should be addressed will be that of energy sufficiency, focusing on how needs are transformed into demand for specific technical and energy services. Based on previous research, this analysis has established an indicative threshold of minimum and maximum consumption to help us evaluate possible energy descent scenarios. The minimum level of final energy consumption per capita corresponds to that necessary to guarantee a decent living, while the maximum level corresponds to climate scenarios that meet the 1.5 °C carbon budget without relying on negative emission technologies. In the case of Spain, this threshold would be defined between 15.8 and 31.0 GJ of final energy per capita by 2050.



Based on the report “Labor Scenarios in the Ecosocial Transition 2020–2030”, carried out by “Ecologistas en Acción”, we have calculated the evolution of energy consumption for two scenarios of ecological transition in Spain between 2020 and 2030. The results obtained show a 38.0% and 61.2% reduction in primary energy consumption for the GND and D scenarios, respectively, in the period under study. We obtain a final energy consumption per capita for 2030 of 44.6 and 36.8 GJ for the GND and D scenarios, respectively. These 2030 results are close to the maximum consumption threshold we have defined for 2050. The reductions experienced by both scenarios are very significant, even more so considering the time frame in which they are implemented. If these transitions were carried out, there would be 20 years left to deepen the energy descent, thus meeting the threshold defined for 2050. Those structural transformations described by scenario D are the ones that would bring us closer to the level of energy consumption reduction that Spain should assume. The fundamental difference between the two scenarios has to do with the considerations on which they are based. While the GND scenario describes a high-tech ecological modernization, the D scenario describes a transformation towards more rural, local, and de-technologized economies.



Regarding how these reductions in energy demand would be achieved, we can distinguish four different approaches based on the results obtained: 1. reduction of fossil fuel consumption, 2. abandoning dependence on globalized supply chains, 3. socio-technical transitions that allow abandoning the need for massive use of road transport, and 4. energy sufficiency measures that reduce energy consumption for heating and cooling.



The transformations carried out in the energy sector represent 27.5% and 41.0% of the reduction in consumption obtained for scenarios GND and D. These reductions are achieved mainly by strong reductions in the sectors “Energy 1: Coke ovens and oil refining” and “Energy 2: Non-renewable electricity supply, steam and air conditioning”. In the case of Energy 1, in both scenarios, consumption drops from 9087.7 ktoe in 2020 to 1559.6 ktoe in 2030. In the case of Energy 2, it goes from 30,774.2 ktoe in 2020 to 24,626.7 ktoe in 2030 according to the GND scenario and 5281.5 ktoe according to scenario D. Thus, the reduction in consumption of the Energy 1 sector accounts for 15.0 and 9.3% of the total decrease in primary energy according to the GND and D scenarios, respectively. While the reduction in consumption of the Energy 2 sector accounts for 12.3% and 31.5% of the total primary energy decrease according to the GND and D scenarios, respectively. Thus, we see how a strong reduction in the use of fossil fuels makes it possible to achieve a significant part of the total energy descent for both scenarios.



Secondly, we evaluated the disaggregated results for the transport sector. This sector accounts for 17.7% and 16.3% of the total primary energy decrease according to the GND and D scenarios. A large part of this decrease is obtained thanks to a reduction in the consumption of the “Transport 9: International navigation” sector, which goes from 6681.9 ktoe in 2020 to 3808.6 and 1135.9 ktoe in 2030 according to the GND and D scenarios. This represents 5.7% and 6.6% of the total primary energy reduction, respectively, for GND and D. This transformation represents a considerable reduction in globalized, energy-intensive supply chains that are also highly dependent on petroleum products that will decrease their availability during this period. We also note a substantial reduction in energy consumption in the “Transport 10: Air transport” sector, from 1359.1 ktoe in 2020 to 174.0 ktoe for both scenarios. However, it should be noted that a significant part of aviation energy consumption is included in the “Tourism 4: International Aviation” sector.



On the other hand, the sector “Transport 7: Road Land Transport” reduces its energy consumption from 8301.1 ktoe in 2020 to 3287.4 and 2037.2 ktoe in 2030 for the GND and D scenarios, respectively. This represents 12.7% and 6.2% of the total primary energy decrease experienced in each scenario. Complementarily, the sector “Transport 5: Land transport by rail with electric motor” experiences an increase that brings its energy consumption from 432.4 ktoe in 2020 to 1420.2 ktoe in 2030 for both scenarios. Therefore, we see how the transformations described by the scenarios concerning the transport sector involve abandoning dependence on globalized supply chains and carrying out large-scale socio-technical transitions to move away from dependence on the massive use of road transport and increase the use of collective public transport based on electric railroads.



Finally, we evaluated the transformations that make possible a sharp decrease in energy consumption in the “Care Work 8: Unpaid care work and domestic life” sector. The variations in this sector represent 33.8% and 23.6% of the energy decrease obtained in the GND and D scenarios, respectively. As already mentioned, the energy consumption of this sector is made up of transport, heating/cooling and other uses. The energy consumption attributed to private transport goes from 16,197.9 ktoe in 2020 to 3873.9 and 1739.2 ktoe in 2030 according to the GND and D scenarios, respectively. This represents 24.5% and 17.9% of the total primary energy decrease obtained for each scenario. The energy consumption attributed to household heating and cooling goes from 9278.2 ktoe in 2020 to 4639.5 ktoe in 2030 for both scenarios. This represents 9.2 and 5.7% of the total primary energy decrease obtained for the GND and D scenarios, respectively. The sharp reductions in energy consumption attributed to private transport should be understood as socio-technical transitions that allow for the development of social environments and practices that require much less mobility. Reductions in household heating and cooling consumption should be understood as the development of energy sufficiency measures to meet the needs of maintaining adequate temperatures with methods that do not necessarily involve the use of energy-intensive devices.




6. Conclusions


The scenarios analyzed in this paper describe a profound structural transformation of the economic sphere, a set of socio-technical transitions away from the lock-in of high energy demand and the development of lifestyles that make it possible to meet the needs of a dignified life through processes that consume much less energy. The analysis of the quantitative results of the GND and D scenarios for Spain in 2030 requires some caution, given the method limitations. These calculations will be further explored and improved in the future with a more detailed data collection and using a system dynamics calculation model. Despite these limitations, the work presented here points to the scenarios and strategies for energy descent that should be considered in the near future, pointing out the quantitative and qualitative challenges of the process. We believe that these results allow us to come closer to analyzing the ecological transition decisions and pathways that are currently being discussed.



These results encompass a societal transformation [55] that would affect almost every sector of economic activity, the country’s international trade relationships, and the social practices woven into everyday life. Most of the current high energy demand of Global North countries has been shaped by non-energy-related decisions and policies. In this sense, the way in which the levels of energy descent described here would be achieved goes far beyond the specific field of energy policies. Therefore, this objective must be placed at the core of ecological transition plans that will transform society as a whole.



The scenarios, understandings and public policy packages that currently dominate the field of ecological transition in the European Union represent an approach that reinforces the strong inequalities existing at the international level, maintains the logic of economic growth and intensifies the extractive processes of mineral resources in the global South [56]. The decades ahead of us are absolutely vital to limit the worst consequences of the ecological crisis and begin to correct the metabolic rift on which today’s societies are founded [57]. To this end, the countries of the global North will have to assume their historical responsibilities for the current situation and undertake severe reductions in their energy consumption. Here we have tried to present an approach to this task.
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Table A1. Description of sectors of economic activity considered in this research.






Table A1. Description of sectors of economic activity considered in this research.





	Sector
	Description





	Food 1
	Industrial agriculture and farming



	Food 2
	Organic agriculture and farming



	Food 3
	Absorption of industrial crops



	Food 4
	Absorption of agroecological crops



	Food 5
	Fishing and aquaculture



	Food 6
	Manufacture of food products; beverages and tobacco products



	Food 7
	Water collection, treatment and distribution



	Forestry 1
	Forestry and logging



	Forestry 2
	Absorption in the forestry sector



	Forestry 3
	Absorption of grasslands



	Forestry 4
	Absorption wetlands



	Forestry 5
	Absorption of other soils



	Construction 1
	Manufacture of wood and of products of wood and cork, except furniture; manufacture of articles of straw and plaiting materials



	Construction 2
	Absorption of wood collection



	Construction 3
	Manufacture of other non-metallic mineral products except glass



	Construction 4
	Mineral, stone, sand and clay extraction



	Construction 5
	Construction



	Construction 6
	Emission artificialization of soil



	Construction 7
	Real estate activities



	Construction 8
	Architectural and engineering activities; technical testing and analysis



	Care work 1
	Manufacture of basic pharmaceutical products and pharmaceutical preparations



	Care work 2
	Education



	Care work 3
	Human health activities



	Care work 4
	Residential care activities and social work activities without accommodation



	Care work 5
	Repair of computers and personal and household goods



	Care work 6
	Other personal service activities



	Care work 7
	Activities of households as employers; undifferentiated goods- and services-producing activities of households for own use



	Care work 8
	Unpaid care work and household activities



	Energy 1
	Manufacture of coke and refined petroleum products



	Energy 2
	Electricity, gas, steam and air conditioning supply



	Energy 3
	Renewable electricity supply



	Energy 4
	Fossil fuel extraction



	Waste 1
	Water purification



	Waste 2
	Waste collection and treatment



	Waste 3
	Waste incineration



	Waste 4
	Composting and anaerobic digestion



	Transport 1
	Manufacture of motor vehicles, trailers and semi-trailers



	Transport 2
	Manufacture of other transport equipment



	Transport 3
	Wholesale and retail trade and repair of motor vehicles and motorcycles



	Transport 4
	Land transportation by rail with internal combustion engine



	Transport 5
	Land transportation by electric motor rail



	Transport 6
	Pipeline transportation



	Transport 7
	Land transportation by road



	Transport 8
	Water transport



	Transport 9
	International maritime bunkers



	Transport 10
	Air transport



	Transport 11
	Warehousing and support activities for transportation



	Tourism 1
	Accommodation services



	Tourism 2
	Food and beverage services



	Tourism 3
	Travel agency, tour operator and other reservation service and related activities



	Tourism 4
	International Aviation



	Industry 1
	Manufacture of textiles, wearing apparel, leather and related products



	Industry 2
	Manufacture of paper and paper products



	Industry 3
	Printing and reproduction of recorded media



	Industry 4
	Manufacture of chemicals and chemical products



	Industry 5
	Manufacture of glass and glass products



	Industry 6
	Manufacture of rubber and plastic products



	Industry 7
	Manufacture of basic metals



	Industry 8
	Manufacture of fabricated metal products, except machinery and equipment



	Industry 9
	Manufacture of computer, electronic and optical products



	Industry 10
	Manufacture of electrical equipment



	Industry 11
	Manufacture of machinery and equipment n.e.c.



	Industry 12
	Manufacture of furniture; other manufacturing



	Industry 13
	Repair and installation of machinery and equipment



	Leisure 1
	Publishing activities



	Leisure 2
	Motion picture, video, television programme production; programming and broadcasting activities



	Leisure 3
	Creative, arts and entertainment activities; libraries, archives, museums and other cultural activities; gambling and betting activities



	Leisure 4
	Sports activities and amusement and recreation activities



	ICT 1
	Telecommunications



	ICT 2
	Computer programming, consultancy, and information service activities



	Finance 1
	Financial service activities, except insurance and pension funding



	Finance 2
	Insurance, reinsurance and pension funding, except compulsory social security



	Finance 3
	Activities auxiliary to financial services and insurance activities



	Research 1
	Scientific research and development



	State 1
	Public administration and defence; compulsory social security



	Trade 1
	Wholesale trade, except of motor vehicles and motorcycles



	Trade 2
	Retail trade, except of motor vehicles and motorcycles



	Trade 3
	Advertising and market research



	Others 1
	Postal and courier activities



	Others 2
	Legal and accounting activities; activities of head offices; management consultancy activities



	Others 3
	Other professional, scientific and technical activities; veterinary activities



	Others 4
	Rental and leasing activities



	Others 5
	Employment activities



	Others 6
	Security and investigation, service and landscape, office administrative and support activities



	Others 7
	Activities of membership organisations



	Others 8
	Activities of extraterritorial organisations and bodies










[image: Table] 





Table A2. Direct correspondence of sectors with NACE categories and adaptation applied for obtaining energy consumption initial data.
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	Sector
	NACE Category
	Adaptation
	Reference





	Food 1
	
	Split from A01
	[57]



	Food 2
	
	Split from A01
	[57]



	Food 3
	
	Zero consumption
	



	Food 4
	
	Zero consumption
	



	Food 5
	A03
	
	



	Food 6
	C10-C12
	
	



	Food 7
	E36
	
	



	Forestry 1
	A02
	
	



	Forestry 2
	
	Zero consumption
	



	Forestry 3
	
	Zero consumption
	



	Forestry 4
	
	Zero consumption
	



	Forestry 5
	
	Zero consumption
	



	Construction 1
	C16
	
	



	Construction 2
	
	Zero consumption
	



	Construction 3
	
	Split from C23
	[58]



	Construction 4
	
	Split from B
	[59]



	Construction 5
	F
	
	



	Construction 6
	
	Zero consumption
	



	Construction 7
	L
	
	



	Construction 8
	M71
	
	



	Care work 1
	C21
	
	



	Care work 2
	P
	
	



	Care work 3
	Q86
	
	



	Care work 4
	Q87-88
	
	



	Care work 5
	S95
	
	



	Care work 6
	S96
	
	



	Care work 7
	T
	
	



	Care work 8
	
	Total activities by households
	Reference



	Energy 1
	C19
	
	[58]



	Energy 2
	D
	
	[58]



	Energy 3
	
	Zero consumption
	



	Energy 4
	
	Split from B
	



	Waste 1
	
	Split from E37-39
	



	Waste 2
	
	Split from E37-39
	



	Waste 3
	
	Split from E37-39
	



	Waste 4
	
	Zero consumption
	



	Transport 1
	C29
	
	



	Transport 2
	C30
	
	



	Transport 3
	G45
	
	



	Transport 4
	
	Split from H49
	



	Transport 5
	
	Split from H49
	



	Transport 6
	
	Split from H49
	



	Transport 7
	
	Split from H49
	[59]



	Transport 8
	H50
	
	[60]



	Transport 9
	
	Data from Eurostat
	



	Transport 10
	
	Split from H51
	



	Transport 11
	H52
	
	



	Tourism 1
	
	Split from I
	



	Tourism 2
	
	Split from I
	



	Tourism 3
	N79
	
	



	Tourism 4
	
	Split from H51
	



	Industry 1
	C13-15
	
	



	Industry 2
	C17
	
	



	Industry 3
	C18
	
	



	Industry 4
	C20
	
	



	Industry 5
	
	Split from C23
	



	Industry 6
	C22
	
	



	Industry 7
	C24
	
	



	Industry 8
	C25
	
	



	Industry 9
	C26
	
	[60]



	Industry 10
	C27
	
	[7]



	Industry 11
	C28
	
	[7]



	Industry 12
	C31-32
	
	[7]



	Industry 13
	C33
	
	



	Leisure 1
	J58
	
	



	Leisure 2
	J59-60
	
	



	Leisure 3
	R90-92
	
	



	Leisure 4
	R93
	
	[60]



	ICT 1
	J61
	
	[60]



	ICT 2
	J62-63
	
	[60]



	Finance 1
	K64
	
	[60]



	Finance 2
	K65
	
	



	Finance 3
	K66
	
	[60]



	Research 1
	M72
	
	[60]



	State 1
	O
	
	



	Trade 1
	G46
	
	[7]



	Trade 2
	G47
	
	[7]



	Trade 3
	M73
	
	



	Others 1
	H53
	
	[60]



	Others 2
	M69-70
	
	



	Others 3
	M74-75
	
	



	Others 4
	N77
	
	



	Others 5
	N78
	
	



	Others 6
	N80-82
	
	[59]



	Others 7
	S94
	
	



	Others 8
	U
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Table A3. Initial data for 2020. Hours worked and primary energy consumption by sectors of economic activity.
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	Sectors
	Hours Worked (h)
	Primary Energy Consumption (ktoe)





	Food 1
	1,477,873,085.4
	2801.8



	Food 2
	17,126,136.7
	24.6



	Food 3
	0.0
	0.0



	Food 4
	0.0
	0.0



	Food 5
	58,541,741.3
	620.0



	Food 6
	970,805,575.9
	2679.7



	Food 7
	88,875,884.0
	34.7



	Forestry 1
	12,549,397.8
	83.9



	Forestry 2
	0.0
	0.0



	Forestry 3
	0.0
	0.0



	Forestry 4
	0.0
	0.0



	Forestry 5
	0.0
	0.0



	Construction 1
	113,611,113.8
	659.0



	Construction 2
	0.0
	0.0



	Construction 3
	131,221,979.9
	2806.0



	Construction 4
	12,354,941.9
	554.1



	Construction 5
	1,987,586,377.8
	1829.4



	Construction 6
	0.0
	0.0



	Construction 7
	206,941,024.5
	417.6



	Construction 8
	428,479,309.8
	166.5



	Care work 1
	148,396,120.4
	528.6



	Care work 2
	1,858,279,772.4
	702.3



	Care work 3
	1,852,823,558.7
	665.5



	Care work 4
	825,416,683.1
	348.7



	Care work 5
	112,804,896.1
	23.2



	Care work 6
	543,223,464.5
	158.4



	Care work 7
	849,448,416.7
	0.0



	Care work 8
	42,975,336,528.0
	31,498.5



	Energy 1
	18,162,804.1
	9087.7



	Energy 2
	40,990,000.3
	30,774.2



	Energy 3
	37,719,673.2
	0.0



	Energy 4
	3,040,971.3
	123.0



	Waste 1
	7,294,754.0
	8.3



	Waste 2
	59,310,627.9
	38.6



	Waste 3
	15,263,974.0
	8.3



	Waste 4
	3,954,669.1
	0.0



	Transport 1
	404,515,731.4
	529.3



	Transport 2
	111,746,433.7
	110.4



	Transport 3
	598,714,158.9
	613.4



	Transport 4
	7,851,296.2
	109.0



	Transport 5
	44,490,678.5
	432.4



	Transport 6
	814.8
	656.4



	Transport 7
	1,004,057,540.6
	8301.1



	Transport 8
	33,960,337.0
	1130.9



	Transport 9
	21,680.4
	6681.8



	Transport 10
	67,026,923.2
	1359.1



	Transport 11
	352,872,031.8
	419.9



	Tourism 1
	758,166,738.8
	456.7



	Tourism 2
	2,276,570,466.1
	456.7



	Tourism 3
	120,433,409.7
	84.6



	Tourism 4
	17,065.8
	2874.9



	Industry 1
	293,054,546.6
	333.4



	Industry 2
	83,962,683.1
	1659.0



	Industry 3
	134,621,584.9
	145.1



	Industry 4
	208,802,333.7
	6170.8



	Industry 5
	32,629,924.1
	606.3



	Industry 6
	163,961,318.8
	57.3



	Industry 7
	154,416,248.5
	4889.6



	Industry 8
	368,534,046.2
	456.8



	Industry 9
	69,558,882.0
	24.5



	Industry 10
	124,984,887.1
	179.2



	Industry 11
	275,408,690.0
	165.2



	Industry 12
	242,452,632.0
	9.4



	Industry 13
	187,668,940.5
	32.5



	Leisure 1
	93,528,789.0
	83.8



	Leisure 2
	162,170,188.0
	190.2



	Leisure 3
	292,718,006.1
	183.4



	Leisure 4
	307,945,423.1
	153.4



	ICT 1
	179,776,987.4
	304.1



	ICT 2
	424,687,034.9
	134.0



	Finance 1
	383,179,804.0
	217.2



	Finance 2
	201,572,356.5
	85.6



	Finance 3
	71,727,539.8
	134.8



	Research 1
	47,691,014.7
	85.6



	State 1
	2,230,889,587.0
	1152.1



	Trade 1
	1,483,721,397.8
	1400.4



	Trade 2
	3,619,238,593.0
	1310.0



	Trade 3
	192,184,265.4
	79.5



	Others 1
	195,576,373.6
	114.3



	Others 2
	899,420,693.2
	243.5



	Others 3
	255,006,804.2
	60.9



	Others 4
	84,288,811.2
	119.9



	Others 5
	123,048,280.2
	40.3



	Others 6
	1,228,495,771.8
	202.1



	Others 7
	176,034,141.9
	147.3



	Others 8
	799,590,699.1
	0.0
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Table A4. Initial data of percentual distribution of energy products consumption by sectors of economic activity.
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	Sectors
	Coal and Secondary Products
	Petroleum Products
	Natural Gas
	Renewables and Waste Products
	Electricity
	Heat





	Food 1
	0.0
	77.3
	2.6
	3.0
	16.8
	0.2



	Food 2
	0.0
	77.3
	2.6
	3.0
	16.8
	0.2



	Food 3
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0



	Food 4
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0



	Food 5
	0.0
	98.9
	0.0
	1.1
	0.0
	0.0



	Food 6
	0.8
	17.6
	40.4
	8.0
	33.2
	0.0



	Food 7
	0.0
	94.0
	2.7
	3.3
	0.0
	0.0



	Forestry 1
	0.0
	66.0
	2.7
	5.5
	25.5
	0.3



	Forestry 2
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0



	Forestry 3
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0



	Forestry 4
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0



	Forestry 5
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0



	Construction 1
	0.0
	8.0
	23.2
	48.4
	20.4
	0.0



	Construction 2
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0



	Construction 3
	0.3
	41.8
	35.9
	6.7
	15.4
	0.0



	Construction 4
	0.0
	37.1
	22.5
	0.6
	39.8
	0.0



	Construction 5
	0.0
	69.1
	18.1
	1.6
	11.2
	0.0



	Construction 6
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0



	Construction 7
	0.0
	5.3
	27.9
	0.9
	65.4
	0.6



	Construction 8
	0.0
	26.0
	19.4
	1.5
	52.5
	0.5



	Care work 1
	2.2
	59.7
	21.5
	0.1
	16.6
	0.0



	Care work 2
	0.0
	20.4
	18.5
	1.3
	59.3
	0.5



	Care work 3
	0.0
	13.0
	19.8
	1.4
	65.2
	0.6



	Care work 4
	0.0
	36.5
	14.8
	2.3
	46.0
	0.4



	Care work 5
	0.0
	8.5
	21.7
	0.9
	68.3
	0.6



	Care work 6
	0.0
	12.4
	19.8
	0.9
	66.3
	0.6



	Care work 7
	0.0
	0.0
	0.0
	0.0
	100.0
	0.0



	Care work 8
	0.3
	58.2
	11.9
	9.7
	19.1
	0.8



	Energy 1
	-
	-
	-
	-
	-
	-



	Energy 2
	-
	-
	-
	-
	-
	-



	Energy 3
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0



	Energy 4
	0.0
	37.1
	22.5
	0.6
	39.8
	0.0



	Waste 1
	0.0
	90.7
	6.7
	2.6
	0.0
	0.0



	Waste 2
	0.0
	90.7
	6.7
	2.6
	0.0
	0.0



	Waste 3
	0.0
	90.7
	6.7
	2.6
	0.0
	0.0



	Waste 4
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0



	Transport 1
	0.0
	11.7
	28.0
	0.3
	60.0
	0.0



	Transport 2
	0.0
	27.6
	15.8
	0.6
	56.0
	0.0



	Transport 3
	0.0
	52.5
	12.6
	2.2
	32.5
	0.0



	Transport 4
	0.0
	100.0
	0.0
	0.0
	0.0
	0.0



	Transport 5
	0.0
	0.0
	0.0
	0.0
	100.0
	0.0



	Transport 6
	0.0
	0.0
	69.3
	0.0
	30.8
	0.0



	Transport 7
	0.0
	96.3
	0.5
	3.1
	0.1
	0.0



	Transport 8
	0.0
	95.4
	3.0
	0.1
	1.6
	0.0



	Transport 9
	0.0
	100.0
	0.0
	0.0
	0.0
	0.0



	Transport 10
	0.0
	97.8
	1.3
	0.3
	0.5
	0.0



	Transport 11
	0.0
	27.7
	21.5
	0.9
	49.5
	0.4



	Tourism 1
	0.0
	25.4
	17.5
	6.5
	50.1
	0.4



	Tourism 2
	0.0
	25.4
	17.5
	6.5
	50.1
	0.4



	Tourism 3
	0.0
	52.3
	13.7
	2.3
	31.4
	0.3



	Tourism 4
	0.0
	100.0
	0.0
	0.0
	0.0
	0.0



	Industry 1
	0.0
	18.3
	38.4
	0.9
	42.3
	0.0



	Industry 2
	0.0
	5.6
	33.8
	34.7
	25.8
	0.0



	Industry 3
	0.0
	16.5
	31.7
	0.1
	51.7
	0.0



	Industry 4
	-
	-
	-
	-
	-
	-



	Industry 5
	0.3
	41.8
	35.9
	6.7
	15.4
	0.0



	Industry 6
	0.0
	95.9
	0.3
	3.8
	0.0
	0.0



	Industry 7
	-
	-
	-
	-
	-
	-



	Industry 8
	0.0
	19.7
	30.2
	0.2
	49.8
	0.1



	Industry 9
	0.0
	21.0
	7.2
	0.5
	71.2
	0.1



	Industry 10
	0.0
	22.3
	22.9
	0.3
	54.4
	0.1



	Industry 11
	0.0
	31.9
	22.9
	0.6
	44.6
	0.1



	Industry 12
	0.0
	95.9
	0.3
	3.8
	0.0
	0.0



	Industry 13
	0.0
	51.9
	42.5
	3.3
	0.0
	2.3



	Leisure 1
	0.0
	4.5
	20.3
	4.6
	70.1
	0.6



	Leisure 2
	0.0
	20.0
	17.0
	1.5
	60.9
	0.5



	Leisure 3
	0.0
	8.4
	20.5
	0.9
	69.6
	0.6



	Leisure 4
	0.0
	6.5
	20.8
	1.2
	70.9
	0.6



	ICT 1
	0.0
	13.0
	18.3
	0.7
	67.4
	0.6



	ICT 2
	0.0
	9.0
	23.5
	0.6
	66.3
	0.6



	Finance 1
	0.0
	14.3
	19.5
	0.9
	64.7
	0.6



	Finance 2
	0.0
	20.1
	19.6
	1.2
	58.6
	0.5



	Finance 3
	0.0
	63.4
	7.8
	2.7
	25.8
	0.2



	Research 1
	0.0
	34.7
	16.0
	1.7
	47.2
	0.4



	State 1
	0.0
	31.9
	18.1
	1.5
	48.0
	0.4



	Trade 1
	0.0
	40.2
	19.2
	1.8
	38.4
	0.3



	Trade 2
	0.0
	8.0
	23.6
	0.8
	67.1
	0.6



	Trade 3
	0.0
	18.0
	20.0
	1.5
	60.0
	0.5



	Others 1
	0.0
	29.8
	16.1
	1.2
	52.4
	0.5



	Others 2
	0.0
	13.1
	23.0
	1.0
	62.4
	0.5



	Others 3
	0.0
	13.8
	22.5
	1.3
	62.0
	0.5



	Others 4
	0.0
	35.0
	21.8
	1.4
	41.5
	0.4



	Others 5
	0.0
	13.0
	21.8
	0.8
	63.9
	0.6



	Others 6
	0.0
	19.7
	23.8
	1.8
	54.1
	0.5



	Others 7
	0.0
	27.6
	17.3
	1.5
	53.1
	0.5



	Others 8
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
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Table A5. Considered dependent sectors and factor G of direct coupling used in the calculation model. Values obtained from [7].






Table A5. Considered dependent sectors and factor G of direct coupling used in the calculation model. Values obtained from [7].





	Sectors
	Dependent of
	Factor G





	Food 5
	Transport 8
	1.290



	Food 7
	Energy 2 & Energy 3
	0.987



	Care work 5
	Energy 2 & Energy 3
	0.987



	Industry 8
	Construction 5
	0.878



	Industry 9
	Energy 2 & Energy 3
	0.987



	Industry 10
	Energy 2 & Energy 3
	0.987



	Leisure 2
	ICT 1
	1.010



	ICT 1
	Energy 2 & Energy 3
	0.987



	Finance 1
	ICT 1
	1.155



	Research 1
	Care work 2
	0.727
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Table A6. Subsequent adjustment factors applied to each sector and their justification.
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Sectors

	
Subsequent Adjustment Factor

	
Justification




	
BAU

	
GND

	
D






	
Food 1

	
1

	
1

	
1

	




	
Food 2

	
1

	
1

	
0.75

	
Reflect greater use of animal traction




	
Food 3

	
1

	
1

	
1

	




	
Food 4

	
1

	
1

	
1

	




	
Food 5

	
1

	
0.71

	
0.51

	
Reflecting the development of small-scale inshore and sailing fisheries




	
Food 6

	
1

	
0.81

	
0.84

	
Reflect machine electrification, an increase in the use of human physical power and efficiency gains




	
Food 7

	
1

	
1

	
1

	




	
Forestry 1

	
1

	
1

	
1

	




	
Forestry 2

	
1

	
1

	
1

	




	
Forestry 3

	
1

	
1

	
1

	




	
Forestry 4

	
1

	
1

	
1

	




	
Forestry 5

	
1

	
1

	
1

	




	
Construction 1

	
1

	
0.8

	
0.8

	
Reflect machine electrification, an increase in the use of human physical power and efficiency gains




	
Construction 2

	
1

	
1

	
1

	




	
Construction 3

	
1

	
1

	
1

	




	
Construction 4

	
1

	
1

	
1

	




	
Construction 5

	
1

	
1

	
1

	




	
Construction 6

	
1

	
1

	
1

	




	
Construction 7

	
1

	
1

	
1

	




	
Construction 8

	
1

	
0.5

	
0.5

	
Reduced air-conditioning of spaces




	
Care work 1

	
1

	
1

	
1

	




	
Care work 2

	
1

	
0.5

	
0.5

	
Reduced air-conditioning of spaces




	
Care work 3

	
1

	
0.8

	
0.8

	
Reduced air-conditioning of spaces




	
Care work 4

	
1

	
0.5

	
0.5

	
Reduced air-conditioning of spaces




	
Care work 5

	
1

	
1

	
1

	




	
Care work 6

	
1

	
1

	
1

	




	
Care work 7

	
1

	
1

	
1

	




	
Care work 8

	
-

	
-

	
-

	




	
Energy 1

	
1

	
1

	
1

	




	
Energy 2

	
1

	
1

	
1

	




	
Energy 3

	
1

	
1

	
1

	




	
Energy 4

	
1

	
1

	
1

	




	
Waste 1

	
1

	
0.72

	
0.72

	




	
Waste 2

	
1

	
0.81

	
0.81

	
Use of less polluting means of transport in waste collection




	
Waste 3

	
1

	
1

	
1

	




	
Waste 4

	
1

	
1

	
1

	




	
Transport 1

	
1

	
1

	
1

	




	
Transport 2

	
1

	
1

	
1

	




	
Transport 3

	
1

	
1

	
1

	




	
Transport 4

	
1

	
1

	
1

	




	
Transport 5

	
1

	
1

	
1

	




	
Transport 6

	
1

	
1

	
1

	




	
Transport 7

	
1

	
1

	
1

	




	
Transport 8

	
1

	
1

	
1

	




	
Transport 9

	
1

	
0.57

	
0.17

	
Reduction of international trade dependency




	
Transport 10

	
1

	
1

	
1

	




	
Transport 11

	
1

	
1

	
1

	




	
Tourism 1

	
1

	
0.5

	
0.5

	
Reduced air-conditioning of spaces




	
Tourism 2

	
1

	
0.5

	
0.5

	
Reduced air-conditioning of spaces




	
Tourism 3

	
1

	
0.5

	
0.5

	
Reduced air-conditioning of spaces




	
Tourism 4

	
1

	
0.38

	
0.04

	
Downscaling of the aviation sector




	
Industry 1

	
1

	
0.8

	
0.8

	
Reflect machine electrification, an increase in the use of human physical power and efficiency gains




	
Industry 2

	
1

	
1

	
1

	




	
Industry 3

	
1

	
1

	
1

	




	
Industry 4

	
1

	
0.95

	
0.95

	
Development of artisanal production with simple, low-energy-intensive machinery and electrification of the sector




	
Industry 5

	
1

	
1

	
1

	




	
Industry 6

	
1

	
1

	
1

	




	
Industry 7

	
1

	
1

	
1

	




	
Industry 8

	
1

	
1

	
1

	




	
Industry 9

	
1

	
1

	
1

	




	
Industry 10

	
1

	
1

	
1

	




	
Industry 11

	
1

	
1

	
1

	




	
Industry 12

	
1

	
0.83

	
0.83

	
Reflect machine electrification, an increase in the use of human physical power and efficiency gains




	
Industry 13

	
1

	
1

	
1

	




	
Leisure 1

	
1

	
0.5

	
0.5

	
Reduced air-conditioning of spaces




	
Leisure 2

	
1

	
0.5

	
0.5

	
Reduced air-conditioning of spaces




	
Leisure 3

	
1

	
0.5

	
0.5

	
Reduced air-conditioning of spaces




	
Leisure 4

	
1

	
1

	
1

	




	
ICT 1

	
1

	
1

	
1

	




	
ICT 2

	
1

	
0.5

	
0.5

	
Reduced air-conditioning of spaces




	
Finance 1

	
1

	
0.5

	
0.5

	
Reduced air-conditioning of spaces




	
Finance 2

	
1

	
0.5

	
0.5

	
Reduced air-conditioning of spaces




	
Finance 3

	
1

	
0.5

	
0.5

	
Reduced air-conditioning of spaces




	
Research 1

	
1

	
0.5

	
0.5

	
Reduced air-conditioning of spaces




	
State 1

	
1

	
0.5

	
0.5

	
Reduced air-conditioning of spaces




	
Trade 1

	
1

	
0.5

	
0.5

	
Reduced air-conditioning of spaces




	
Trade 2

	
1

	
0.5

	
0.5

	
Reduced air-conditioning of spaces




	
Trade 3

	
1

	
0.5

	
0.5

	
Reduced air-conditioning of spaces




	
Others 1

	
1

	
0.5

	
0.5

	
Reduced air-conditioning of spaces




	
Others 2

	
1

	
0.5

	
0.5

	
Reduced air-conditioning of spaces




	
Others 3

	
1

	
0.5

	
0.5

	
Reduced air-conditioning of spaces




	
Others 4

	
1

	
0.5

	
0.5

	
Reduced air-conditioning of spaces




	
Others 5

	
1

	
0.5

	
0.5

	
Reduced air-conditioning of spaces




	
Others 6

	
1

	
1

	
1

	




	
Others 7

	
1

	
0.5

	
0.5

	
Reduced air-conditioning of spaces




	
Others 8

	
1

	
0.5

	
0.5

	
Reduced air-conditioning of spaces
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Table A7. Independent evolution of Care Work 8 sector. The energy consumption of transport activities has an annual percentual variation of 1.5, −13.3 and −20.0 for BAU, GND and D scenarios. And adjustment factor of 0.5 is applied to the heating/cooling activities of GND and D scenarios.






Table A7. Independent evolution of Care Work 8 sector. The energy consumption of transport activities has an annual percentual variation of 1.5, −13.3 and −20.0 for BAU, GND and D scenarios. And adjustment factor of 0.5 is applied to the heating/cooling activities of GND and D scenarios.












	
	2020
	2030 BAU
	2030 GND
	2030 D





	Transport activities by households (ktoe)
	16,197.9
	18,798.4
	3873.9
	1739.2



	Heating/cooling activities by households (ktoe)
	9278.9
	9278.9
	4639.5
	4639.5



	Transport activities by households (ktoe)
	6021.6
	6021.6
	6021.6
	6021.6



	Total primary energy consumption (ktoe)
	31,498.5
	34,098.9
	14,535.0
	12,400.3
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Table A8. Primary energy consumption results for 2030 three scenarios by sectors of economic activity. Absolute values in ktoe and percentual variation between 2020 and 2030.
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BAU Scenario

	
GND Scenario

	
D Scenario




	
Sectors

	
Ktoe 2030

	
% 2020–2030

	
Ktoe 2030

	
% 2020–2030

	
Ktoe 2030

	
% 2020–2030






	
Food 1

	
2801.8

	
0.0

	
1593.7

	
−43.1

	
469.9

	
−83.2




	
Food 2

	
24.6

	
0.0

	
1010.6

	
4007.0

	
2722.2

	
10962.5




	
Food 3

	
0.0

	
0.0

	
0.0

	
0.0

	
0.0

	
0.0




	
Food 4

	
0.0

	
0.0

	
0.0

	
0.0

	
0.0

	
0.0




	
Food 5

	
550.4

	
−11.2

	
441.6

	
−28.8

	
280.6

	
−54.7




	
Food 6

	
2943.1

	
9.8

	
2447.9

	
−8.7

	
2584.5

	
−3.6




	
Food 7

	
70.5

	
103.4

	
82.2

	
137.2

	
25.8

	
−25.5




	
Forestry 1

	
138.6

	
65.2

	
238.3

	
183.9

	
275.7

	
228.5




	
Forestry 2

	
0.0

	
0.0

	
0.0

	
0.0

	
0.0

	
0.0




	
Forestry 3

	
0.0

	
0.0

	
0.0

	
0.0

	
0.0

	
0.0




	
Forestry 4

	
0.0

	
0.0

	
0.0

	
0.0

	
0.0

	
0.0




	
Forestry 5

	
0.0

	
0.0

	
0.0

	
0.0

	
0.0

	
0.0




	
Construction 1

	
693.9

	
5.3

	
584.4

	
−11.3

	
611.6

	
−7.2




	
Construction 2

	
0.0

	
0.0

	
0.0

	
0.0

	
0.0

	
0.0




	
Construction 3

	
3069.5

	
9.4

	
1113.1

	
−60.3

	
897.2

	
−68.0




	
Construction 4

	
723.1

	
30.5

	
267.8

	
−51.7

	
257.3

	
−53.6




	
Construction 5

	
2340.5

	
27.9

	
646.2

	
−64.7

	
351.1

	
−80.8




	
Construction 6

	
0.0

	
0.0

	
0.0

	
0.0

	
0.0

	
0.0




	
Construction 7

	
670.9

	
60.7

	
413.8

	
−0.9

	
402.2

	
−3.7




	
Construction 8

	
232.4

	
39.6

	
83.2

	
−50.0

	
60.8

	
−63.5




	
Care work 1

	
562.3

	
6.4

	
562.3

	
6.4

	
519.9

	
−1.6




	
Care work 2

	
702.3

	
0.0

	
464.9

	
−33.8

	
351.2

	
−50.0




	
Care work 3

	
665.5

	
0.0

	
798.2

	
19.9

	
532.4

	
−20.0




	
Care work 4

	
348.7

	
0.0

	
261.4

	
−25.0

	
174.3

	
−50.0




	
Care work 5

	
46.9

	
102.3

	
49.5

	
113.5

	
18.4

	
−20.9




	
Care work 6

	
196.6

	
24.2

	
158.4

	
0.0

	
158.4

	
0.0




	
Care work 7

	
0.0

	
0.0

	
0.0

	
0.0

	
0.0

	
−11.5




	
Care work 8

	
34,098.9

	
8.3

	
14,535.0

	
−53.9

	
12,400.3

	
−60.6




	
Energy 1

	
10,224.5

	
12.5

	
1559.6

	
−82.8

	
1559.6

	
−82.8




	
Energy 2

	
38,635.9

	
25.5

	
24,626.7

	
−20.0

	
5281.5

	
−82.8




	
Energy 3

	
0.0

	
0.0

	
0.0

	
0.0

	
0.0

	
0.0




	
Energy 4

	
123.0

	
0.0

	
21.1

	
−82.8

	
21.1

	
−82.8




	
Waste 1

	
9.7

	
16.9

	
9.4

	
14.2

	
8.1

	
−1.9




	
Waste 2

	
45.1

	
16.9

	
31.4

	
−18.6

	
31.4

	
−18.6




	
Waste 3

	
9.7

	
16.9

	
7.3

	
−11.2

	
6.9

	
−16.4




	
Waste 4

	
0.0

	
0.0

	
0.0

	
0.0

	
0.0

	
0.0




	
Transport 1

	
567.0

	
7.1

	
247.8

	
−53.2

	
101.7

	
−80.8




	
Transport 2

	
143.5

	
30.0

	
71.1

	
−35.6

	
44.1

	
−60.0




	
Transport 3

	
680.1

	
10.9

	
584.7

	
−4.7

	
515.2

	
−16.0




	
Transport 4

	
109.0

	
0.0

	
18.7

	
−82.8

	
18.7

	
−82.8




	
Transport 5

	
714.1

	
65.2

	
1420.2

	
228.5

	
1420.2

	
228.5




	
Transport 6

	
295.7

	
−54.9

	
295.7

	
−54.9

	
295.7

	
−54.9




	
Transport 7

	
8801.7

	
6.0

	
3287.4

	
−60.4

	
2037.2

	
−75.5




	
Transport 8

	
1031.3

	
−8.8

	
1133.7

	
0.2

	
1031.0

	
−8.8




	
Transport 9

	
6681.8

	
0.0

	
3808.6

	
−43.0

	
1135.9

	
−83.0




	
Transport 10

	
1557.0

	
14.6

	
174.0

	
−87.2

	
174.0

	
−87.2




	
Transport 11

	
521.0

	
24.1

	
425.5

	
1.3

	
385.9

	
−8.1




	
Tourism 1

	
574.4

	
25.8

	
185.7

	
−59.3

	
163.6

	
−64.2




	
Tourism 2

	
574.4

	
25.8

	
228.4

	
−50.0

	
197.9

	
−56.7




	
Tourism 3

	
140.6

	
66.2

	
38.4

	
−54.7

	
31.5

	
−62.8




	
Tourism 4

	
2874.9

	
0.0

	
1092.5

	
−62.0

	
115.0

	
−96.0




	
Industry 1

	
333.4

	
0.0

	
323.2

	
−3.1

	
364.0

	
9.2




	
Industry 2

	
1659.0

	
0.0

	
1659.0

	
0.0

	
1446.0

	
−12.8




	
Industry 3

	
168.2

	
15.9

	
145.1

	
0.0

	
104.2

	
−28.2




	
Industry 4

	
6540.5

	
6.0

	
4172.8

	
−32.4

	
3586.2

	
−41.9




	
Industry 5

	
663.3

	
9.4

	
358.0

	
−41.0

	
606.3

	
0.0




	
Industry 6

	
63.0

	
9.9

	
41.2

	
−28.2

	
32.3

	
−43.8




	
Industry 7

	
5456.9

	
11.6

	
4978.6

	
1.8

	
3640.5

	
−25.5




	
Industry 8

	
567.4

	
24.2

	
184.2

	
−59.7

	
108.9

	
−76.2




	
Industry 9

	
47.7

	
94.3

	
48.0

	
95.8

	
13.0

	
−47.0




	
Industry 10

	
200.6

	
12.0

	
200.6

	
12.0

	
88.4

	
−50.7




	
Industry 11

	
177.7

	
7.5

	
166.6

	
0.8

	
154.2

	
−6.6




	
Industry 12

	
10.2

	
7.8

	
8.0

	
−15.2

	
7.9

	
−16.7




	
Industry 13

	
42.2

	
29.7

	
52.9

	
62.6

	
63.7

	
95.8




	
Leisure 1

	
117.5

	
40.2

	
108.8

	
29.9

	
103.0

	
22.9




	
Leisure 2

	
190.2

	
0.0

	
95.1

	
−50.0

	
95.1

	
−50.0




	
Leisure 3

	
183.4

	
0.0

	
97.2

	
−47.0

	
94.1

	
−48.7




	
Leisure 4

	
153.4

	
0.0

	
190.4

	
24.2

	
153.4

	
0.0




	
ICT 1

	
618.4

	
103.4

	
807.5

	
165.5

	
199.2

	
−34.5




	
ICT 2

	
165.2

	
23.3

	
100.4

	
−25.0

	
64.1

	
−52.1




	
Finance 1

	
300.1

	
38.1

	
150.0

	
−30.9

	
79.1

	
−63.6




	
Finance 2

	
85.6

	
0.0

	
42.8

	
−50.0

	
34.7

	
−59.5




	
Finance 3

	
134.8

	
0.0

	
62.6

	
−53.6

	
53.8

	
−60.1




	
Research 1

	
87.6

	
2.3

	
52.5

	
−38.6

	
43.8

	
−48.9




	
State 1

	
1152.1

	
0.0

	
653.5

	
−43.3

	
564.3

	
−51.0




	
Trade 1

	
1792.1

	
28.0

	
710.9

	
−49.2

	
635.7

	
−54.6




	
Trade 2

	
1508.7

	
15.2

	
700.9

	
−46.5

	
620.0

	
−52.7




	
Trade 3

	
88.7

	
11.7

	
39.7

	
−50.0

	
23.6

	
−70.4




	
Others 1

	
101.3

	
−11.4

	
57.1

	
−50.0

	
57.1

	
−50.0




	
Others 2

	
243.5

	
0.0

	
121.8

	
−50.0

	
110.8

	
−54.5




	
Others 3

	
60.9

	
0.0

	
33.1

	
−45.7

	
25.1

	
−58.9




	
Others 4

	
119.9

	
0.0

	
122.9

	
2.5

	
104.0

	
−13.2




	
Others 5

	
40.3

	
0.0

	
15.2

	
−62.3

	
15.0

	
−62.8




	
Others 6

	
202.1

	
0.0

	
220.4

	
9.1

	
186.5

	
−7.7




	
Others 7

	
147.3

	
0.0

	
117.8

	
−20.0

	
108.7

	
−26.2




	
Others 8

	
0.0

	
0.0

	
0.0

	
0.0

	
0.0

	
0.0
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Table A9. Changes in the distribution of energy products consumption in for 2030 three scenarios.
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Sectors

	
Coal and Secondary Products

	
Petroleum Products

	
Natural Gas

	
Renewables and Waste Products

	
Electricity

	
Heat






	
2030 distribution of energy products in BAU scenario (%)




	
Care Work 1

	
0.23

	
61.13

	
10.99

	
9.23

	
17.66

	
0.23




	
2030 distribution of energy products in GND scenario (%)




	
Food 5

	
0.0

	
98.4

	
0.0

	
1.5

	
0.0

	
0.0




	
Food 6

	
0.6

	
14.1

	
32.3

	
8.0

	
44.9

	
0.6




	
Construction 1

	
0.0

	
6.4

	
18.6

	
48.4

	
26.6

	
0.0




	
Care Work 8

	
0.3

	
34.9

	
12.9

	
9.6

	
41.4

	
0.3




	
Waste 1

	
0.0

	
87.1

	
9.3

	
3.6

	
0.0

	
0.0




	
Waste 2

	
0.0

	
88.5

	
8.3

	
3.2

	
0.0

	
0.0




	
Industry 1

	
0.0

	
14.6

	
30.7

	
0.9

	
53.7

	
0.0




	
Industry 12

	
0.0

	
76.7

	
0.2

	
3.8

	
19.3

	
0.0




	
2030 distribution of energy products in D scenario (%)




	
Construction 1

	
0.0

	
69.8

	
3.5

	
4.0

	
22.4

	
0.0




	
Construction 2

	
0.0

	
97.8

	
0.0

	
2.1

	
0.0

	
0.0




	
Construction 3

	
0.6

	
13.2

	
30.3

	
8.0

	
47.9

	
0.6




	
Construction 4

	
0.0

	
6.4

	
18.6

	
48.4

	
26.6

	
0.0




	
Construction 5

	
0.3

	
24.3

	
15.1

	
10.7

	
48.5

	
0.3




	
Construction 6

	
0.0

	
87.1

	
9.3

	
3.6

	
0.0

	
0.0




	
Construction 7

	
0.0

	
88.5

	
8.3

	
3.2

	
0.0

	
0.0




	
Construction 8

	
0.0

	
14.6

	
30.7

	
0.9

	
53.7

	
0.0




	
Care work 1

	
0.0

	
76.7

	
0.2

	
3.8

	
19.3

	
0.0
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Figure 1. Initial distribution of energy products consumed by each grouped sector. 
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Figure 2. Graphic description of the applied calculation method. 
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Figure 3. GND scenario results. Variation 20202030 over energy consumption and worked hours by grouped sectors. 
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Figure 4. D scenario results. Variation 2020–2030 over energy consumption and hours worked by grouped sectors. 
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Figure 5. Variation on the consumption of energy products 2020–2030 according to scenarios. 
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Figure 6. Comparison between the adjusted consumption of energy products according to the different scenarios. 
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Figure 7. Sensitivity analysis: Adjustment factors variation over primary energy consumption variation. 
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Figure 8. Sensitivity analysis: Increase in annual variation of transport energy consumption on unpaid care work sector over primary energy consumption variation. 
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Table 1. Initial data of primary energy consumption by grouped sectors.
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Grouped Sectors

	
Primary Energy Consumption




	
ktoe

	
% of Total






	
Food

	
6160.8

	
4.67




	
Forestry

	
83.9

	
0.06




	
Construction

	
6432.4

	
4.87




	
Energy

	
39,984.9

	
30.28




	
Waste

	
55.1

	
0.04




	
Transport

	
20,343.6

	
15.41




	
Tourism

	
3872.9

	
2.93




	
Industry

	
14,729.3

	
11.16




	
Leisure

	
610.8

	
0.46




	
ICT

	
438.1

	
0.33




	
Finance

	
437.7

	
0.33




	
Research

	
85.6

	
0.06




	
Administration of the State

	
1152.1

	
0.87




	
Trade

	
2789.8

	
2.11




	
Other services

	
928.3

	
0.70




	
Paid care work

	
2426.7

	
1.84




	
Unpaid care work

	
31,498.5

	
23.86




	
TOTAL

	
132,030.7
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Table 2. Primary energy consumption 2030 results for GND scenario by grouped sectors. Absolute results of primary energy consumption, percentage variations 2020–2030, and weight represented by the variation of each set in the total variation of primary energy consumption.
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Grouped Sectors

	
Primary Energy Consumption 2030-GND




	
ktoe

	
2020–2030 Variation (%)

	
Weight over Total Variation (%)






	
Food

	
5576.0

	
−9.5

	
−1.2




	
Forestry

	
238.3

	
183.9

	
0.3




	
Construction

	
3108.6

	
−51.7

	
−6.6




	
Energy

	
26,207.5

	
−34.5

	
−27.5




	
Waste

	
48.2

	
−12.5

	
0.0




	
Transport

	
11,467.3

	
−43.6

	
−17.7




	
Tourism

	
1544.8

	
−60.1

	
−4.6




	
Industry

	
12,338.3

	
−16.2

	
−4.8




	
Leisure

	
491.6

	
−19.5

	
−0.2




	
ICT

	
907.9

	
107.2

	
0.9




	
Finance

	
255.4

	
−41.7

	
−0.4




	
Research

	
52.5

	
−38.6

	
−0.1




	
Administration of the State

	
653.5

	
−43.3

	
−1.0




	
Trade

	
1451.5

	
−48.0

	
−2.7




	
Other services

	
688.4

	
−25.9

	
−0.5




	
Paid care work

	
2294.7

	
−5.4

	
−0.3




	
Unpaid care work

	
14,535.0

	
−53.9

	
−33.8




	
TOTAL

	
81,859.5

	
−38.0
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Table 3. Primary energy consumption 2030 results for D scenario by grouped sectors. Absolute results of primary energy consumption, percentage variations 2020–2030 and weight represented by the variation of each set in the total variation of primary energy consumption.
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Grouped Sectors

	
Primary Energy Consumption 2030-GND




	
ktoe

	
2020–2030 Variation (%)

	
Weight over Total Variation (%)






	
Food

	
6083.1

	
−1.3

	
−0.1




	
Forestry

	
275.7

	
228.5

	
0.2




	
Construction

	
2580.1

	
−59.9

	
−4.8




	
Energy

	
6862.3

	
−82.8

	
−41.0




	
Waste

	
46.5

	
−15.7

	
0.0




	
Transport

	
7159.5

	
−64.8

	
−16.3




	
Tourism

	
507.9

	
−86.9

	
−4.2




	
Industry

	
10,215.5

	
−30.6

	
−5.6




	
Leisure

	
445.6

	
−27.0

	
−0.2




	
ICT

	
263.4

	
−39.9

	
−0.2




	
Finance

	
167.7

	
−61.7

	
−0.3




	
Research

	
43.8

	
−48.9

	
−0.1




	
Administration of the State

	
564.3

	
−51.0

	
−0.7




	
Trade

	
1279.2

	
−54.1

	
−1.9




	
Other services

	
607.2

	
−34.6

	
−0.4




	
Paid care work

	
1754.6

	
−27.7

	
−0.8




	
Unpaid care work

	
12,400.3

	
−60.6

	
−23.6




	
TOTAL

	
51,256.6

	
−61.2
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Table 4. 2030 results on primary and final energy consumption per capita according to the different scenarios.
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	BAU
	GND
	D





	Primary energy consumption (GJ/cap)
	130.3
	71.8
	44.9



	Final energy consumption (GJ/cap)
	79.6
	44.6
	36.8
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Table 5. Main 2020–2030 variation results of energy consumption, and hours worked according to the different scenarios.
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2020–2030 Scenarios Variation Results (%)




	
BAU

	
GND

	
D






	
Primary energy consumption

	
13

	
−38

	
−61




	
Final energy consumption

	
7

	
−40

	
−51




	
Hours worked

	
6

	
2

	
1
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