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Abstract

:

The Spanish agri-food industries face a new energy context radically different from the one existing less than a year ago. A comparable situation is occurring in other European countries. The great variability and different seasonality of the agro-industries condition the adaptation measures to be implemented. This article quantifies the impact of the new energy context on real industries with quite different consumption patterns. More than 1000 scenarios have been analysed to determine the effectiveness of adaptation measures. The study results demonstrate the critical situation to which the sector is subjected. The new tariff system affects the agri-food sector in an unequal way, benefiting industries with marked seasonality. In just one year, the electricity bill has increased between 62% and 151%. The savings generated by implementing measures such as optimising contracted power to a new hourly discrimination system (up to 6%) or shifting consumption to lower-cost periods (up to 21%) do not seem sufficient. If prices do not fall drastically, immediate installation of generation systems, such as photovoltaic panels, appears essential to maintain the viability and competitiveness of the sector.
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1. Introduction


In the European Union, the agri-food industry represents more than 15% of the manufacturing industry, with a turnover of more than 1,205,000 million euros [1]. In Spain, its importance is increasing, being the leading manufacturing branch of the industrial sector, with 23.3% [2].



This importance means that the food and beverage industry was responsible for the highest industrial energy consumption in 2019, 18.5%, more than 2 billion euros [2]. The sector’s high electrical energy consumption stands out, with almost 60% of the total, exceeding 90% in some agro-industries, such as wineries. This consumption also has the peculiarity of being highly seasonal in many subsectors, reflecting agricultural production.



Therefore, the substantial change in the energy context has had an enormous impact on the sector. The new Spanish electricity tariff system, which came into force in June 2021, together with the increase in the price of electricity and gas, has led to a significant rise in the energy bill for many agribusinesses, limiting their viability and competitiveness.



Furthermore, the limited electricity interconnection capacity in some countries, such as Spain, means that prices on the electricity market are higher than in many Member States. This means that the electricity-consuming industries face competitive problems due to their higher energy costs [3].



Numerous previous studies have focused on reducing electricity bills through different measures: optimisation of contracted power, both at the residential level [4] and for large consumers and industries [5,6]; managing peak electricity loads on manufacturing lines [7]; automated analysis of electricity bills for large companies [8]; implementation of renewables to reduce the amount of the bill for buildings [9], etc. There are also previous works regarding the design of tariff systems [10], the effect of the subsidised electrical energy tariff on residential energy [11], and so on.



Despite the great scientific interest in energy markets [12], there is no evidence of recent studies that analyse the current energy context with its drastic changes. Nor have previous studies focused on the agri-food industry and its differentiating characteristics from other sectors. Given the seasonality of the production of many industries and processes, the new hourly discrimination system, the variation of energy prices, and contracted power will affect them unevenly.



A period is beginning in which rapid adaptation to the new context will be key to maintaining the competitiveness of many companies. The highly fragmented nature of the agroindustrial sector—96.1% of the more than 30,500 companies have fewer than 50 employees, and 79% have fewer than 10 [2]—makes it difficult to adapt and implement measures to control energy bills and improve energy efficiency.



This study evaluates the change to a new tariff system (which makes the power term cheaper and the energy term more expensive) and the increase in electricity prices.




2. New Energy Context


2.1. New Tariff System


In Spain, the final amount of the electricity bill is due to different components: network access tolls (remuneration to maintain the electricity transmission and distribution networks), charges (financing of renewables, tariff deficit, extra costs of non-peninsular territories), value-added tax (VAT), a special tax on electricity, cost of energy, profit margin of the retailer, and rent for metering equipment. Most of these costs have regulated prices.



Electricity tariffs are directly linked to network access tolls. The toll structure was established by the National Markets and Competition Commission (CNMC), as well as the price of the tolls in each period. And this same structure is adopted by the Ministry of Ecological Transition and Demographic Challenge (MTERD) in what it calls tariff segments, applying the charges and capacity payments for these same periods.



The new tariff system started to materialise in January 2020, when the CNMC Circular 3/2020 [13] was published, establishing the new tolls and the calculation methodology. Due to COVID-19, the entry into force of the new tolls was delayed for almost a year. On 9 March 2021, the MTERD published the methodology for calculating the charges [14]. A few days later, the CNMC published the values of the new tolls [15], and on 19 April, the Ministry did the same with the charges and capacity payments [16].



The change in tariffs has been motivated to discourage consumption during periods of greater grid overload and encourage the development of electrification and electric vehicles. It is based on the criteria of sufficiency (financed by remuneration), economic efficiency (principle of causality of network costs, paying more when it costs more), transparency and objectivity (published calculation methodology), and nondiscrimination (same characteristics within each tariff group).



In this new tariff system, all tolls introduce hourly discrimination, encouraging the use of networks in periods when saturation is lower. Most small and medium-sized agro-industries (15 kW < P < 450 kW) go from having 3 periods (old 3.0A and 3.1A tariffs) to having 6 periods of energy and power (3.0TD and 6.1TD tariffs). There are different variability factors: five geographical areas (mainland Spain, Balearic Islands, Canary Islands, Ceuta, and Melilla); four seasons where consumption is penalised in the months of highest demand (high, medium-high, medium, and low); different periods for weekends and public holidays.



Although this type of tariff has six periods, each month there are only three periods involved, with the timetables remaining the same throughout the months. In mainland Spain, the most expensive hours each month are from 9:00 to 13:59 and from 18:00 to 21:59, from Monday to Friday. Overnight (00:00 to 07:59) and weekends are the cheapest of the 6 existing periods. The rest of the day corresponds to the intermediate period (Figure 1).



In the new tariff system, there has been a significant variation in the number of daily hours in each period, with the lowest and highest cost hours gaining importance and the intermediate cost hours losing importance.



Furthermore, the price of tolls and charges, which have a direct impact on the last price offered to the consumer, has undergone a radical change. The tolls plus energy-related charges (€/kWh) tripled in just one month. Thus, for example, high-voltage supplies went from 0.014 (P1), 0.013 (P2), and 0.008 (P3) in May 2021 to 0.051 (P1), 0.039 (P2), 0.022 (P3), 0.012 (P4), 0.004 (P5), and 0.003€/kWh (P6) in June 2021.



On the other hand, the tolls and charges for the power term (€/kW yearly) have undergone a not insignificant reduction, although limited by having to pay for 6 periods instead of only 3. Thus, the high voltage supply went from 59.173 (P1), 36.491 (P2), and 8.368 (P3) to 30.536 (P1), 25.895 (P2), 14.909 (P3), 12.095 (P4), 3.939 (P5), and 2.109 €/kW yearly (P6).




2.2. Price Increases


The increase in tolls, charges, and other regulated costs led to an initial rise in the price of energy (€/kWh) offered to the consumer. As a reference, the evolution of the prices offered by a marketing company for the high-voltage supply [17]: from values close to 0.092 (P1), 0.086 (P2), and 0.069 €/kWh (P3) before the tariff change, to 0.171 (P1), 0.147 (P2), 0.117 (P3), 0.097 (P4), 0.083 (P5), and 0.077€/kWh (P7) with the new system (Figure 2a).



However, this first increase has been dwarfed by the unstoppable rise in electricity prices in wholesale markets. Less than a year later, in March 2022, bid prices have quadrupled: 0.340, 0.310, 0.291, 0.267, 0.243, and 0.231 €/kWh for P1, P2, P3, P4, P5, and P6, respectively (Figure 2a). This is so despite the fact that during the last few months, the special tax on electricity and the tolls and charges were reduced to mitigate the strong impact on the bill. It should also be noted that the price increases occurred prior to the conflict in Ukraine, which is expected to affect the energy production sector.



On the other hand, the power term offered to customers has been reduced concerning the old system, passing on the reduction in tolls and charges. Thus, for example, from 59.167 (P1), 36.464 (P2), and 8.359 €/kW (P3) yearly to 24.732 (P1), 21.529 (P2), 12.320 (P3), 9.897 (P4), 2.834 (P5), and 1.571 €/kW yearly (P6) (Figure 2b). However, it is necessary to clarify that previously 3 periods were paid, and the new tariffs for all 6 are paid monthly.



In short, the new tariff system attempts to encourage consumption during periods of lower network overload. At the same time, there has been a strong change in prices, making the power term cheaper and the energy term more expensive (especially during peak demand hours), with the overall result of a strong increase in electricity costs.





3. Materials and Methods


3.1. Calculation of Electricity Bill


The calculation of the amount of the annual bill was carried out using Microsoft Excel and Visual Basic for Applications (VBA) programming. In each scenario analyzed, the calculation conditions set out in the regulations, and the values of the energy and power terms for the corresponding date were considered.



The tariff system of the electricity supply companies has been reproduced for the power range of most agro-industries, including penalties, electricity tax, meter rental, VAT, etc.



The energy term is calculated by multiplying the kWh consumed in each period by the energy price for that period (€/kWh).



The billing of power varies from the old system to the new one. In the former system, the amount corresponding to power included both the contracted power and the penalties for excesses. Thus, if there are excesses, the billed power (Pb, kW) that multiplies the power term in each period (€/kW) is higher than the contracted power (Pc, kW). The power demanded (Pd, kW) is increased by twice the difference between it and 1.05 of the contracted power, according to Equation (1). On the other hand, at least 85% of the contracted power will be billed, even if the power demand is lower.


   P b    k W   =  P d  + 2    P d  − 1.05 ·  P c     



(1)







In the new system, the billing of the contracted power is separated from the penalty for excess power (Pep, €). On the one hand, the contracted power is billed by multiplying it by the price per kW for each period. For the usual power ranges of agro-industries, excess power is billed according to the number of times the contracted power is exceeded and not according to the maximum register. All the power demanded is checked every 15 min, and those that have exceeded the contracted power are billed (n quarter-hour intervals). Thus, in each period, the penalty for excess power is calculated according to Equation (2).


   P  e p    €  =  K P  ·  t  e p   ·     ∑   j = 1  n       P  d j   −  P c     2     



(2)




where Kp is a coefficient that varies according to the period and tariff type (e.g., from 1 in P1 to 0.026 in P6 in the analysed industries); tep is an excess power term currently worth 1.4064.



The optimisation of the contracted power was carried out using the Solver tool, conditional on obtaining the minimum annual amount.




3.2. Analyses Performed


To assess the impact of the new energy context on the agri-food sector, a three-pronged approach has been adopted:



3.2.1. Analysis of Four Real Industries with Quite Different Consumption Patterns


First, an analysis of the consumption of real industries, representative of their corresponding sectors, was carried out. Agro-industries with very marked and different patterns have been selected.



The quarter-hourly consumption data have been obtained thanks to collaborations in previous projects, such as the European projects TESLA (Transferring Energy Save Laid on Agroindustry) and Scoope (Saving COOPerative Energy); specifically:




	(a)

	
Winery: pattern of consumption with strong seasonality in the early autumn. There is a peak in the energy consumption and power required by the processing machinery. Additionally, at this time of year, activities are common on weekends. Pattern: strong seasonal consumption in summer-autumn.




	(b)

	
Oil mill: like the winery, but with the months of highest demand in winter, coinciding with the olive harvest. Pattern: strong seasonal consumption in winter.




	(c)

	
Fruit and vegetable packing-house: relatively constant demand throughout the year. The consumption of refrigeration equipment is evident on all days of the week, with moderate power maintained throughout most of the day. Pattern: stable consumption throughout the year, with no power peaks during each day.




	(d)

	
Feed mill: constant demand throughout the year, concentrated from Monday to Friday during working hours. It is characterised by high-powered equipment, usually operating for a small number of hours per day. Pattern: stable consumption throughout the year, with power peaks each day.









The four selected industries have a similar annual consumption between 106,950 and 123,764 kWh. To maintain the same reference frame, the annual consumption of each industry has been unified at 115,000 kWh. For this purpose, the consumption data (energy and power) for the different periods were extrapolated by applying a small global correction factor, maintaining the same distribution of consumption and power demanded. The corrected factor applied was 0.929 in the winery, 1.075 in the oil mill, 0.945 in the fruit and vegetable packing-house, and 1.051 in the feed mill.



Figure 3 and Figure 4 summarise the monthly consumption and maximum power demand, highlighting the differences in their demand patterns. Figure 5 shows the distribution of consumption in the different periods of the new tariff system, obtained from the consumption curves by a quarter of an hour.



The analysis is based on three reference scenarios: the first one with the old pricing system and the other two with the current pricing system. The first scenario uses prices from May 2021 for a full year as a starting point for assessing changes. The second scenario uses prices from July 2021; it is intended to quantify the impact of the change in the tariff system. The third scenario uses prices from March 2022, allowing us to quantify the impact that the substantial increase in the price of energy in recent months will have on industries that sign new contracts, renegotiate their contracts, or have contracts with variable prices depending on the market.



In all scenarios, the contracted power has been optimised, calculating the values that minimise the annual amount of the bill.




3.2.2. Sensitivity Analysis of the above Consumption Patterns


In each of the industries, 231 additional scenarios have been analysed. The consumption pattern for each month has been modified, with different percentages of distribution between the most expensive, intermediate, and cheapest hours. The aim is to quantify the potential savings generated by changing consumption habits and shifting to lower cost periods. In addition, to analyse the impact of potential future variations regarding energy price, it has been modified from −50% to +50%, with an interval of 10%.




3.2.3. Sensitivity Analysis in Fictitious Industries with Different Seasonality


Finally, the energy cost of different seasonal consumption patterns has been quantified. For this purpose, a fictitious industry was used, with the same annual consumption as the real industries analysed (115,000 kWh). A maximum monthly demand of 50 kW was assumed for all periods. The same distribution of consumption between expensive, intermediate, and cheap hours has been assumed.



The different consumption patterns analysed are: concentrated consumption during half a year (January–June, July–December, April–September, and October–March), with the rest of the year without consumption; in quarters (Jane–March, April–June, etc.) and over two months (January–February, March–April, etc.)



For each of the defined seasonal patterns, 10 additional scenarios were analysed, modifying the energy price. In total, 154 scenarios were analysed.






4. Results


4.1. Impact of the 2021 Tariff Change


The period of adaptation to the new tariff system may affect companies in the sector unevenly. Most industries will not experience significant variations in their bill if they adapt their contracted power to the new system. The lower penalty on the power term offsets the increase in the energy term.



However, industries with very marked seasonality and consumption peaks in the months with lower prices, such as the winery analysed, take greater advantage of the drop in the fixed power term (Figure 6).



In the winery, fixed costs decrease from 14.7 k€ to 6.5 k€ (a reduction of 56%), benefiting from the lower penalty in the months without production. With peak consumption in September and October (the lowest-cost months), the amount of energy hardly increases compared to the former system (1%). As a result, an annual savings of 31% is achieved in the electricity bill compared to the former tariff system.



The oil mill’s peak consumption occurs in months with higher power and energy costs. As a result, it hardly benefits from the lower penalty in the off-season months due to seasonality. Although the amount of power is reduced by 26%, it is neutralised by the 19% increase in the energy term, with a reduction in the annual bill of barely 3%.



In the fruit and vegetable packing-house, the lower contracted power limits the savings achieved with the power term, with an annual amount similar to that which would have been maintained in the old system.



In the case of the feed mill, with higher power demand, the savings would reach 7% per year (Figure 6).



All results are based on scenarios with optimised contracted power. The annual amount of the bill will be higher if the contracted powers are not adapted to the new hourly discriminating system. By not requesting a change, the contracting powers of the old system are assigned to the new one: P1 → P1; P2 → P2, P3, P4, and P5; P3 → P6. Thus, maintaining the contract powers of the former system, the variation of the bill would be −26% for the winery, +3% for the oil mill, +5% for the fruit and vegetable packing-house, and +10% for the animal feed factory (Figure 7). In other words, the bill can be reduced by between 5% and 15% compared to the scenario without optimisation. Many industries are likely paying these increases as they do not know how to adapt their power to the new system of hourly discrimination with monthly variations.



In short, this type of change in the tariff system (which makes the power term cheaper and the energy term more expensive) should not increase the cost of the electricity bill if the contracted power is adapted to the new hourly discrimination. Seasonal industries with consumption peaks in the months with the lowest energy costs can take advantage of the change in the system to significantly reduce their electricity costs (31% in the winery analysed).




4.2. Impact of the Electricity Price Increase Experienced So Far (March 2022)


The tremendous increase in energy prices on wholesale markets has magnified the potential to improve the new tariff system. All industries whose prices are subject to wholesale market variations, who must sign new contracts, or whose prices are updated, will have to assume a much higher annual amount than what they would have paid a year earlier.



Thus, the winery would pay 62% more than under the former tariff system, compensating a part of the huge increase in the energy price (from 12.1 k€ to 37.6 k€) with the reduction of the power term (Figure 6). The annual amount in the oil mill increases by 103%, penalised by months of higher costs (from 12.3 k€ to 41.4 k€ in the energy term). The fruit and vegetable packing-house increases by 151%, since in the former system it was the one that paid the least for power. The animal feed factory increases by 89%.



The amount in euros that can be achieved by optimising the power is like that obtained with the July 2021 prices. However, considering that the fixed term reduces its importance, the percentage of savings that can be achieved compared to the total decreases, with a maximum of 6% (Figure 7).



If all costs finally paid by the consumer (taxes, charges, etc.) are transferred to the average annual price per kWh consumed, the following average values result: 0.38 €/kWh in the winery, 0.43 €/kWh in the oil mill, 0.37 €/kWh in the fruit and vegetable packing-house, and 0.43 €/kWh in the animal feed mill.



Such high prices require immediate corrective measures to maintain the sector’s viability.



In industries with relatively constant demand throughout the year, the implementation of Photovoltaic (PV) could be a solution, as shown in previous studies [18]. The constant demand pattern allows the energy generated by PV to be used throughout the year, leading to greater profitability.



Another alternative to mitigate the current high prices could be the use of generators. Considering the current price of diesel (1.1 €/L; approximately 0.12 €/kWh), the payback on the purchase of gensets could be less than one year, depending on the relationship between the prices of the different energy sources. Gensets would be better suited to the seasonal pattern; as equipment with a lower investment cost than PV, they can be profitable with fewer operating hours per year.



These changes in generation (photovoltaic/gensets) can have a particularly important impact on the energy costs of industries. The consumption patterns defined in this study show guidelines for using one system or the other.




4.3. Sensitivity Analysis of the Distribution of Consumption between Periods


Shifting consumption to lower-cost periods of the month is another measure that helps to reduce the amount of the bill. It is a clear option that industries can evaluate in the face of rising electricity prices: shifting consumption to night or weekend hours. However, it is necessary to quantify the potential savings to determine whether it is worth making changes in the production process or the organisation of work shifts. For this purpose, different fictitious consumption distributions have been analysed. The starting point is a scenario with all consumption concentrated in the lowest cost period of each month, progressively shifting it to more expensive periods, first to the intermediate and then to the highest cost period until reaching 100%.



Given the volatility of prices, the analysis has been carried out for different scenarios of variation in the price of the current energy term.



The maximum potential improvement, shifting all consumption in the expensive period to all consumption in the lower cost period, ranges from 23% (+50%€/kWh) to 29% (−50%€/kWh) in the winery, 32–35% in the olive mill, 24% in the fruit and vegetable packing-house, and 26–29% in the feed mill (Figure 8).



However, based on the actual scenario, the potential improvement is smaller. If the industries were able to shift all consumption to the lowest-cost period each month, the savings generated compared to the March 2022 scenario would be 16% in the winery, 21% in the oil mill, 14% in the fruit and vegetable packing-house, and 19% in the feed mill. The differences between the distinct types of industries are due to the existing original distribution, their proximity to the ideal scenario of all consumption in P6, and penalties for overruns. As can be seen, this concept can contribute to mitigating the cost increase but cannot solve it, even with drastic changes in production schedules.




4.4. Sensitivity Analysis of Seasonal Changes in the Demand Pattern (Dummy Industries)


After studying the demand of four real industries in-depth, a sensitivity analysis of other annual consumption distribution patterns is proposed, which can be used as a reference for other industries or agricultural and livestock holdings. As in the previous analysis, given the volatility of prices, the analysis has been carried out for different scenarios of variation in the price of the current energy term.



If consumption periods are seasonal, industries that concentrate their consumption in spring (Apr–Jun) are less penalised than those in winter, autumn or summer, as they coincide with the months with the lowest power and energy costs (Figure 9).



If consumption is bimonthly, the bill can be reduced by up to 12% in May-Jun or Sep-Oct compared to Jan-Feb. When consumption is concentrated over half a year, the differences between periods are not very significant. Again, as in the previous section, the reductions achieved are not important enough to solve the problem.





5. Discussion


5.1. New Tariff System


With the substantial change in the Spanish tariff system, most industries and farms in the sector have quite different tariffs, with seasonality and 6 periods that change throughout the months instead of the same three periods every month. Hourly discrimination changes, with the lowest- and highest-cost hours gaining importance and the intermediate-cost hours losing importance.



In addition, the price of the energy term has increased significantly (€/kWh) compared to the former tariffs. On the other hand, the power term (€/kWh) has undergone a significant reduction.



This new tariff system affects the agri-food sector in an unequal way. Seasonal industries with consumption peaks in the months with the lowest energy costs can take advantage of the change in the system to significantly reduce their electricity costs (31% in the period analysed). To do this, it is necessary to have contractually maintained fixed prices for the energy term (€/kWh) from June 2021.



In most agro-industries, this type of change in the tariff system (which lowers the power term and makes the energy term more expensive) should not imply an increase in the cost of the electricity bill if the contracted power is adapted to the new hourly discrimination.




5.2. Energy Price Increases


The huge rise in the price of energy on wholesale markets has dwarfed the potential for improving the new tariff system. All industries that have market-indexed prices must sign new contracts or have had their prices updated at the beginning of the year, or they will assume dramatic increases compared to the previous year. These increases range from 62% to 151% in the industries analysed.



Considering all fixed costs, taxes, etc., the average annual price per kWh consumed is 0.38€/kWh in the winery, 0.43 €/kWh in the oil mill, 0.37 €/kWh in the fruit and vegetable packing-house, and 0.43 €/kWh in the feed mill.



The current situation, aggravated by the war in Ukraine, seems to indicate high prices for the coming months or even years. To mitigate the impact of the exorbitant price, measures must be implemented urgently.



Constant hourly discrimination throughout the year should make it easier for industries to plan peak consumption activities, shifting them to lower-cost periods where possible. Agro-industries with the connection of powerful process machinery during limited hours, such as feed mills, are better candidates to implement this measure. Based on the actual scenarios analysed and shifting all consumption to the period of lowest monthly cost, the savings generated would be between 14% and 21%. These reductions are not especially important, so this concept is one more that contributes to mitigating the cost increase; but it cannot solve it, even with drastic changes in production schedules.





6. Conclusions


The agri-food industries are facing a new energy context radically different from what existed less than a year ago due to the tariff change in June 2021 and the increase in the price of energy in wholesale markets. Rapid implementation of adaptation measures may be key to maintaining the competitiveness and viability of the sector in the short- and medium-term.



In just one year, electricity bills have increased by up to 150%. The savings generated by implementing measures such as optimising contracted power to a new hourly discrimination system (up to 6%) or shifting consumption to lower cost periods (up to 21%) do not seem sufficient.



Once the possibilities of the tariff system have been studied, the best options seem to point to the installation of electricity generation systems in industries. The consumption patterns defined in this study show the guidelines for using one system or the other.



In the current context, using diesel gensets can lead to significant savings in the short term. With the current price of diesel fuel close to 1.1 €/L (around 0.12 €/kWh), the purchase of generating sets could become profitable in less than one year, depending on the prices of the different energy sources. Gensets would be better suited to industries with high seasonality.



Implementing renewable energy could be the solution in many industries, especially in non-seasonal industries. For example, the fruit and vegetable industry analysed seems to be an excellent candidate. Its relatively constant demand throughout the year, with peaks during summer and at the central hours of the day, is adapted to energy production in photovoltaic installations. Before investing in generation, all general techniques of efficiency in electricity consumption should have been previously applied.



In addition to measures implemented by individual industries, the reduction of VAT and other regulated costs by the government should be a measure considered to maintain competitiveness until prices normalise.



If all of the above measures are not enough, the final consumer will be forced to bear part of the solution through the necessary increase in the selling price of products.



Although the study focuses on the agro-food industries, many of the proposed adaptation measures and the results shown in the sensitivity analyses could be extrapolated to all types of agricultural and livestock farms, being useful for their energy adaptation.
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Figure 1. Time-discriminating 6-period tariffs in mainland Spain. 
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Figure 2. Evolution of the price of electricity offered to the consumer (a) energy term: €/kWh; (b) power term: €/kW yearly. 






Figure 2. Evolution of the price of electricity offered to the consumer (a) energy term: €/kWh; (b) power term: €/kW yearly.



[image: Agronomy 12 00977 g002]







[image: Agronomy 12 00977 g003 550] 





Figure 3. Evolution of the monthly energy consumption of each of the industries analysed. 
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Figure 4. Maximum monthly power demanded in the industries analysed. 
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Figure 5. Monthly energy consumption broken down into the different periods of the new tariff system. 
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Figure 6. Annual electricity bill amount under three different scenarios and prices, with optimised contracted power: former tariff system with prices as of May 2021, current tariff system with prices as of July 2021, and current tariff system with current prices as of March 2022. 
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Figure 7. Annual electricity bill amount under three different scenarios and prices, maintaining the contracted power of the former tariff system: former tariff system with prices as of May 2021, current tariff system with prices as of July 2021, and current tariff system with current prices as of March 2022. 
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Figure 8. Annual electricity bill in scenarios with different consumption distribution (% in the lowest cost period, % in the intermediate period, and % in the high-cost period). For each reference scenario, the variation in the price of the energy term is analysed. 
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Figure 9. Amount of the annual bill of a fictitious industry with an annual consumption of 115,000 kWh, according to different consumption patterns: concentrated in the 4 seasons, in 2-month periods, and in 6-month periods. 
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