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Abstract

:

The term “water-energy nexus” has remarkable implications in the sustainable management of water resources. The aim of this paper is to analyse the production of electricity, from an economic and technical perspective, using the water footprint and economic water productivity approaches. After comparing the percentage of contribution of fossil and renewable sources to the production of the electricity sector, the study then compares the percentage of contribution of fossil and renewable sources to the consumptive water footprint of Italian electricity production for each year analysed. Furthermore, distinguishing between renewable and fossil sources, the paper proceeds to assess the total consumptive water footprint generated by each energy source for the electricity production in Italy during the period 2007–2016. The study represents an original contribution for the identification of policies and managerial implications in the context of the energy sector, serving as a practical guide. The results, in fact, confirm the need for scientific and practical efforts to manage electricity production in an integrated perspective and provide a first glance at addressing the optimal design of energy source mix in the Italian regulation context, contributing to reducing the water footprint, without ignoring the economic aspects.
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1. Introduction


The challenge of sustainability was officially launched forty years ago, in 1987, thanks to the Report of the World Commission on environment and development: “our common future” [1]. The modern concept of sustainability was developed not only in the environmental dimension but on economic and social levels too [2]. Since 1987, many efforts have been made but there is still the need to complete the transition to sustainability with innovation processes, observation and analysing theories, policies and best practices [3]. One of the most important sectors called to manage this transformation is surely the energy sector [4], involving public policies [5] and company strategies where, for the latter, environmental technologies could also create competitive advantages [6,7]. Energy production has a remarkable negative impact on the natural environment, especially if the production comes from fossil fuels [4]. In addition, the exploitation of fossil fuels needs to be analysed considering all fuel cycles: intended as exploration, extraction, preparation, transformation, transportation, storage, etc. [8].



On the other hand, there are beneficial effects evaluating renewable sources, where all three of the above-mentioned dimensions of sustainability are positively influenced [9]. The renewable choice could also solve the problem of resource dependence of a few countries in the world [10], generally where oil and/or natural gas are located. Considering electricity, even if the positive effect of green electricity on local economy has already been highlighted and the possibility for consumers to make a different choice has been offered [9], currently, production still has a relevant share coming from fossil fuels, widely recognized as sources to be replaced [11]. Surely, the renewable option is a positive option but there is need for proper investigation before its adoption, specifically aiming at identifying pressure on the environment and avoiding possible imbalances [12,13].



Evaluating the latest data available on world electricity production referring to 2015 provided by the International Energy Agency [14], renewable sources only account for 23.1% (hydro 16.0% and non-hydro renewables and waste 7.1%) and 76.9% is dependent on fossil fuels, including nuclear power (oil 4.1%; nuclear 10.6%; natural gas 22.9%; coal 39.3%). It is not a great result if compared with data of more than 40 years ago. In 1973, in fact, of 6131 TWh total production, renewable sources made up 21.5% (hydro 20.9%; non-hydro renewables and waste 0.6%). Connected to this emergency, in recent years another urgency has come up, related to a strategic natural resource used in energy production. It is water scarcity, considered a key source in this point of view [15]. Freshwater scarcity opened an important debate in the field of sustainable water management [16,17,18,19,20]. Focusing on electricity, water use is used for all kinds of productions, above all for cooling in thermoelectricity [21,22,23,24,25].



Thanks to this very close relation, the term “water-energy nexus” was coined, with remarkable implications in the management of a real precious resource such as water [26,27]. Moreover, the situation has further worsened due to increasing periods and zones of arid weather [28]. This condition requires that, in a short time, the problem of water scarcity in electricity generation needs to be investigated, to find proper recommendations for companies and policy makers, focusing in particular on the impact of renewable and non-renewable sources.



In the following analysis Italy has been chosen as area of study for different reasons. Firstly, Italy reveals a minimum presence of fossil feedstock and a consequent relevant dependence on resources from abroad. Considering the last report of Unione Petrolifera [29], on 2016 national oil balance, the import of fossil fuels accounts for 92.6%. Moreover, in 1999 there was the reform in electrical sector with the complete liberalization of electricity production, followed by important programs of incentives for renewable energy.



Evaluating the last 10-year period, the aim of this paper is to analyse the production of electricity, from an integrated economic and technical perspective, using the water footprint and economic water productivity approaches.




2. Background


2.1. The Electric Energy Sector in Italy


One of the most remarkable events in Italian electricity market could be the liberalization process started, as already mentioned, in 1999, thanks to a regulatory instrument, the Legislative Decree 16 March 1999, No. 79. From this “historical” moment, the electricity market gradually evolved in all stages of the supply-chain, from production to end consumers. Thanks to this change, production and sales became completely liberalized, while distribution was converted into locally licensed businesses. Moreover, related to the electricity transmission grid, there is substantially only one operator, Terna S.p.A., a company for which the Italian Ministry of Economy and Finance is the main shareholder. Distribution and transmission grids are natural monopolies and this is the reason for which their management has been concentrated in few operators.



To facilitate this global transformation, above all in the green perspective, important economic measures were provided for producers. Plants powered by renewable sources—with the exception of photovoltaic ones—were supported by the introduction of “Certificati Verdi” (from 1999 to 2015) and “Tariffa omnicomprensiva” (not yet expired since it will produce incentives until 2027), while photovoltaic installations received remarkable contributions from “Conto Energia” (available from 2003 to 2013). Currently, these measures have expired and been replaced by other policies, even if the latter do not have the same economic benefits of those above-mentioned. Definitely all measures adopted have had the goal to accelerate, concretely, the growth of green electricity in Italy, while promoting competition and efficiency among operators. Considering the last data available, referred to 2016, green electricity represents more than one third of the total gross production, even if there has been a decrease in the last two years [30].



Following the last report of the Italian Regulatory Authority for Electricity, Gas and Water, the total number of electricity producers is 13,311 (the total for thermoelectric is 398, while for renewable it is 12,671) but, coming from a monopolistic context, there is a high concentration. The previous monopolistic company, Enel S.p.A., has a share of 22.1% and the first 12 companies manage almost one third of all electricity generated in Italy. Focusing on green electricity, all geothermal and almost all hydropower plants are managed by major companies, as shown in Table 1, while wind and photovoltaic generation are more fairly distributed [31]. Thanks to the aforementioned incentives, many little renewable plants were born, giving the possibility to household consumers, in the photovoltaic context, also to become producers, with small installations of a capacity from a minimum of 1 kW to 2 or 3 kW.




2.2. The Water Footprint and Economic Water Productivity Approaches


Quantitative indicators represent the most useful tools to assess complexity of managing freshwater system in a sustainable way, supporting policy and decision makers. Since the abundant number of indicators in the scientific literature have different intended use, end-users and geographic scale of application, it becomes difficult to identify suitable assessment methods. Notwithstanding, a lot of them are useful in evaluating scenarios and identifying trade-offs, rather than merely assessing and monitoring existing conditions [32].



In particular, the WF is an indicator of demand for water resources from both production and consumption perspectives [33,34]. The WF approach considers the place where water is consumed, the type of water used and when it is used. In fact, WF measures can be computed for given areas, regions or even for nations and can be divided into three different components: the blue fraction, which refers to the use of fresh surface water or groundwater; the green fraction, which indicates the use of water derived from precipitations on land that do not feed the runoff or recharge of groundwater, remaining temporarily on the surface of vegetation [35]; and finally the grey fraction, representing the volume of freshwater necessary to dilute pollutants to such a level that the ambient water quality remains above a given quality standard [36].



Concerning the time in which water is consumed, even if generally the WF refers to a year, it is possible to determine a WF time series, in order to assess how water pressures evolve over time [37].



Many scientific efforts have been made to face issues regarding sustainable water resource management, revealing the usefulness of WF in assessing production process factors which cannot be solely captured by monetary indicators [38].



In addition to, and in strict connection with, WF, the water productivity concept (WP) has no common definition [39] but generally refers to the ratio of the net benefits from a human production activity to the water quantity needed to produce those benefits. WP expressed in ton/m3 is simply the inverse of the WF expressed in m3/ton.



Since expressing WP in physical terms does not give insight about economic aspects related to water use, it is useful to compute economic water productivity (EWP) [19], defined as the value derived per unit of water used [40,41].





3. Materials and Methods


The water footprint of electricity, indicated by WFe and expressed in m3 TJe−1, refers to the volume of water consumed and polluted at different stages of the production process.



In line with established scientific literature about the water footprint [42], the study distinguishes between three main stages of electricity production: fuel supply, construction and operation. The fuel supply stage is relevant only when electricity is produced using coal, oil, gas or other fuels. In the case of renewable energy sources only the construction and operation stages are considered.



The absolute water footprint of electricity (WFe), expressed as the total volume of water consumed during the production process per gross unit of electricity produced, depends mainly on the source of energy used.



For the aim of this study, fossil and renewable energy sources supporting Italian electricity production have been considered. In particular coal, conventional oil, natural gas, hydropower, photovoltaic, wind and geothermal were selected among energy sources whose data is needed for this research and have been previously observed and are annually available for the analysed period of time.



Because of the lack of data, not all energy sources that support Italian electricity production have been considered in this assessment. The study does not consider biomass sources, concentrated solar power, nuclear and pumping stations, which are a specific type of hydropower.



The period, analysed in this study, goes from 2007 up to 2016 because these years are the only ones when complete and reliable data for the variables used in our framework could be found.



In particular, the analysis is based on four fundamental variables: electricity production (E), water footprint of the fuel supply (WFe,f); water footprint associated with the construction phase of power plants (WFe,c), water footprint of the operational phase (WFe,o) and the price of electricity (Pe).



These variables could be considered as the most important dimensions affecting water sustainability in the electricity sector, since they enclose energy yield related to different sources, water pressure deriving from them and economic attributes.



Electricity production data (E) have been extracted from the statistical report on energy in Italy [30] and are measured by the gross production expressed in Gigawatt hours (GWh), as is shown in Table 2, subsequently converted into Terajoules (TJe).



The average data on water footprint (WFe) for the different stages of electricity production, reported in Table 3, have been extracted from Mekonnen et al. [42] and have been measured in Terajoules per gross unit of electricity produced (m3/TJe).



Price of electricity (Pe) has been collected from the annual report on the status of services on the activity carried out by the Italian Authority for Electricity, Gas and Water System [31] and measured by the average annual gross final electricity prices for domestic and industrial consumers, expressed respectively in € cents/kWh (Table 4 and Table 5), subsequently converted in €/TJ.



The observed period substantially registers a continuous increase, except for few years, for all kind of consumers (household or industrial), independently from the consumption class [31].



For each energy source used to support Italian electricity production during the period 2007–2016, the present study calculates the consumptive water footprint in electricity production (WFe,total, m3 per year) as follows:


     WF   e , total   =  (    WF   e , f   +   WF   e , c   +   WF   e , o    )  × E   



(1)




where:




	
WFe,f is the average water footprint of the fuel supply per unit of electricity (m3 TJe−1);



	
WFe,c is the average water footprint associated with the construction phase of the power plant expressed in units of electricity produced for the entire duration of the plant (m3 TJe−1);



	
WFe,o is the average water footprint in the operational phase per unit of electricity produced by fossil or renewable energy source (m3 TJe−1);



	
E is the annual production of electricity from fossil or renewable energy sources (TJe per year).








After comparing the percentage of contribution of fossil and renewable sources to the production of the electricity sector, the study then compares the percentage of contribution of fossil and renewable sources to the consumptive water footprint of Italian electricity production for each year analysed.



Furthermore, distinguishing between renewable and fossil sources, the paper proceeds to assess the total consumptive water footprint (WFe,total) generated by each energy source for the electricity production (E) in Italy during the period 2007–2016.



Finally, the paper, following the methodology of Owusu-Sekyere et al. [43], computes the time trend of economic water productivity of electricity (EWPe), based on prices (Pe) distinguished per domestic and industrial consumption class and consumptive water footprint per unit of electricity (WFe), measured in €/m3 and expressed by equation:


     EWP  e  =    P e      WF  e      



(2)




where:




	
Pe represents the gross final electricity prices for domestic or industrial consumers by consumption class in €/TJ;



	
WFe is the average total water footprint per unit of electricity produced by fossil or renewable energy source (m3 TJe−1).









4. Results and Discussion


Figure 1b highlights that the major contribution to the consumptive water footprint of electricity production in Italy is due to renewable sources, even if, on the contrary, from a production perspective fossil fuels represent the main energy sources (Figure 1a). As shown by the time trend in Figure 1b, fossil fuels contribute on average for less than the 4.4% of the total water footprint consumption in the period 2007–2016, registering a negative peak in 2014.



From these results, it seems that fossil sources are more sustainable in a water perspective than renewable ones and could be used as an effective energy source, relaxing pressure on water resources. Nevertheless, this evidence is mainly due to the contribution of hydropower in terms of water footprint. It has been debated whether hydroelectric generation is merely an in-stream water user or whether it consumes water too.



As demonstrated by Mekonnen and Hoekstra [44] hydroelectric generation represents a significant water consumption, even if great differences exist in relation to the local climate and flooded area of the power plant (Table 3).



Excluding hydropower from the analysis for the above-mentioned reason, the percentage of fossil sources over the consumptive water footprint of electricity production in Italy in the period 2007–2016 significantly increased, overturning previous results.



As highlighted by the time trend in Figure 1d, fossil fuels contribute on average for almost 85% of the total water footprint consumption in the period 2007–2016, registering a negative peak in 2014. These results are in line with the contribution of fossil and renewable sources to the Italian electricity mix from a production perspective over the period 2007–2016 (Figure 1c) and demonstrate a competitive advantage of wind, photovoltaics and geothermal in terms of water sustainability. In fact, these renewable sources ensure better performances, i.e., lower values of average water footprint per unit of electricity produced, compared to fossil ones.



Furthermore, Figure 2, illustrating the total consumptive water footprint generated by each fossil source for the electricity production in Italy during the period 2007–2016, highlights a negative trend, so a lower water footprint caused by the use of non-renewable sources, supported by the minimal contribution of conventional oil. The latter, far from being considered the best energy source alternative, can still contribute to a slack in water pressures, compared to the other two fossil sources.



Figure 3 illustrates the time trend of each renewable energy source, excluding hydropower. Results confirm that, renewable sources which provide the use of water in their life cycle (i.e., geothermal source), predominantly affect the total consumptive water footprint of electricity production in Italy, while ensuring lower levels of electricity production than the other renewable sources. Although in the last years wind source has grown ensuring a substantial increase in the Italian electricity production, it contributes less than the other renewable sources to the consumptive water footprint, highlighting a clear water comparative advantage.



Turning the attention to economic water productivity results (Table 6), it is possible to notice that the highest average value of parameter EWP of a unit of electricity derived from fossil sources is associated with the domestic consumption class >15,000 kWh (104.62 €/m3), followed by the domestic consumption class <1000 kWh (97.28 €/m3).



These results are confirmed also analysing the EWP of a unit of electricity derived from all renewable sources. In this case, absolute average values of EWP are widely different than those derived from fossil sources, however maximum average values correspond to the first and last domestic consumption class, respectively 1.88 and 1.75 €/m3.



If hydropower is excluded, values of EWP for a unit of electricity from renewable sources are similar to those calculated considering fossil sources, registering on average almost −10% for each domestic consumption class.



Table 7 shows results of economic water productivity per unit of electricity in Italy per industrial consumption class. Differently from the domestic consumption class, industrial ones highlight a trend in EWP inversely proportional to the consumption class increase.



Considering electricity derived from fossil sources, from renewable sources and from renewable sources excluding hydropower, EWP average values vary from respectively 106.71, 1.92 and 96.95 €/m3 for the industrial consumption class <20 MWh, to 41.25, 0.73 and 36.46 €/m3 for the maximum industrial consumption class (70,000–150,000 MWh).



Focusing on time trends (Figure 4), the EWP values related to the three types of electricity supply highlight growth. Notwithstanding this increasing trend varies relevantly depending on electricity sources. It is more accentuated for the EWP of electricity from renewable sources without considering hydropower. Even distinguishing domestic and industrial electricity consumption, time series assume the same functional form registering shifts in the absolute annual values.




5. Conclusions


The analysis carried out in this work shows a more integrated perspective to evaluating the impact of electricity production above all when, excluding the primary sources, other important natural resources are used in the generation processes. It is the case of freshwater, where its scarcity has opened an important comparison. Electricity generation, considering the operation management, is called to a deep reflection. In a detailed framework, this study provides a water footprint analysis not only from the physical point of view but it also considers the water utilization from an economic perspective [19], aiming at a complete vision in the modern concept of sustainable development. Adding economic water productivities, i.e., the monetary value of every cubic meter of water used in producing electricity, undoubtedly represents a step-forward in water research development and sustainability policies. The EWP, relating the yield values per unit water use with the water prices, appears adequate to assess the effectiveness of energy policies, measuring the economic value generated by water, as influenced by prices.



This enlarged vision highlights an important aspect to be evaluated in the water efficiency direction, that is, not all electricity generation coming from renewable sources has the same impact. Renewable options need to be carefully investigated from a freshwater consumption approach. A first estimation, considering the features of the environmental and economic context where electricity generation has to be settled, is needed. There is vast scientific literature that declares the benefits of renewable energy sources but there is a lack of specific research that specifically assesses their impact on local community through the three-dimensional sustainability approach [45].



Therefore, the obtained results could be useful in particular cases for moving attention from hydropower towards other renewables, as photovoltaic or wind, above all when the hydropower solution could create some imbalances. For example, if a hydropower plant is located in an area where evaporation is at higher, it implies a water efficiency loss, which could be recovered through alternative source management.



Economic aspects related to water consumption, in terms of price paid for the natural resource use, represents another interesting element rising from the results of this study. This evidence comes from the consumption class analysis. Being a household or industrial electricity user positioned in the lower consumption classes does not imply a lower contribution in terms of price paid for freshwater resource. This aspect could surely be revised to ensure a better redistribution of the economic water productivity, favouring a more conscious use. This additional information should be considered as a valid instrument to better qualify the entire energy value proposition. In this way energy producers could increase their competitive advantages creating a stronger relationship with customers and stakeholders also in a sustainable marketing perspective [46]. Previous studies, applied in other world regions, showed, in fact, how customers are favourable to renewable energy sources and also are willing to pay an additional amount for them [47]. Finally, taking into consideration all the observed elements, this study could represent an original contribution for a more appropriate natural resource management in electricity production, aiming at a more sustainable exploitation of freshwater.



The assessment of economic-water-energy nexus related to electricity production, aside from representing a novelty in the scientific studies, could be replicated using other applicability scales.



Further research should be addressed towards an integration of other footprint indicators in the sustainability assessment of electricity production.
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Figure 1. (a) Percentage of electricity production in Italy per energy source over the period 2007–2016; (b) Percentage of consumptive water footprint of electricity production in Italy per energy source over the period 2007–2016; (c) Percentage of electricity production in Italy per energy source over the period 2007–2016 (excluding hydropower from renewable sources); (d) Percentage of consumptive water footprint of electricity production in Italy per energy source over the period 2007–2016 (excluding hydropower from renewable sources). 
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Figure 2. Total consumptive water footprint of electricity production in Italy (WFe,total), expressed in thousands of m3, per each fossil source over the period 2007–2016. 
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Figure 3. Total consumptive water footprint of electricity production in Italy (WFe,total), expressed in thousands of m3, per each renewable source over the period 2007–2016 (excluding hydropower). 






Figure 3. Total consumptive water footprint of electricity production in Italy (WFe,total), expressed in thousands of m3, per each renewable source over the period 2007–2016 (excluding hydropower).



[image: Sustainability 10 00228 g003]







[image: Sustainability 10 00228 g004 550] 





Figure 4. Time trend of average economic water productivity for electricity domestic (a) and industrial (b) consumptions in Italy over the period 2007–2016 per energy sources (in €/m3). 
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Table 1. Contribution of the major groups to the renewable generation by source (percentage data).
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	Company
	Hydropower
	Geothermal
	Wind
	Solar





	Enel
	37.7
	100.0
	7.5
	0.2



	A2A
	9.9
	0.0
	0.0
	0.0



	Erg
	3.2
	0.0
	12.8
	0.0



	Edison
	5.3
	0.0
	6.4
	0.1



	CVA
	6.3
	0.0
	1.1
	0.1



	Hydro Dolomiti Energia
	6.0
	0.0
	0.0
	0.0



	Alperia
	4.6
	0.0
	0.0
	0.0



	SEL
	4.2
	0.0
	0.0
	0.0



	Iren
	2.9
	0.0
	0.0
	0.1



	Ital Green Energy Holding
	0.0
	0.0
	0.0
	0.2



	Falck Renewables
	0.0
	0.0
	3.9
	0.2



	Acea
	0.9
	0.0
	0.0
	0.1



	Api
	0.0
	0.0
	0.2
	0.2



	Other
	19.9
	0.1
	68.4
	99.2



	Total
	100.0
	100.0
	100.0
	100.0







Source: [31].
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Table 2. Electricity production in Italy for the period 2007–2016 by energy sources (in GWh).
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	2007
	2008
	2009
	2010
	2011
	2012
	2013
	2014
	2015
	2016





	Coal
	44,112
	43,074
	39,745
	39,734
	44,726
	49,141
	45,104
	43,455
	43,201
	35,608



	Natural gas
	172,646
	172,697
	147,270
	152,737
	144,539
	129,058
	108,876
	93,637
	110,860
	126,148



	Conventional oil
	22,865
	19,195
	15,878
	9908
	8474
	7023
	5418
	4764
	5620
	4127



	Fossil sources
	239,624
	234,966
	202,893
	202,379
	197,739
	185,222
	159,398
	141,857
	159,682
	165,882



	Hydropower
	32,815
	41,623
	49,138
	51,117
	45,823
	41,875
	52,773
	58,545
	45,537
	42,432



	Geothermal
	5569
	5520
	5342
	5376
	5654
	5592
	5659
	5916
	6185
	6289



	Wind
	4034
	4861
	6543
	9126
	9856
	13,407
	14,897
	15,178
	14,844
	17,689



	Photovoltaic
	39
	193
	677
	1906
	10,796
	18,862
	21,589
	22,306
	22,942
	22,104



	Renewable sources
	42,458
	52,198
	61,699
	67,524
	72,129
	79,735
	94,918
	101,946
	89,508
	88,513







Source: [30].
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Table 3. The consumptive water footprint per unit of electricity per different stages of the production process by energy source.
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	Energy Source
	Fuel Supply WFe,f (m3 TJe−1)
	Construction WFe,c (m3 TJe−1)
	Operation WFe,o (m3 TJe−1)
	Total WFe (m3 TJe−1)





	Coal
	17–665
	0.32–26
	61–1410
	79–2100



	Conventional oil
	20–546
	0.32–26
	194–615
	214–1190



	Natural gas
	1.2–35
	0.32–1.1
	74–1200
	76–1240



	Hydropower
	-
	0.30
	300–850,000
	300–850,000



	Geothermal
	-
	2.0
	5.3–757
	7.3–759



	Wind
	-
	0.10–9.5
	0.1–2.1
	0.2–12



	Photovoltaics
	-
	5.3–221
	1.1–82
	6.4–303







Source: [41].
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Table 4. Gross final electricity prices for domestic consumers by consumption class (€ cents/kWh).
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	<1000 kWh
	1000–2500 kWh
	2500–5000 kWh
	5000–15,000 kWh
	>15,000 kWh





	2007
	13.19
	13.32
	23.77
	22.35
	22.95



	2008
	26.48
	15.23
	20.79
	22.4
	23.03



	2009
	28.37
	16.91
	20.5
	26.12
	30.22



	2010
	27.53
	16.18
	19.19
	24.14
	27.31



	2011
	26.93
	16.99
	20.49
	25.14
	27.91



	2012
	26.16
	19.35
	22.15
	27.36
	30.61



	2013
	27.76
	19.82
	23.08
	28.76
	30.87



	2014
	29.24
	21.06
	23.92
	29.71
	33.09



	2015
	29.41
	21.07
	24.39
	30.44
	33.47



	2016
	31.57
	21.73
	23.77
	27.56
	27.54







Source: [31].
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Table 5. Gross final electricity prices for industrial consumers by consumption class (€ cents/MWh).
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	<20 MWh
	20–500 MWh
	500–2000 MWh
	2000–20,000 MWh
	20,000–70,000 MWh
	70,000–150,000 MWh





	2007
	22.22
	17.52
	16.04
	14.04
	9.42
	9.42



	2008
	23.87
	17.92
	15.84
	14.31
	13.29
	12.22



	2009
	28.16
	18.73
	16.67
	14.3
	12.15
	10.07



	2010
	29.71
	17.54
	16.03
	14.03
	12.37
	11.16



	2011
	31.43
	21.21
	18.33
	15.15
	14.06
	11.49



	2012
	29.08
	23.31
	21.24
	21.97
	15.1
	12.77



	2013
	32.17
	23.31
	19.73
	17.56
	14.76
	12.54



	2014
	31.41
	23.7
	20.17
	17.55
	15.38
	11.95



	2015
	32.24
	22.47
	18.64
	16.62
	13.84
	11.38



	2016
	32.27
	21.54
	17.89
	15.92
	13.58
	10.03







Source: [31].
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Table 6. Descriptive statistics of economic water productivity (EWPe) for a unit of electricity in Italy over the period 2007–2016 (in €/m3) per domestic consumption class.
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<1000 kWh

	
1000–2500 kWh

	
2500–5000 kWh

	
5000–15,000 kWh

	
>15,000 kWh






	
Mean

	
97.28

	
1.75

	
88.48

	
66.21

	
1.20

	
61.52

	
81.06

	
1.45

	
72.36

	
96.26

	
1.73

	
87.36

	
104.62

	
1.88

	
94.61




	
Dev. Std.

	
17.88

	
0.56

	
51.49

	
9.31

	
0.41

	
37.34

	
5.93

	
0.37

	
39.57

	
8.55

	
0.50

	
49.28

	
11.45

	
0.53

	
52.58




	
Min

	
49.40

	
0.68

	
19.91

	
49.89

	
0.69

	
20.10

	
71.56

	
1.01

	
27.86

	
83.71

	
1.12

	
30.01

	
85.96

	
1.15

	
30.86




	
Max

	
116.66

	
2.63

	
171.08

	
80.30

	
1.81

	
117.76

	
89.03

	
1.98

	
128.81

	
108.92

	
2.39

	
149.35

	
119.76

	
2.63

	
163.03








For each domestic consumption class, the three columns represent in order EWP of a unit of electricity derived from fossil sources, from renewable sources and from renewable sources excluding hydropower.
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Table 7. Descriptive statistics of economic water productivity (EWPe) for a unit of electricity in Italy over de period 2007–2016 (in €/m3) per industrial consumption class.
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<20 MWh

	
20–500 MWh

	
500–2000 kWh

	
2000–20,000 MWh

	
20,000–70,000 MWh

	
70,000–150,000 MWh






	
Mean

	
106.71

	
1.92

	
96.95

	
75.54

	
1.37

	
69.12

	
65.85

	
1.18

	
59.57

	
58.85

	
1.06

	
53.81

	
48.84

	
0.88

	
44.30

	
41.25

	
0.73

	
36.46




	
Dev. Std.

	
11.78

	
0.56

	
54.47

	
7.65

	
0.41

	
39.28

	
5.56

	
0.33

	
32.93

	
7.96

	
0.34

	
31.53

	
5.60

	
0.25

	
24.58

	
3.68

	
0.18

	
18.92




	
Min

	
83.23

	
1.15

	
31.98

	
65.41

	
0.90

	
24.01

	
59.40

	
0.79

	
21.22

	
52.32

	
0.72

	
19.17

	
35.28

	
0.49

	
14.22

	
35.28

	
0.49

	
13.80




	
Max

	
119.25

	
2.69

	
174.88

	
83.64

	
1.79

	
116.73

	
76.21

	
1.62

	
97.44

	
78.83

	
1.67

	
100.79

	
54.18

	
1.15

	
73.59

	
45.83

	
0.97

	
58.58








For each industrial consumption class, the three columns represent in order EWP of a unit of electricity derived from fossil sources, from renewable sources and from renewable sources excluding hydropower.
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