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ABSTRACT
The impact of the agricultural electric tariff, known as the “energy quota”, on groundwater 
extraction was studied in the municipalities of Linares and Hualahuises, located in Nuevo León, 
Mexico. The objective of the study was to evaluate water use associated with the energy quota 
in cases of extreme energy consumption, to compare the electricity provided under the quota 
with the energy requirements of producers in the study area, and to propose a methodology 
for establishing a limit based on the authorized water volumes. The energy consumption of 
195 services that benefited from the stimulus tariff in the region was recorded and compared, 
through a non-parametric test, with the maximum energy limit established for the energy quota. 
Three orchards under the energy quota scheme were selected based on their high annual energy 
consumption and ease of access. In these orchards, volumetric gauges were inspected, and annual 
water consumption was recorded. An excess of 13.047 hm3 (cubic hectometers) was recorded, 
equivalent to 1,123% of the granted volume and 17.4% of the aquifer’s annual recharge in the 
southern citrus region. It was observed that the energy quota allows significantly higher energy 
use than the currently required, indicating that excessive water extraction is not being efficiently 
limited. An exploratory analysis was conducted to establish a limit in the current formula, based 
on granted water volumes, extracted volumes, and observed energy consumption.

Keywords: energy, extraction, irrigation, limit, tariff.
 

INTRODUCTION
The Special Energy Program for the Countryside in the Area of ​​Electric Energy 
for Agricultural Use (Programa Especial de Energía para el Campo en Materia de 
Energía Eléctrica de Uso Agrícola, PEUA), aims to promoting productivity and 
the development of agriculture and livestock activities in an environmentally 
sustainable manner, in order to help make them more profitable by providing 
agricultural producers with access to electric energy (DOF, 2005). In this 
context, the Program focused on supporting water pumping and repumping 
activities through a subsidized rate called energy quota.
Achieving a balance between the assigned energy quota and the authorized 
water extraction volume for each producer is challenging due to the influence of 
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various factors on the final energy required for extraction. These factors include 
the power factor, the efficiency of the pumping equipment, and dynamic loads, 
which are determined by the depth and diameter of the well, the irrigation 
system used, the irrigated area, and its distribution, among other aspects.
Initially, the energy quota was calculated based on the Annual Energy Limit 
(AEL), which took into account the granted water volume, the depth of the 
well, and a minimum electromechanical efficiency of the pumping equipment. 
However, applying the AEL as energy quota proved insufficient to meet the 
demands of producers, as it did not reflect the real operating conditions of the 
pumping systems. This led to increased production costs and negatively affected 
users’ competitiveness. In response to this issue, a modification agreement was 
published in 2005, establishing a new formula, still in effect, which focuses 
exclusively on the power capacity of the pumping equipment. The granted water 
volume was removed as a variable from the calculation, and the responsibility for 
measuring the extracted water volume was assigned to the water right holders, in 
accordance with the National Waters Law and its regulations (DOF, 2005).
One of the problems with the current energy quota formula is that the subsidy 
encourages excessive water extraction and waste of the resource, the use of 
inefficient equipment, and the cultivation of unprofitable crops (Olavarrieta 
et al., 2010). To contextualize this issue, it is relevant to mention some data on 
national and regional water consumption in Mexico. According to CONAGUA 
(2022), agricultural use accounted for 76.29% of the national total, with 
68,515.7 hm³ allocated for crop irrigation. In this same year, a total of 1,914 
hm³ was used in Nuevo León. This volume was distributed as follows: 65.99% 
for agricultural use (605 hm3 from surface water sources and 658 hm3 from 
groundwater sources), 29.36% for drinking water consumption (406 hm³ from 
surface water sources and 156 hm3 from groundwater sources), and 4.5% for 
industrial use (87.6 hm³ from groundwater sources).
Although agriculture is the sector with the largest water allocation, there is a 
significant lack of knowledge about water use in this sector (González-Sánchez 
et al., 2017). This is mainly due to the absence of water use measurements by 
users, the lack of instruments to measure volumetric consumption, insufficient 
staff to take measurements, and the failure of CONAGUA to enforce the 
regulatory framework. Crespo and Ramírez (2018) state that there is no precise 
information on how much water is actually used for its intended purposes, 
and in general, the available data consists of the concessions granted by the 
water authority, which are recorded in the Public Registry of Water Rights 
(Registro Público de Derechos de Agua, REPDA).
The objective of this study is to evaluate water use associated with the energy 
quota in extreme cases of energy consumption, to verify the volume of these 
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extractions, to compare the electricity provided under the energy quota with 
the energy requirements of producers in the study area, and to propose a 
methodology for establishing a limit based on the granted water volumes. The 
methodology suggested has the aim of guaranteeing the energy demands of the 
different agricultural productive systems, avoiding subsidizing consumption 
that would potentially exceed the extraction allowed by CONAGUA. Its 
implementation is analyzed in a preliminary way, due to the limited availability 
of data on volumetric measurements of the region’s extractions.

THEORETICAL FRAMEWORK
Groundwater is essential for agricultural production (Richter and Ho, 2022) 
and the ecosystems that depend on it are vital for maintaining stream and rivers 
flows, providing habitats, supporting biodiversity, and protecting aquifers 
from contamination (Eamus et al., 2015; Poeter et al. 2020). In addition to its 
socioeconomic value through productive extraction, groundwater provides 
important environmental services such as drought mitigation, protection 
against saltwater intrusion, mainly in coastal aquifers, and prevention of land 
subsidence (Grundmann et al., 2016; Alcalá et al., 2023).
Irrigated agriculture plays a fundamental role in global food production, 
contributing to more than 40% of it (Hamidov and Helming, 2020). However, 
water scarcity, exacerbated by the depletion of watersheds and urban and 
industrial contamination, has deteriorated lands designated for irrigation. 
Issues such as waterlogging, salinization and erosion are common due to 
poor irrigation water management practices (Magdoff and Van Es, 2021). In 
addition, the high costs of modernization, maintenance, and repair of irrigation 
and drainage systems, combined with limited financial resources among 
farmers, pose a significant challenge for governments, which must decide how 
to allocate resources to address these problems without fully passing the costs 
on to end users (Zúniga and Mendoza, 2021).
Agricultural policy is an important factor to consider in groundwater 
management. In particular, energy subsidies for agricultural irrigation costs 
can encourage excessive water extraction due to inefficient use, such as the 
cultivation of low-productivity crops or the adoption of inefficient irrigation 
systems. These practices allow users to benefit while bearing only a fraction 
of the real costs, with the remainder being absorbed by society (Srivastava et 
al., 2017), without accounting for the broader socioeconomic impacts resulting 
from aquifer depletion and contamination.
On the other hand, the imposition of electric rates can serve as a tool to encourage 
farmers to use energy more efficiently by improving irrigation practices, 
which can lead to higher production per energy unit, while also influencing 
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groundwater extraction and use. However, it is important to consider that, if 
the marginal productivity of the energy used in pumping remains higher than 
the total cost, increasing the rate may not be as effective in controlling energy 
consumption, and therefore, the extraction of groundwater. In addition, if this 
strategy becomes unprofitable for producers, they might opt for alternative 
energy sources such as solar or diesel pumps (Saleth, 1997). Likewise, it is 
necessary to address agricultural pollution and to promote more sustainable 
agricultural practices to protect this resource in the long term, reconsidering 
subsidies for fertilizers and pesticides that can damage groundwater quality if 
used indiscriminately (UICN, 2016).
Total crop productivity must be integrated into agricultural planning and the 
long-term sustainable management of water resources, since a productivity-
based approach can optimize the water use and promote savings in high-
consumption systems (Villa-Camacho et al., 2021). To achieve this, crop water 
requirements must be identified and irrigation system efficiency optimized, 
especially in arid and semi-arid zones (Ávila-Dávila et al., 2021). In some 
cases, productivity can be improved through techniques such as soil mulching 
(Escobosa-García et al., 2022) and the selection of drought-resistant varieties 
combined with different fertilization treatments and planting densities 
(Alonso-Sánchez et al., 2023). El-Beltagi et al. (2022) report that plastic mulch 
increases the efficiency of water use by 31% and improves wheat yield by up to 
50%, while straw mulch reduces evaporation by 35%. In addition, combining 
mulching with drip irrigation enhances water use efficiency and reduces water 
consumption by up to 40-50% (Bwire et al., 2024).
With the aim of creating effective policies that promote the sustainability 
of water use and productivity in the agricultural sector, it is necessary to 
accurately understand the extraction levels. However, in many regions, these 
estimates are difficult to obtain due to physical, regulatory and social barriers 
(Brookfield et al., 2023).
An important aspect to take into consideration when estimating water 
volume extraction is consumptive use. Hanson et al. (2014) point out that the 
consumptive use of water in crops is divided into six specific components. 
These elements include transpiration resulting from groundwater uptake 
through roots, transpiration from precipitation, transpiration of irrigation-
applied water, evaporation of irrigation water, evaporation caused by 
precipitation, and evaporation of groundwater. The sum of these components 
represents the final consumptive use (CU) of the crops, while the remaining 
water is either converted into surface runoff or percolates through the root 
zone as deep percolation, eventually reaching the groundwater. In general, 
it is estimated that more than 60% of all water extraction returns to local 
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hydrological systems, either through return flows to rivers or to groundwater, 
while the remaining portion is considered consumptive use due to evaporation 
and plant transpiration (FAO, 2011).
Energy consumption in agriculture could be used as an indicator of the 
amount of water extracted for irrigation. According to Espino et al. (2011), 
this consumption is influenced by several key factors, among which are 
included the depth of the well, the transport of water through pipes, and the 
irrigation method used (such as flood, sprinkler, or drip irrigation). The stages 
of a typical irrigation system range from water extraction and conditioning, 
to conveyance, distribution, and finally, the irrigation itself. Each stage of 
the irrigation process has significant energy consumption: from the water 
extraction from the well (which can consume between 40% and 80% of the 
energy), to conveyance and distribution (0%-50%), and proper irrigation (10%-
30%). The optimization of water distribution schemes is not always aligned with 
the optimization of energy use. In general, greater technification of irrigation 
systems leads to higher energy consumption and lower water use to achieve 
the same crop yield, since the modern irrigation systems, commonly based 
on pipeline conveyance, face additional challenges such as electricity quality, 
motors and pumps efficiency, and losses caused by aging infrastructure and 
the design of distribution lines (Espino et al., 2011).
Martindill et al. (2021) point out that the volume of groundwater pumped is 
directly related with the power required to extract the water. In their study, 
they used the Efficiency Lift Method (ELM), which takes advantage of this 
relationship to estimate the water volume pumped, based on three main data: 
energy consumption of the pump (kWh), electromechanical efficiency of the 
pumping equipment (relationship between the mechanical output power of 
the pump and the electrical input power, expressed as a percentage), and 
Total Dynamic Head (TDH), which corresponds to the total equivalent vertical 
distance that the pump moves the water, expressed in meters. To obtain the 
data, the authors indicate that the using pump efficiency test reports was the 
most effective approach to minimizing calculation errors, achieving an error 
rate of 13.5%. This rate could be reduced to 5% when accounting for efficiency 
variations throughout the year. In contrast, using regional average data 
increased the error rate to 19.9%.
González-Sánchez et al. (2017) proposed using an energy index to estimate the 
volume of water extracted based on electric energy consumption in irrigation 
units in Zacatecas. In their study, they calculated the index at specific points 
in time, using the instantaneous flow and active power obtained from 
electromechanical efficiency tests of the pumping equipment. They note that 
the pumping equipment can experience deterioration in some components 
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in a short period, which can alter the flow and result in differences in the 
energy indices from year to year. The results show that the energy indices, 
calculated in kWh/m³, generally decrease as both the water consumption and 
electromechanical efficiency increase. However, when the energy index is 
calculated based on the water flow per second and active power at specific 
points in time, the initial energy required to start the pumping and irrigation 
system, as well as the pressure changes in the conveyance system caused by 
increase flow, are not considered. This could affect the value of energy index 
and the final calculation of the extracted volume.
Monteagudo-Yanes and Gaitan (2005) and Ibarguen-Valverde et al. (2017) used 
a formula to determine the function of an energy consumption index. This 
formula is based on calculating the slope of the linear regression between energy 
consumption and production, which represents the energy associated with 
production, and in the value of the intercept, which indicates the energy not 
associated with production. This indicator is affected by changes in production 
volume. For example, in the context of volumetric water extraction, as water 
extraction decreases, it is likely that an increase in the value of the index will 
be observed. This is because of the need for initial energy not associated with 
water extraction, which results in an increase in the relative weight of this 
energy in the total energy consumed. Conversely, when the extraction volume 
increases, the value of the index is likely to decrease.

METHODOLOGY
The study area is found within the administrative hydrological region VI “Río 
Bravo”, specifically in the Citrícola Sur 1914 aquifer, situated in the southern 
portion of the state of Nuevo León, on the border with the state of Tamaulipas, 
between parallels 24° 32’ and 24° 55’ north latitude, and meridians 99° 04’ and 
100° 14’ west longitude (Figure 1). According to the information published in 
the DOF (2013), this aquifer has been under a water extraction ban since April 
2013. The Citrícola Sur aquifer has an average annual recharge of 75.1 hm3, 
which corresponds to the total volume of water entering the aquifer each year 
(CONAGUA, 2024).
Data from 195 active services registered in the Energy Program for the 
Countryside were used, all located within the study area covering the 
municipalities of Linares and Hualahuises, Nuevo León. The Annual energy 
consumption data were obtained from electricity bills issued by the Federal 
Electricity Commission (Comisión Federal de Electricidad, CFE), which were 
provided by program beneficiaries in November 2023.
Two water consumption variables were also considered: the granted water 
volume, calculated from the sum of the granted volumes to each service point, 
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and the annual volumetric water consumption, which was estimated in only 
three citrus orchards that use surface irrigation systems. This estimation was 
based on flow meter readings taken during three field inspections conducted in 
November 2022. These three service points were selected based on two criteria: 
the high annual energy consumption and the ease in access and measurement.
The Kolmogorov-Smirnov (KS) test was used to assess the normality of the 
annual energy consumption and energy quota data. Subsequently, the Mann-
Whitney U test was applied to compare these data. The objective was to 
determine whether the energy quota subsidizes energy consumptions levels 
that may be higher than current usage.
Two indicators are proposed to provide an initial estimate on the amount of 
energy required for irrigation in the study area. The first indicator, Extraction 
Potential (EP), represents the energy required to extract and distribute one 
cubic meter of water within a productive system.

CEP
V

=

Source: CONAGUA (2024).
Figure 1. Location of the study area.
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where EP: Extraction Potential (kWh/m3); C: Energy consumption in kilowatt-
hour (kWh); V: Annual volume of water used in cubic meters (m3).

The second indicator is the hypothetical Extraction Potential (hEP) and refers 
to the amount of energy required to extract and distribute one cubic meter of 
water in the hypothetical scenario where the producer consumes the entire 
granted water allocation for the year. The formula is as follows.

ChEP
Gv

=

where hEP: Hypothetical Extraction Potential (kWh/m3); C: Annual energy 
consumption in kilowatt-hour (kWh); Gv: Annual granted water volume in 
cubic meters (m3).

The relationships between the variables hEP, energy consumption and 
granted volume were evaluated using Spearman’s correlation coefficient, to 
understand the behavior of the indicators proposed in this study and to ensure 
its effective use in a proposal to calculate the energy quota.
In addition, the function of the energy consumption index proposed by 
Monteagudo-Yanes and Gaitan (2005) was evaluated using the following 
equation:

( ) bf EP m
V

= +

where Ep: Extraction potential kWh/m3; m: Slope of the linear regression 
between energy consumption and extracted volume; b: Intercept of the linear 
regression between energy consumption and extracted volume; V: Extracted 
volume in cubic meters (m3).

Given that there are only three pairs of data, the Theil-Sen regression was used 
to estimate the slope and the intercept point in the linear relationship between 
energy consumption and extracted volume. Because of the limitations of 
extrapolating this linear relationship to the 195 services evaluated with such a 
small data set, 95% confidence intervals were calculated for the slope and the 
intercept point.
Using these values, the functions to predict the extraction potential were 
calculated, considering the limits of the confidence interval. These calculations 
involved the combinations of the minimum and maximum slope and intercept 
values.
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It is suggested to modify the extraction potential function to a potential-type 
function that approximates the EP values for each service. This function, 
called extraction limit function f(El), should vary across different regions and 
productive systems in the country, and it will be adjusted after conducting 
field verifications, then serving for the calculation of the energy quota.The 
f(El) can be defined as the curve based on a power regression of the verified 
EP values, which is then adjusted according to the highest and most distant 
energy requirement. This function allows the calculation of the maximum 
EP value for different volumes of water extracted and is expressed by the 
following formula:

( ) af El c V= ×

where El: Extraction limit (kWh/m3); V: Extracted volume; a: Exponent of the 
function; c: Constant of the function.

Assuming the producer extracts the entirety of their granted volume, this 
volume can be substituted into the formula to calculate the maximum value 
of EP that the producer can generate. Subsequently, the EP value can be used 
to establish a clear limit of the amount of energy the producer may consume.
To calculate the coefficient a, representing the exponent of the extraction limit 
function, and the coefficient c, the constant, a regression must be performed 
on the variables: Extraction Potential and extracted volume. First, the natural 
logarithms of both the independent variable, extracted volume (x), and the 
dependent variable, Extraction Potential (y), are calculated. Then, a linear 
regression is applied to the transformed data [ln(x), ln(y)], resulting in the 
equation of the line that best fits the data.
To transform this line into a power regression curve, the coefficient a is 
determined as the slope of the linear regression line of the transformed data, 
while the coefficient c is calculated as c = eb, where b, is the y-intercept on the 
regression line, which is calculated using the following formula:

b y mx= −

where b: Intercept point; y : Mean of the data transformed to natural logarithm 
of the extracted volume; x : Mean of the data transformed to natural logarithm 
of energy consumption; m: Slope of the regression line of the transformed data.

To adjust the curve so that all the verified values fall below it and it can serve 
as an upper limit, the coefficient c can be calculated from b’ defined as:

( )1' maxn
i i ib y mx== −
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where b’: Adjusted intercept point; yi: Data transformed to natural logarithm 
of extracted volume; xi: Data transformed to natural logarithm of energy 
consumption; m: Slope of the regression line of the transformed data; n: 
Number of transformed data.

Therefore, the calculation of the constant c in the extraction limit function 
would be defined by c=eb’.
With the aim of arriving at a solution that helps to limit the energy subsidized, 
based on granted volumes, the starting point can be the current formula of the 
energy quota, which is simplified in the following manner:

Energy Quota=(HP´0.746´365´24)´0.75+438
Energy Quota=438+HP´4901.22

where HP: Power of the pumping equipment expressed in horsepower; 
0.746: Constant to convert the HP into KW; 365: Maximum time in days of 
the year that the equipment could operate; 24: Maximum time in hours of the 
day that the equipment could work; 0.75: Proportion of time estimated from 
the equipment operation; 438: Constant that represents the annual average 
consumption of local lighting; 4901.22: Constant to convert the power into 
Kwh during 75% of the year.

Since the extraction potential is a measure of the relation between the energy 
consumption and the volume, once the EP value is known, it is possible to 
use it to calculate the necessary energy to extract a specific volume of granted 
water, through the following equation:

E EP V= ×

where E: Energy required in kWh; EP: Extraction Potential in kWh/m3; V: 
Volume of water in m3.

By replacing EP with the extraction limit function, which calculates the 
maximum values of EP in different points depending on the extracted volume, 
the resulting formula is as follows:

aE c V V= × ×

This can be simplified into:

1aE c V += ×
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The proposed new formula would not completely replace the current 
calculation, but would instead establish a limit based on the extraction potential 
observed in the field. If the energy quota does not exceed this limit, it can be 
calculated using the current method. Therefore, the new formula is defined as 
the minimum of the current formula and the limit allowed for a specific region 
and productive system:

Energy Quota=438+min(HP´4901.22c´Va+1)

where HP: Power of the pumping equipment expressed in horsepower; 4901.22: 
Constant to convert the power into Kwh during 75% of one year; 438: Constant 
that represents the annual average consumption of local lighting; V: Granted 
volume in m3; c: Constant of the limit function; a: Exponent of the limit function

RESULTS 
The three service points evaluated in the field correspond to citrus crops with 
surface irrigation systems in the zone of Linares-Hualahuises, Nuevo León. In 
all cases, the volume of water consumed exceeded the granted volume. In the 
first service point, water consumption was 36 times higher than the granted 
volume, while in service points 2 and 3, the excess was 11 times greater (Table 1).
Annual energy consumption did not exceed the allocated quota at service 
points 1 and 2, whereas at service point 3, it surpassed the quota by 14%. It can 
also be seen that the service point with the highest water overuse corresponds 
to the lowest EP value (0.0619 kWh/m3).
From the total extracted volume in the orchards verified, only 8.4% corresponds 
to the granted volume; the rest is the excess volume. It is significant to compare 
this excess visually, with a reference volume such as the mean annual recharge 
of the Citrícola Sur aquifer estimated by CONAGUA (Figure 2).
It was observed that both the annual energy consumption values (D=0.28817, 
p=1.721e-14) and energy quota values (D=0.18651, p=2.565e-06) do not follow 

Table 1. Consumption data of the 3 services verified in November 2022.

# Energy Quota 
(kWh)

Annual
consumption

(kWh)

Granted 
Volume

(m3/year)

Extracted 
volume

(m3/year)

Excess
volume

(m3/year)

EP
(kWh/m3)

hEP
(kWh/m3)

1 637,596 189,600 39,840 1,464,980 1,425,140 0.1294 4.7590
2 355,776 209,310 117,000 1,304,608 1,187,608 0.1604 1.7890
3 622,892 711,069 1,044,520 11,479,722 10,435,202 0.0619 0.6807

Source: prepared by the authors.
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a normal distribution. In addition, the annual energy consumption values 
were significantly lower (W=33193, p<2.2e-16) compared to the current energy 
quota values, indicating that the energy subsidized by the current energy 
quota significantly exceeds the actual energy requirements of the producers in 
the study area (Figure 3).
From the coefficients obtained through the Theil-Sen regression between the 
energy consumption and the volume extracted from the three services verified 
in the field, a slope of 0.0493 was estimated, with a 95% confidence interval of 
[-0.1229, 0.0520] and an intercept point of 137,068, with a confidence interval 
of [133028, 389358].
With these values, the function to predict extraction potential and its 
confidence interval were calculated and compared with the dispersion data 
of the granted volume and the hEP value from the 195 services evaluated, 
with the aim of analyzing their behavior. It can be observed that the values of 
the selected services do not align with most of the services evaluated, which 
could be explained by their selection due to high annual energy consumption 
(Figure 4).
A significant positive correlation was identified between the annual energy 
consumption and granted volume (R=0.3061, p=1.35e-05, n=195). However, 
the coefficient of determination (R2=0.0937) indicates that granted volume has 

Source: prepared by the authors.
Figure 2. Relationship between granted volume, excess volume in the 3 verified services, and recharge of the Citrícola 
Sur aquifer.
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Source: prepared by the authors.
Figure 3. Comparison of the assigned energy quotas versus the annual energy 
consumption in the study area.

Source: prepared by the authors.
Figure 4. Dispersion of granted volume and hEP values, EP curve=(137068/V)+0.0493, EPmin=(133028/V)-0.1229, 
EPmax=(389358/V)+0.0520.

a limited influence on user’s final energy consumption. Likewise, a significant 
negative correlation was identified between the granted volume and hEP 



ASyD 2025. DOI: https://doi.org/10.22231/asyd.v22i3.1718
Artículo Científico 410

values (R=-0.4019, p=5.75e-09, R2=0.1615), indicating that higher volumes of 
granted water are associated with lower hEP values.
When the proposed methodology for calculating the extraction limit is 
applied, the power regression curve generated from the energy consumption 
and extracted volume data of the three verified service points shows a similar 
pattern to the modified extraction limit curve (Figure 5). However, given the 
small sample size, the results may not accurately reflect the true relationship 
between the variables in the population. Nevertheless, they provide a good 
starting point for further verification and adjustment of the curves.
When analyzing the scatter plot of the hEP values against the granted volume 
values and plotting the extraction limit curve based on field verified data, it is 
observed that all the service points with hEP values above the curve may be 
consuming more water than they have authorized. This serves as an indicator 
that could be used to prioritize field inspections for service points whose hEP 
value exceeds the extraction limit (Figure 6).

DISCUSSION
One of the reasons for reducing water use in agriculture is the growing demand 
driven by the global population growth (El-Beltagi et al., 2022). According to 
data from CONAGUA (2024), the average annual groundwater availability 
in the Citrícola Sur aquifer shows a deficit of -88.86 hm³/year, as the sum of 

Source: prepared by the authors.
Figure 5. Power regression and extraction limit calculated from the three data pairs verified in the field. 
The regression equation is 42.689x-0.402, the extraction limit equation is 46.325x-0.402.



ASyD 2025. DOI: https://doi.org/10.22231/asyd.v22i3.1718
Artículo Científico 411

Source: prepared by the authors.
Figure 6. Estimated extraction limit for the surface irrigation system.

natural discharges and the total volume of extracted groundwater (calculated 
from concessions, ongoing records, and water scheduling up to December 
2022) exceeds the natural recharge of the aquifer.
The deficit estimated by CONAGUA could be even higher, as in the three 
verified orchards, the total extraction volume was 14.25 hm³/year, of which 
only 1.2 hm³/year corresponded to the granted volume. This increases pressure 
on water availability, which could lead to a decrease in agricultural yields 
and significant crop losses in the future, necessitating the adoption of more 
efficient and sustainable food production methods (Dinar et al., 2019).
In establishing subsidized energy for agriculture, it is essential to consider 
various aspects, including the availability of accurate data, particularities of 
agricultural systems, the sector’s competitiveness needs, and the sustainability 
of resource use. A key aspect is the priority assigned to the competitiveness 
of users. In recent decades, the agricultural policy has focused on the sector’s 
economic profitability, which led to the removal of the annual energy limit in 
the original equation.
Another relevant factor is the accuracy of the data used in the calculations. The 
original equation for the energy quota is based on the efficiency improvement 
method, which allowed for defining the energy limit. According to Martindill et 
al. (2021), the errors associated with this method can be significantly reduced if 
detailed information is available on the efficiency of the pumping equipment and 
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its variations throughout the year, as well as accurate data on the total dynamic 
head. However, obtaining this information represents a considerable challenge 
due to the heterogeneity of the production systems in Mexican agriculture, 
which makes it difficult to collect and standardize the required data.
The use of indices allows for taking advantage of the available accurate data and 
facilitates estimating water extraction. However, it is important to note that it 
is incorrect to restrict the energy quota to a single value of Extraction Potential 
(EP) for all the services, since EP values are likely to change significantly as the 
extraction volume increases or decreases. In other words, a service that uses 
less water may require more energy per cubic meter extracted than when it 
extracts greater volumes. Likewise, a service with high volume of extracted 
water could have relatively low EP values. This can be attributed to energy not 
related to water extraction, which manifests as a fixed energy cost.
When trying to establish a function that predicts the value of EP using the 
formula proposed in the study by Monteagudo-Yanes and Gaitan (2005), a 
significant issue was observed for this specific case. In this formula, the 
energy unrelated to extraction remains constant for both large and small 
services, which can, in some cases, lead to an overestimation of the EP value. 
According to the results obtained, it is observed that the value of b, or intercept 
point obtained from the regression of energy consumption and total volume 
extracted in the services evaluated in the field, represents 137,068 kWh of 
energy unrelated to water extraction. This value, which is considerably high, 
would significantly influence the calculation of EP in small services (or with 
lower extraction volume).
In the context of the energy used for agricultural irrigation, it is reasonable 
to expect that the energy unrelated to water extraction is lower in the smaller 
services, which have a reduced volumetric extraction compared with the larger 
services. This is because less complex irrigation systems are typically used. 
For example, when comparing the necessary energy to start the pumping 
equipment and the initial distribution of water in a 2-hectare orchard with 
that in a 100-hectare orchard, it is very likely that the startup energy and initial 
distribution will be higher in the second case.
The proposal to establish a limit in the formula for the energy quota is 
supported by two main assumptions. In the first place, it is considered that 
the current energy quota allows significantly higher energy consumption than 
what is needed by producers. In the second place, it is assumed that the EP 
values have a decreasing behavior as the volume extracted increases.
The curve obtained through this methodology could solely represent the 
energy requirements of the study area and the evaluated irrigation system, 
which in this case was surface irrigation with repumping. For this reason, 
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calculating different curves for the extraction limit ought to be considered, 
according to the region and the irrigation system, enabling the management 
of different f(El) functions for each zone.
Once the maximum limit of the energy quota is established, significant pressure 
will be placed on producers with higher energy consumption to reduce their 
usage levels. Ávila et al. (2005) argue that the increases in the electricity 
tariffs act as a gradual incentive for the adopting more efficient irrigation 
technologies. This not only results in direct benefits by reducing electricity 
consumption but also promotes the modernization and optimization of the 
irrigation systems, thereby contributing to more sustainable management of 
the water and energy resources.
The new energy quota proposed in this study is a tool that could complement 
existing policies for regulating the use of water and energy in agriculture. It 
is essential to continue enforcing the Energy Law for the Countryside (Ley de 
Energía para el Campo) (DOF, 2002) and the National Waters Law (Ley de Aguas 
Nacionales) (DOF, 1992), to ensure the proper and rational use of water for 
agricultural purposes, as well as compliance with water extraction permits and 
authorized volumes. Even if the energy quota is not modified, results of this 
study offer guidance on which services may be extracting water in volumes 
exceeding those authorized.
The sample evaluated in this study represents only a small fraction of the services 
with energy quotas in the state of Nuevo León and nationwide. Therefore, it is 
necessary to investigate the distribution of Extraction Potential values across 
different regions of the country. Additionally, different methodologies should 
continue to be explored to address the problem of excessive water consumption. 
It is also important for the authorities responsible for overseeing the program to 
maintain records on energy consumption, granted water extraction volumes, 
and the irrigation systems used by the benefiting producers, as part of the 
preparation for the potential application of future estimates.

CONCLUSIONS
Based on the results obtained, it is observed that the quotas calculated with 
the current formula are significantly higher than the energy requirements of 
the producers. In addition, evidence was found of a considerable excess in 
water extraction, derived from the high energy consumption subsidized by 
the current agricultural tariff, in the three verified orchards.
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