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ABSTRACT

The agricultural region of San Quintin in the Mexican state of Baja California is a 10,000 km?
semi-arid coastal plain located 300 km south of the US—Mexico border. It is one of the most important
agricultural areas of the country thanks to the use of high technology and to the quality of its products.
The San Quintin region is the main national exporter of berries, and 20% of the tomato exported to the
USA is produced there. Economic development and social welfare options have been factors for
population attraction (approximately 30,000 inhabitants in 2010, plus 5,000 temporal workers every
year), which, in addition to the natural conditions of the area (no surficial rivers, 150 mm/year of rain),
has led to critical hydrological stress (63% of the aquifers are overexploited or salinized). Due to clean
water scarcity and long-term drought, cultivated areas have been reduced from 25,000 ha in the 1980s
to 8,000 in the present. Despite adverse conditions, San Quintin producers are committed to
sustainability and are looking to be the first “green” agricultural district in the country by reducing their
CO2 and hydrologic footprint during production. At least 67 desalination plants that process water from
the aquifers operate in the region, and the first plant that will desalinize seawater for agricultural use is
in process. Even with a government subsidy of 90% of the cost of energy used in the field, producers
are considering the use of alternative energy for their desalination plants. This paper shows the
strategies and cost of implementation of a renewable energy network for use in desalination plants in
the agricultural region of San Quintin.
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1 INTRODUCTION
The border region of California (USA) and Baja California (Mexico) is one of the most
dynamic economic areas in the world. During the second quarter of 2018, Baja California
experienced an economic growth of 3.6%, thus becoming the state with the highest growth
rate of the northern border of Mexico. In the same period, the primary economic activities in
which agriculture is included, registered an increase of 9.8% [1].

The San Quintin Valley is located 300 km south of the US—Mexico border and is part of
the irrigation district of Ensenada. It is the largest agricultural valley in the state of Baja
California, which is a state that functions with local water sources. With an approximate area
0f 10,000 km? and a semi-arid climate, this area sits on the coastal plain of the Pacific littoral.

The most important agricultural crops of the San Quintin Valley are: tomatoes,
strawberries, berries, grapes, cucumber and chili. This valley produces 20% of the Mexican
tomatoes that are exported to the US market and is the main Mexican exporter of berries. The
agricultural activities of the region, in addition to contributing to the state economy, employ
thousands of workers and have contributed decisively to improving the living conditions of
its inhabitants.

Despite the marked decrease in cultivable areas, the economic value of production shows
a continuous increasing trend, as shown in Fig. 1.
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Figure 1:  Historic planted surface (left) and production value (right) in the Ensenada
irrigation district [2].

The cause of decreased cultivation areas is water scarcity in the region, which is due to
lack of rainfall, surface rivers and a decrease of aquifer levels, as well as salinization of
aquifers. Production value increases according to market conditions, quality of the products,
intensive cultivation and use of agricultural technology (e.g. water efficiency strategies,
extensive use of fertilizers and agrochemicals, better agricultural system management, etc.).
Combined with lack of water, global warming has caused a considerable increase of
atmospheric temperature [3]. Fig. 2 shows the behavior of some climatic variables (i.e. rain,
maximum and minimum temperature) in the state of Baja California.

The San Quintin Valley has an annual average rainfall of 200 mm and there are no
permanent rivers. Furthermore, out of the eight aquifers, three are overexploited, and three
are salinized. In this scenario, the only option available to obtain water for agricultural
purposes is the use of desalination plants. In 2017, at least 67 desalination plants are operating
and registered at CONAGUA, the national water authority, and all of them use water from
the salinized aquifers because they are cheaper to process than seawater due to their lower
content of salt. It is difficult knowing the total water extraction capacity of the region because
desalination plants are private, and are installed, operated and maintained by ranches and
farms themselves. However, at least one of them has a capacity to process 24 1/s. For
comparative purposes, the El Paso water plant, which is the world’s largest inland
desalination facility, can produce up to 122 million liters per day [5], while in the San Quintin
Valley, there is only one plant that produces 2 million liters per day.

The exact amount of energy needed to operate the desalination plants in San Quintin
valley is unknown, but demand for electric power must be very large. All facilities are
connected to the regional power grid (operated by the federal government through Comision
Federal de Electricidad, or the Federal Electricity Commission), because the federal
government subsidizes more than 90% of the cost of energy used for agricultural purposes.
The Special Energy Program for Agricultural Use establishes that “if the regular cost of
energy is 7.24 pesos per Kwh, and the farmer signs the agreement, the daytime cost will be
0.62 pesos per kWh and the nighttime cost will be 0.31 pesos per kWh”.

The state of Baja California has great potential for harnessing renewable energies in
Mexico. In San Quintin Valley, the solar and wind potential was deemed high by the Ministry
of Energy. The potential of solar energy ranges from 5500 to 5749 Wh/m*day, and wind
velocity ranges from 6 to 7.25 m/s, with plant or power factor of 20 to 30%, ideal for the

WIT Transactions on Ecology and the Environment, Vol 237, © 2019 WIT Press
www.witpress.com, ISSN 1743-3541 (on-line)



500 4

400 -

300

200 -

100 4

YEARLY ACCUMULATED RAIN (mm)

Ensenada Irrigation District

T
1975 1980

T T T T T T T 1
1965 1990 1995 2000 2005 2010 2015 2020

TEMPERATURE (°C)

Energy and Sustainability VIII

Ensenada Irrigation District

294

~N
&
L

N
]
1

N
-3
L

254 L

T T T T T T T T 1
1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

147

YEAR YEAR
Ensenada Irrigation District
164
154 "
:u" -
5 134 ko Xy
< o
5 124 " *
3 "o
iy G L
L] i Liow®
104 - LS
9 T T T T T T T T 1
1975 1980 1985 1990 1995 2000 2005 2010 2015 2020
YEAR
Figure 2:  Historic accumulated rain (top left), maximum temperature (top right) and

minimum temperature (bottom). The portion of the time series corresponding to
the data period shown in Fig. 1 is marked in red [4].

installation of wind farms [6]. The coastline of this region (from Punta Colonet to El Rosario)
is approximately 135 km long and has direct access to the Pacific Ocean. Even without having
quantified wave power energy locally, it can be considered high, and it can be a potential
source of electric power generation. Moreover, waste and debris from agricultural processes
could be used as biofuel, since it is generated in large quantities during harvest.

It is a complex scenario: an agricultural region focused on exporting products with high
added value, limited by the availability of water but that has implemented desalination at an
industrial level, uses electric power from the grid thanks to large government subsidy, and is
rich in natural conditions that give it unique qualities for exploitation of renewable energy
sources. The only way to achieve sustainable development is if producers commit to develop
a plan to gradually incorporate clean energy. Agricultural producers are aware of the
problems that could arise from the introduction of tariff barriers or dumping policies to their
product exports due to government subsidies and have decided to become the first “green”
or sustainable agricultural district in Mexico. This paper shows the strategies and cost of
implementation of a renewable energy network to be used in desalinization plants already
installed in the agricultural region of San Quintin, Baja California, Mexico.

2 STUDY AREA AND METHODOLOGY
The San Quintin Valley is located in north western Mexico (see Fig. 3), in the state of Baja
California, inside the Ensenada Municipality. Administratively, it comprises four
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delegations: Camalu, Vicente Guerrero, San Quintin and El Rosario, with a total surface of
10,311 km?. In 2010, the total permanent population of the San Quintin Valley was 26,557
inhabitants (roughly 10% of the county’s population), but the fluctuating population
associated with agricultural harvesting processes can represent up to 50% of the permanent
population [7]. Many of these temporary workers decide to stay and live in the region, thus
increasing the need for basic services and infrastructure, particularly water and energy. The
main agricultural products produced in the region are: tomatoes, strawberries, berries, grapes,
cucumbers, and chilies; most of them are produced for exportation.

£
&

Figure 3: Study area, San Quintin region in Mexico. (Maps Sources: IMIP, 2018, INEG]I,
2018 and Addicted04, MEX orthographic, CC BY-SA4 3.0. [8], [9].)

In order to define the energy and hydric requirements of the San Quintin Valley, this study
uses the two main crops in the area as a reference (tomatoes and strawberries). These crops
represent approximately 63% of the planted surface in the valley and 64% of the total
production value. Both products are cultivated under controlled conditions (i.e. high-tech
greenhouses with water efficiency systems) in areas of 0.75 ha (1 greenhouse facility).

Without specific information about the type, operation conditions and capacity of all
desalination plants in the region, this study is based on field information and personal
communications with farmers, and uses the following assumptions: (i) all of the desalination
plants use reverse osmosis, (ii) the smallest capacity plants produce 0.37 /s, (iii) the largest
capacity plants produce 24 1/s, (iv) based on information of three medium size desalination
plants the energy efficiency was between 63% to 67% and, (v) the average monthly energy
consumption for the desalination plant was obtained using one year of measured data (kWh)
from two medium size plants. The cost of energy for the desalination process also uses three
scenarios: regular cost, diurnal energy cost with subsidy and nocturnal energy cost with
subsidy.

To define the specific water needs for each type of crop, this study follows the
methodology proposed by Fuentes-Yagiie and Garcia-Legaspi [10], which is widely used in
Mexico. This methodology considers the duration of the different growth stages of each
crop, the type of soil, the local monthly mean surface atmospheric temperature, and plant and
crop evapotranspiration quantities. The local values for some of the aforementioned variables
were obtained from the Camalu station [11], the governmental measurement station closest
to the study area. The crop coefficients (Kc) used in this study are shown in Table 1.

Total water required was calculated considering the water needs and planted area of both
crops. Using this information and the scenarios proposed in the previous paragraphs
regarding types of desalination plants and energy cost, the current total energy needs for the
desalination plants used for agriculture in the San Quintin Valley were stablished.

WIT Transactions on Ecology and the Environment, Vol 237, © 2019 WIT Press
www.witpress.com, ISSN 1743-3541 (on-line)



Energy and Sustainability VIII 149

Table 1: Single (time-average) crop coefficients (Kc) used in this study [12].

Tomatoes Strawberries
Crop stages | Duration Duration
(days) | | (daysy) | M
1 35 0.60 20 0.40
2 40 1.15 50 0.85
3 50 0.80 75 0.75
4 30 0.60 60 0.20
Total 155 205

Different scenarios regarding the move towards use of renewable energy sources (solar
photovoltaic and wind) were established considering the water and energy needs of the
valley, including the time needed to achieve economic equilibrium.

3 RESULTS: HYDROLOGICAL AND ENERGY NEEDS OF THE REGION
The six main agricultural products of the San Quintin Valley represent less than 20% of the
total planted surface in the irrigation district of Ensenada. However, in 2017 their production
value accounts for 76% of the total income. Due to water availability restrictions, from 2003
to 2017, the planted surface in the San Quintin Valley experienced a decrease of 30%, going
from roughly nine thousand hectares to seven thousand. Despite this, the value of production
tripled, especially in the case of strawberry crops (see Table 2).

Table 2: San Quintin Valley main crops information 2003—-2017 [13].

Year 2003 Year 2017
Production Production
Crop Planted Production value Planted Production value
Surface surface

(ha) (ton) (thousands (ha) (ton) (thousands

of Pesos) of Pesos)

Chili 684.0 14,269.4 62,406.7 815.0 22,516.4 247,626.0
Raspberry 25.0 205.0 5,798.4 829.0 12,048.5 1,469,405.8
Strawberry | 764.0 33,941.1 3249792 | 1,869.0 | 91,660.3 | 2,050,893.3
Cucumber | 1,523.5 | 48,546.2 283,073.4 712.6 54,979.1 718,293.2
Tomato 5,608.2 | 250,446.6 | 1,575,898.9 | 2,310.5 | 179,005.7 | 2,419,473.4

Grape 577.0 1,249.5 6,473.1 450.7 3,385.7 34,085.0

Blackberry 2.0 — — 56.0 721.5 76,951.5
Total 9,183.7 | 348,657.8 | 2,258,629.8 | 7,042.8 | 364,317.2 | 7,016,728.2

Four stages of plant growth, as well as corresponding evapotranspiration (Evapo) were
considered in order to calculate water needs for the two selected crops. This data provided
the information necessary to establish the water needs of each cultivated hectare. Table 3
shows the results obtained from tomato crops.

Results show that one hectare of tomato crops requires, from sowing to harvest,
565.72 mm of total water, which represents 5,657 cubic meters or 5.6 million liters. Similar
calculations were done for strawberry crops, resulting in a total of 3,352 m® per hectare.
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Table 3: Example of water needs calculations for tomato crops.

Crop Date Time duration | Crop evapo Monthly water
stage (days) (mm) needs (mm)
| 1-30 April 30 2.74 82.08
1-5 May 5 2.83

) 531 May 26 542 154.96
1-14 June 14 5.38

1530 June 16 3.74 135.25

3 1-31 July 31 3.36 104.16
1-3 August 3 3.50

4 4-31 August 28 2.63 84.09

1-2 September 2 2.59 5.18
Total 155 565.72

Considering the total area occupied by both crops (tomatoes and strawberries) in the San
Quintin Valley, the total amount of water required would be 5,657 m? x 2,310.5 ha + 3,352.5
m® x 1,869 ha = 19.3 million cubic meters per agricultural cycle.

This amount of water must be obtained through desalination, which requires a large
amount of energy. There is no single desalination plant that supplies the entire area; instead,
there is a large number of plants in the area that are connected to the power grid, which in
turn increase the operating costs because they form a dispersed distribution network. During
this study we found 67 registered desalination plants with different capacities, all of them
using the reverse osmosis method. Many farmers in the area consider the information related
to water desalination and energy cost to be a confidential matter, however, the data related to
an average or “type” plant was obtained for this study. This study uses the following data
to make generalizations of the entire agricultural production area of the San Quintin Valley.
Changes in desalination plant efficiency could modify these calculations:

Water treated (I/h) = 4,051

Water produced (I/h) = 1,326

Water rejected (Vh) = 2,725

Desalinization efficiency = 33%

o Initial water quality/salinity (ppm) = 18,000

o Final water quality/salinity (ppm) = 1.9

e  Average monthly energy consumption (kWh) = 6,840

In the case of tomato crops (see Table 3), the total cultivation cycle lasts 155 days, which
corresponds to approximately 5.2 months, and requires 13,070.5 million liters of water (total
cultivation time times total cultivated area); for strawberry crop the cultivation cycle lasts
6.8 months, and require 6,262.8 million liters of total water. If only one desalination plant
supplies the entire region, it should produce 2,500 million liters per month. Using the above
information to calculate the energy consumption of a “type” desalination plant, roughly 1
million liters/month require 6.3 kW of energy, so the cultivated area corresponding to tomato
crops in the San Quintin Valley would need (2,514 million 1/month) x (5.2 months) x (6.3
kW/million 1) = 82,359 kW or 82.4 MW of energy for irrigation. Similar calculations were
done for strawberry crops need (921 million I/month x 6.8 months x 6.3 kW/million 1),
resulting in 39.5 MW of energy consumption needed for irrigation. Therefore, the total
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energy demand to supply desalinate water for the two crops analyzed in the study region
during one agricultural cycle would be 121.9 MW.
In Mexico there are different elements involved in the calculations of electric energy cost:

1. Geography. The country is divided into 8 regions according to income of the
population. Different prices exist for each region.

2. Seasonality. The year is divided into summer and winter seasons. Different prices
exist for each season.

3. Type of use and amounts used. Four different uses are defined with several
categories each, according to the amount of energy used in each one: (a) residential,
(b) public services, (c) agricultural irrigation and (d) general purposes. Different
prices exist for each type of use and amount of energy used.

Considering the “type” conditions, the amount of Mexican pesos paid for each kWh of
energy in the agricultural sector (without a governmental subsidy) is $7.24 Mexican pesos.
Considering this, the total amount of money required to pay for the energy needed to
desalinate water for one agricultural cycle of tomato and strawberry crops in San Quintin,
would be 636 million Mexican pesos (approximately 35.3 million American dollars). With
the government subsidy (Special Energy Program for Agricultural Use) the total cost goes
down to between 27.2 and 54.4 million Mexican pesos (considering the different costs for
diurnal and nocturnal energy) or 1.5 to 3.0 million American dollars.

The potential of wind and solar energy in San Quintin region is very high [6], the
agricultural region is located near the coastline (between 1 and 10 km) directly in front of
the open ocean (Pacific Ocean), and it has available enough land for the installation of large
energy facilities (wind turbines, solar systems, etc.).

To meet the energy demand associated with desalination process for the crops analyzed
in this study (approximately 122 MW per agricultural cycle), only two general scenarios were
considered: exclusive use of photovoltaic solar energy and exclusive use of terrestrial and
marine wind energy. In the first case, considering solar panels with generation capacity of
250 W (common capacity of existing solar panels in the Mexican market), 488,000 solar
panels would be needed. In the second scenario, using operational information from wind
turbines in Europe [14] (in average 5,600 kW per marine turbine), the number of
wind turbines required to supply the energy demand in the agricultural region, goes from 22
(marine) to 44 (terrestrial).

4 CONCLUSIONS
This study confirms the premise that “water availability and growth are interconnected” [15].
For the San Quintin region, the only option available to exist as a successful agricultural area
is desalination. The two crops analyzed in this study require nearly 20 million cubic meters
of water per agricultural cycle, which are obtained through desalination. The calculations
show that regardless of the commitment made by farmers to obtain energy from renewable
sources, the cost of this transition will be very high.

The water-energy-food nexus has emerged as a useful concept to describe and address the
complex and interrelated nature of the global resource system, on which humans depend to
achieve different social, economic and environmental goals [16]. In the present study, these
links are evident and compromise the viability of the entire region.

The alternative visualized by the authors of this document implies a close collaboration
between producers and the government. First of all, a gradual transition to the use of
renewable energies is proposed, followed by a combination of power generation sources
based on a model such as the following:
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a) The agricultural producers must define, in a consensual manner, the percentage of

energy that will be generated using renewable sources without disconnecting from
the traditional power grid.

b) Individually, farmers with low-capacity desalination plants should try to comply

with the percentage established by means of photovoltaic cells.

¢) Large agricultural producers should partner with the government to establish marine

wind farms in the area. These projects must be implemented gradually until they
meet the established percentages. The timeframe also needs to be defined in a
consensual manner between producers and government.

d) All producers must collaborate with research centers and universities in the region

to find more efficient and cheaper ways to generate renewable energy in the
medium term.
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