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I. Introduction
The Political Constitution of the Estados Unidos Mexicanos stablish in their 25th article, that correspond to the Polity, the rectory of the national development for guaranteeing this to be integral and sustainable, that  strengthen the National Sovereignty and its democratic regimen, and  through the promotion of the economical increase and jobs and one fairest ingress and richness distribution, that can allow the full  practice of freedom and dignity of the individual, groups and social classes1.
Plus, the Development National Plan 2013-2018, recognize that “the countryside is an strategical sector because of its potential to reduce poverty and influence in the regional development”, and that “the capitalization of the sector must be strengthened” so it stablishes like one of the fifth national goal, a Prosperous Mexico that promotes the sustainable increase of productivity in an environment of economic stability and through the generation of opportunities equality , considering than an adequate infrastructure and the access to strategic supplies promote the competition and allow bigger capital flows and acknowledgment  for people and companies with a higher potential to take advantage of it. 
We look making tangible the previous ideas through the Concurrent Special Program for the Sustainable Rural Development 2014-2018, in the executor entity of the SAGARPA (Secretaría de Agricultura, Ganadería, Desarrollo Rural, Pesca y Alimentación) with one of the central goal: “Promote the access of the rural population  to the social rights through coordinated public and concurrent politics”, So it creates an programmatic structure to reach this goal, in which you will find the Agriculture Promotional Program.
El Agricultural Promotional Program has five components, in which it is the Renewable Energies, this has the specific goal of “Promote the use of renewable energies that contribute to mitigate the environmental impact, to promote the sustainability and increase the rentability”. The concepts of the incentives contemplated are for: 1. Exploitation systems of biomass through the establishment or maintenance of seedlings and/or commercial crops to produce biomass to bioenergetics; 2. Solar thermal systems; 3. Photovoltaic interconnected systems; 4 Photovoltaic autonomous systems, and 5. Other renewable energies projects (photovoltaic, biomass, gasification, aeolian, geotherm and/or minihydraulics).
The evaluation incentive is the photovoltaic interconnected systems, in which the Federal Government supports till 50% of the system cost without overtaking $800,000.00 (eight hundred thousand pesos 00/100 M.N) for physical people, and $1,200,000.00 (one million two hundred thousand pesos 00/100 M.N) for moral people, and can be applied all along the country, giving priority to the entities of Aguascalientes, Baja California, Baja California Sur, Chihuahua, Coahuila, Durango, Guanajuato, Hidalgo, Jalisco, Edo. México, Queretaro, San Luis Potosí, Sinaloa, Sonora, Yucatán, and Zacatecas.
There is made and evaluation in the wells used for agricultural irrigation of the Universidad Autónoma Chapingo, there are realized three studies of economic feasibility, in which the only that varies is the government subsidy about the electric rates and the photovoltaic system: 1) Economic analysis with subsidy to the electric rate and without subsidy to the photovoltaic system; 2) Economic analysis with subsidy to the electric rate and the photovoltaic system; 3) Economic analysis without subsidy to the electric rate and the photovoltaic system.

II. Methodology.
 All the available information was checked about wells for agricultural irrigation for the University, to determinate the necessary potency of each bomb and that the requirements of the interconnected photovoltaic system installation to the Electricity Federal Commission (CFE) net, using this information, the mart costs of this systems for each of the wells were quoted, and then the economic indicators with and without subsidy were calculated, in the initial inversion as in the operation costs (electrical energy).

II.1. Place characterization
The Universidad Autónoma Chapingo is ubicated in the municipality of Texcoco de Mora, Estado de México, in the highway México-Texcoco in kilometre 38.5. In coordinates 19°29’16” N and 98°53’20.43” W, taking as reference rectory, which is the principal building of this university.
[image: ]
Illustration 1. Localization of study place

II.2. The solar radiation in the studied zone.
Mexico is ubicated in a privileged geography position, because receives the necessary solar radiation for the solar system to operate in a good part of the year, for the studied place, Chapingo, the annual average of solar radiation is 5.1 kwh/m2/day.

II.3. Information about bomb equipment of wells for irrigation.
The data presented in #1 table, correspond to a research work realized in 2010, only was taken the information about agricultural bomb systems from the Universidad Autónoma Chapingo.

II.4. Photovoltaic installation calculus 
For this calculus, it is taken a bomb equipment efficient of 55%, taken it like an average, the moto-bombs vary in their efficiency through their useful life, in general, the maximum efficiency is around the 70% and the minimum acceptable efficiency is 40%. Is an equipment is designed with a high efficiency, the system will not cover the energy demand when the efficiency goes down, in other way, if the photovoltaic system is designed with and low efficiency, this will have a higher potency than the needed and when the efficiency goes down it won’t be enough of the needed, the disadvantage of this is that the selected system will be more expensive.

Table 1. Installed bomb equipment data in the Universidad Autónoma Chapingo
	Well name
	Use
	Bomb tyme
	Motor type
	Bomb equipment potency
	Waste (lps)

	Electromecanic 
efficienty(%)
	CDT* (m)
	Concessioned volume (m3/year)
	Extracted volume  (m3/year)
	Opeation time (hour/year)

	Montecillos (Cerona)
	Agrocultural
	Submersible
	Electric
	100HP,440V
	28
	33
	70.55
	343,440
	222,673
	2,209.06

	Tlapeaxco
	Agrocultural
	Vertical turbine
	Electric
	100HP,440V
	44.3
	54
	76.53
	343,440
	135,386
	848.92

	San Ignacio I
	Agrocultural
	Submersible
	Electric
	HP,220V
	33.33
	36.6
	69.73
	248,832
	213,436
	1,778.81

	San Ignacio II
	Agrocultural
	Submersible
	Electric
	HP,220V
	26.32
	44
	70.56
	270,000
	251,660
	2,655.99

	El Horno (INIFAP)
	Agrocultural
	Submersible
	Electric
	X
	7.8
	58
	93.03
	105,120
	105,007
	3,739.55

	El Olivar
	Agrocultural
	Submersible
	Electric
	85HP,220V
	36.4
	48
	110.17
	788,400
	260,140
	1,985.2

	Xaltepa
	Agrocultural
	 Vertical turbine
	Electric
	150HP,220V
	45.45
	69
	83
	441,000
	334,345
	2,043.42

	San Bartolo
	Agrocultural
	Submersible
	Electric
	125HP,440V
	71.43
	60
	87.4
	308,700
	283,570
	1,102.75

	San Pedro
	Agrocultural
	 Vertical turbine
	Electric
	75HP,220V
	19.8
	52
	106.38
	441,000
	78,680
	1,103.82

	San Juan I
	Agrocultural
	 Vertical turbine
	Electric
	100HP,440V
	38.05
	54
	154.34
	326,340
	177,085
	1,292.78

	San Juan II
	Agrocultural
	Submersible
	Electric
	125HP,440V
	36.6
	50
	144.94
	396,900
	546,775
	4,149.78

	San Juan IV
	Agrocultural
	Submersible
	Electric
	100HP,440V
	9
	30
	188.49
	52,920
	93,050
	2,871.91


* Total dynamic load. Cruz Hernández, 2010

Calculus of the moto-bomb power consumed.
 …. (1)
Where:
P: Consumed power
Q: Waste (m3/s)
CDT: Total dynamic load
E: electromechanically efficiency (decimal)

Consumed power in hours in the day
…… (2)

II.5. Losses in the photovoltaic system
The photovoltaic system will have a series of losses, from the installation, the real conditions of work to the energetic performance, so that is necessary to calculate each one of this to determinate the energetic performance of the installation, defined as the installation efficiency:
PR=100%- PPot-PTemp-PSuc-PSomb-PDeg-PElec-PRef… (3)

PR: “Ratio Performance” or energetic performance
PPot: Losses because of dispersion of the modules potency
PTemp: Losses because of temperature increasing from the photovoltaic cells.
PSuc: Losses because the dirt accumulation in the modules
PSomb: Losses because of shadows
PDew: Losses because of modules degradation
PElec: Electric losses
PRef: Reflectance losses

II.6 Solar panel selectrion and calculus of the number of solar modules.
The panel to use is one of the type monocristaline, with a maximum potency of 260 W, and an efficiency of 18%.
The number of panel will be calculated with the next equation.
…. (4)
Where:
Ced(wh/day)= Estimated daily consume
PMP (W/modules)= Maximum potency of the selected module
HSP (h/day)= Maximum sun hours
PR (adim)= Ratio performance

II.7. The microinversors 
Most of the photovoltaic modules generate direct current but the motors and motobombs used are of alter current, so that it is necessary to use this mechanism that allow to convert direct current into alter current.
… (5)


II.8 Economic analysis
For the determination of the economic feasibility in this projects it is used the economic indicator of the Net Present value:
…………(6)
Where:
VPN= Net Present Value
S0= Initial inversion
St= Flow of the net cash of the t period
t= Number of the life periods of the project
i= Minimum attractive recovery rate.

III. Results
To illustrate the results, there are taken the data form the well denominated “Xaltepa” and first it is calculated the technique requirements of design to determinate the initial inversion of the photovoltaic system, after the electric energy costs, that are the operation costs, and at the end the Present Net Value
[bookmark: _Toc481632205][bookmark: _Toc481632387]Table 2. Xaltepa well data.
	Well’s name:
	Xaltepa

	Latitud:
	19° 29´18.57´´ N

	Lenght:
	98°52´32.08´´ W

	Caudal (lps):
	45.45

	Waste(m3/s)
	0.04545

	CDT (m)
	82.997

	Electromechanic efficienty (%)
	55


	Operation hours (h/days)
	5.6



Calculus of the consumed potency of the moto-bomb:
In accordance of the bomb data, we apply the equation (1):


Consumed potency in hours per day:
Applying the equation (2):


Calculus of the photovoltaic system losses:
Applying the equation (3):
PR = 100% - 3% - 7.13% - 3% - 2% - 1% - 1.5% - 3% = 79%

Calculus of solar panels
Applying the equation (4):
339.81 ≈ 340 solar panels

Calculus of the microinversors 
Applying the equation (5):
 = 85

III.1 Determination of the initial inversion

All the quotes were made of all the photovoltaic systems for the different wells, in the Annex 1 it is appreciated of the Xaltepa well. The table 3 resumes this information.

[bookmark: _Toc481632208][bookmark: _Toc481632390]Table 3. Initial inversior for all the well with agricultural aims from the UACh.
	Well
	Initial inversión
	Well
	Initial inversion

	Montecillos (Cerona)
	$1,885,402.00
	Xaltepa
	$2,873,724.00

	Tlapeaxco
	$1,460,348.00
	San Bartolo
	$2,638,296.00

	San Ignacio I
	$1,837,356.00
	San Pedro
	$1,303,396.00

	San Ignacio II
	$2,072,784.00
	San Juan I
	$2,850,262.00

	El Horno (INIFAP)
	$1,405,334.00
	San Juan II
	$7,098,480.00

	El Olivar
	$2,960,290.00
	San Juan IV
	$2,049,322.00




III.2. Operation costs of electric energy.

For this cost, it is considered the 9CU rate that is the subsided and the not subsided (9 and 9M, low and middle tension, considering also the next.
· The cost of the 9CU rate has increased in a 2% according to data of the CFE4, and it is used this increase to project the rise in the operation costs.
· In the 9 and 9M, the costs are calculated through the stepped rates of the CFE, watch table 4, with an increase of the 2% monthly.
· 
Table 4. Initial data for the pojection of the 9 and 9M rates.
	Enero -2005

	Rate
	1-5000 Kwh
	5001-15000 Kwh
	15001-35000 Kwh
	Aditional
Kwh

	9
	0.481
	0.533
	0.585
	0.641

	9M
	0.481
	0.541
	0.589
	0.645


T
he operation costs with and without subsidy of electric energy can be seen in table 5.

III.3. Determination of the benefits and composition of the cash flows
In the scenery #1, the economic analysis is made with subsidy in the electric rate, there is no type of additional benefit, it is only contemplated the inversion in the photovoltaic system and the operation costs are paid with the electric rate with subsidy (actual). In the scenery #2, the inversion is realized but you will have the subsidy in the initial inversion for an amount of $1,200,000 and the operation costs with the electric rate with subsidy (actual), so the subsidy will be a benefit that will present in the year 0. And in the scenery 0, the economic analysis without subsidy in the photovoltaic system and without subsidy in the electric rate, without additional benefits in anyway.

III.4 Calculus of the Net Present Value
The calculus of this indicator was realized in an interest rate of 6.43%5, the results of the 3 sceneries proposed are observed in the table 6.
In the scenery #1, you can observe that in the actual situation, when the user pay preferential electric rates (subsided) it is not economically attractive making an inversion in a photovoltaic system, because the electric energy cost that you pay during the 25 years it is not enough to be higher than the inversion you realized. In the scenery #2 it can be attractive to the bomb equipment with a less of 100 HP potency in less than 100 m, the ones that exceed this condition there are not economically viable. The scenery #3 reflects the situation´s condition without any type of subsidy, neither the inversion or the operation costs, from the user´s point of view, in the moment that the electric rate subsidies are eliminated they will have to look for other options of energy because of the high operation costs, and this option is viable.
Table 5. Operation costs with and wihout electric rate subsidy[image: ]
Table 6. Net Present values of the 3 sceneries from the analysis values.
	Wells
	VPN without subsidy
	VPN with subsidy to the photovoltaic system
	Electric rate
	VPN without subsidy in the electric rate the photovoltaic system.

	Montecillos (Cerona)
	-$1,042,731.42
	$157,268.58
	9
	$424,323,791.72

	Tlapeaxco
	-$925,097.82
	$267,672.61
	9
	$266,379,453.59

	San Ignacio I
	-$1,039,030.85
	$160,969.15
	9
	$400,380,303.58

	San Ignacio II
	-$1,130,279.39
	$69,720.61
	9
	$469,935,384.51

	El Horno (INIFAP)
	-$881,179.84
	$318,820.16
	9
	$253,422,681.05

	El Olivar
	-$1,427,203.34
	-$227,203.34
	9M
	$771,652,097.24

	Xaltepa
	-$1,479,785.61
	-$279,785.61
	9
	$737,703,071.84

	San Bartolo
	-$1,401,700.79
	-$201,700.79
	9
	$614,518,102.41

	San Pedro
	-$856,699.28
	$343,300.72
	9
	$615,853,002.41

	San Juan I
	-$1,378,972.81
	-$178,972.81
	9M
	$731,293,872.87

	San Juan II
	-$2,839,912.19
	-$1,639,912.19
	9M
	$2,307,141,395.21

	San Juan IV
	-$1,108,522.84
	$91,477.16
	9
	$477,248,886.07



IV. Conclusions
The photovoltaic systems are technically feasible, the República Mexicana is ubicated in a place where it receives the solar radiation necessary to supply a big demand of electric energy, but it presents the disadvantage of being variable because of the meteorological conditions. To avoid the variations, they will have to design with security factor of approximately 20%, this although makes more expensive the system, ensures the demanded energy.
The initial inversion of the photovoltaic system is high, nevertheless other issues have to be highlighted, as the ambient; where the advantage is that it doesn’t emit contaminated gases to the atmosphere, this allows an improvement of quality of life of the people, making these systems viable. 
The photovoltaic energy as being removable you can be sure that it will be available for lots of years, having a hopeful future in its use, because in the last years this systems has been having a remarkable increase, in contrast with the fossil fuels that are failing and being more expensive in a high speed rhythm, this will made that slowly the photovoltaic energy will get cheaper.
Of the results of the economic analysis we can conclude that:
1. For the user of the CFE it is not convenient to install a photovoltaic system when this has a payment rate subsided by the SAGARPA and the CFE, in such a way that instead of paying in average 9.30 $/kwh with the rate #9, you pay only .58 $/kwh with the rate #9CU, for the year 2017.
2. For the CFE and the SAGARPA it is feasible the photovoltaic system, the inversion that realizes in the year 0 because of the bought of the system, it is recovered in most of the studied well between the year one and two, in this way, if the subsidies didn´t exist in the rate #9CU, every photovoltaic system is economically feasible, because the electric energy cost is higher.
3. The high initial cost of the photovoltaic system are based principally to the use of investors from direct current to alter current.
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Año Tarifa 9CU Eficiencia

Potencia 

requerida

Consumo 

eléctrico 

anual

Costo anual 

de 

electricidad

Consumo 

mensual de 

electricidad

Consumo 

anual de 

electricidad

Costo anual de 

electricidad

$/Kwh  (%) Kw Kwh/Año $/Año Kwh/mes Kwh/año $/año

2018 $0.60 42 88.163 180154.687 $108,092.81 15012.8905 180154.687 $2,280,377.55

2019 $0.62 60 61.714 126108.281 $78,187.13 10509.0234 126108.281 $1,995,138.49

2020 $0.64 57 64.962 132745.559 $84,957.16 11062.1299 132745.559 $2,669,975.22

2021 $0.66 54 68.571 140120.312 $92,479.41 11676.6926 140120.312 $3,582,973.16

2022 $0.68 51 72.605 148362.683 $100,886.62 12363.5569 148362.683 $4,823,028.41

2023 $0.70 48 77.143 157635.351 $110,344.75 13136.2792 157635.351 $6,514,767.25

2024 $0.72 45 82.286 168144.374 $121,063.95 14012.0312 168144.374 $8,834,363.20

2025 $0.74 42 88.163 180154.687 $133,314.47 15012.8905 180154.687 $12,034,309.74

2026 $0.76 70 52.898 108092.812 $82,150.54 9007.73433 108092.812 $8,951,646.88

2027 $0.78 67 55.267 112932.789 $88,087.58 9411.06572 112932.789 $11,890,293.99

2028 $0.80 64 57.857 118226.513 $94,581.21 9852.20942 118226.513 $15,825,273.80

2029 $0.82 61 60.703 124040.932 $101,713.56 10336.7443 124040.932 $21,108,753.75

2030 $0.84 58 63.842 130456.842 $109,583.75 10871.4035 130456.842 $28,224,293.52

2031 $0.86 55 67.325 137572.67 $118,312.50 11464.3891 137572.67 $37,839,419.47

2032 $0.88 52 71.209 145509.555 $128,048.41 12125.7962 145509.555 $50,881,199.33

2033 $0.90 49 75.569 154418.303 $138,976.47 12868.1919 154418.303 $68,646,056.36

2034 $0.92 46 80.497 164489.062 $151,329.94 13707.4218 164489.062 $92,961,324.52

2035 $0.94 43 86.113 175965.043 $165,407.14 14663.7536 175965.043 $126,426,357.60

2036 $0.96 40 92.571 189162.421 $181,595.92 15763.5351 189162.421 $173,620,978.38

2037 $0.98 60 61.714 126108.281 $123,586.12 10509.0234 126108.281 $143,750,759.39

2038 $1.00 57 64.962 132745.559 $132,745.56 11062.1299 132745.559 $192,373,094.57

2039 $1.02 54 68.571 140120.312 $142,922.72 11676.6926 140120.312 $258,155,068.30

2040 $1.04 51 72.605 148362.683 $154,297.19 12363.5569 148362.683 $347,501,689.66

2041 $1.06 48 77.143 157635.351 $167,093.47 13136.2792 157635.351 $469,392,347.35

2042 $1.08 45 82.286 168144.374 $181,595.92

14012.0312 168144.374 $636,520,434.81

Consumo con subsidio

Consumo sin subsidio


