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ABSTRACT

In order to slow down adverse global anthropogenic effects such as global climate change and the destruction of ecosystems,
alternative energy sources that are clean, renewable, and efficient are needed to replace the existing energy sources.

Double Energy Input is a novel invention that gathers two renewable energy resources: hydro-electrical power and geothermal power.
This invention utilises the sea as its reservoir, the dam is a wall of a big pit hole, and in the base of such pit, we will use the geothermal
power for ridding off the water.

This model is designed to generate between 1,200 — 1,500 MW of power in the hydro-electrical phase and will generate about 4.86
tons of salt per second. An additional 800 MW of energy will be produced by supercharging the hot water at the bottom with heat
and pressure and running a vapour power plant.

This model provides an alternative means for producing clean and renewable energy with two abundant resources, sea-water and
geothermal heat.

1. NECESSITY OF SUSTAINABLE ENERGY.
1.1 Greenhouses gases effect on our planet.

According to the Joint Science Academies’ statement (2005), greenhouse gases have a positive effect on life on our planet. Without
them, the earth shall have temperatures 30 centigrade degrees lower than our actual temperature. But the problem is with human
activities that release and concentrate a large concentration of greenhouse gases in our atmosphere, from 280 ppm in 1750 to more
than 375 ppm today. Earth’s temperature increased by about 0.6 centigrade degrees in the twentieth century.

The Intergovernmental Panel on Climate Change (IPCC) estimates that the global surface temperatures will be increasing in a range
between 1.4 centigrade degrees and 5.8 centigrade degrees above 1990 levels by the end of this century.

Historically, the energy requirements of Humankind have increased sharply from time to time, and the rate of this growth is also
growing.

Power demand tremendously increased with the advent of industrialization, and fossil fuels relatively quickly displaced traditional
sources of energy.

But the increase in demand does not stop with the industrial revolution; the aerospace age requires more and more energy. The
livelihood of every country is improving, and more power is needed to fulfill the requirements of the citizens of each city.

Increasing production requires new ideas to develop more renewable energy production. Solar and wind power production are
trending technologies. And there is an essential growth in the development of such kinds of energies.

Renewables are taking more importance in the production of energy, and clean energy is required to fight back the problem of global
warming, pollution, and the destruction of the ecosystems.

1.2 Comparison of greenhouse gas production by source.

Energy production is essential for humankind. The way of living requires a high output of energy, and the demand is increasing
throughout time. With more population, it is needed more utilities, industrial production, and food. According to Vaclav (2017), by
2018 more than 80% of energy production is released by non-renewable resources.
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Energy consumption by source, World

Primary energy consumption is measured in terawatt-hours (TWh). Here an inefficiency factor (the 'substitution'
method) has been applied for fossil fuels, meaning the shares by each energy source give a better approximation
of final energy consumption
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Figure 1: “Energy consumption by source, World” According to BP Statistical Revie of World Energy, this chart shows the
proportion of the source of energy by production.

In figure 1, we can appreciate the gradual reduction in oil and coal use. But the rate of decline in the use of fossil fuels is slow. New
sustainable sources of energy are required to compete against the infrastructure and versatility of coal and oil. Therefore, DEI is a
proposal for a novel source of electrical energy.

2. DOUBLE ENERGY INPUT (DEI).
2.1 DEI Concept.

DEI is a new source of energy that combines Hydro-Electrical and Geothermal electricity production, using the sea as a reservoir and
the geothermal heat located at the bottom of a vast pit as a source of thermal energy.

The difference between the level of the sea and the bottom of the pit allows this model to produce energy from the kinetic energy of
the reservoir and the interaction with gravity.

2.2 Using sea-water as a source of Kinetic energy.

According to the National Ocean Service (of the United States of America), sea-water is allocated at a “sea-level” and covers more
than 70 percent of our planet surface, which means that there is no higher location of sea-water than the shore. The only movement
of such level of water is affected by the tide effect of the interaction between the Moon, the Sun, and Earth. With their respective
rotational and translational movements. Sea-water has a volume close to 1.35 billion cubic kilometres; therefore, it is a vast source
of liquid with kinetic potential.

2.3 Hydro-electrical phase of DEI.
Hydro-electrical power shall be produced from the kinetic energy of the water located at a higher surface than the pit.

Sea-water and the pressure generated with the water column will move four Pelton turbines at a depth of 1,870 meters underground.
Pelton turbine is the best option for DEI invention, due to the best performance in high heads and has the lesser volume of water.

As a part of this research, according to the information obtained in the The Bieudron Power plant information; Grand Dixence power
plant in Bieudron uses three Pelton turbines of a capacity of 400 MW each one, producing a total of 1200 MW of energy.

The head of the water shall produce about 20 MPa of pressure over the turbines. With such pressure, the rotation of the turbines. Each
turbine is designed to produce 420 MW of energy. The water will remain at the bottom of the pit once the energy has been produced.
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Figure 3: “DEI Conceptual model,” this figure is a graphic description of the invention.

The specific steps of the hydro-electrical phase are as follows:

DEI has a filter of inverse osmosis at 900 metres below sea level (1. In figure 3); a small reservoir of fresh-water will be allocated
just beside (2. In figure 3), at the same depth; Four Pelton turbines (each one will have the capacity of 423 MW) will be allocated at
1886 meters under the sea-level (3. In figure 3), and they will be feed by sea-water and fresh-water; The system will be loaded with
fresh-water and sea-water.

Filtered fresh-water shall help the cleaning process of the turbines. The filter process reduces the amount of pressure in the water at
about 8.2 MPa; this filter shall be allocated at a depth of 900 meters. That allows the filter functioning, using the pressure obtained
by the water column of 900 meters. During the cleaning process of the turbine, the pressure of the water will decrease from 20 MPa
to 11.8 MPa, producing about 60 percent of the energy generated by sea-water.

2.4 Hydro-electrical power calculations.
Calculations of the installed capacity of DEI Hydro-electrical process are as follows:

P=mxgx* Hnet*n
Where:
P = power, measured in Watts (W).

m mass flow rate is shown in kg/s (considering that 1 litre of water equals to 1 kilogram) g is the gravitational constant, which is
9.81m/s2 H net Is the net head.

This is the gross head physically measured at the site, less any head losses. To keep things simple head losses can be assumed to be
10%, so Hnet=Hgross x 0.9 n It is the product of all of the component efficiencies, which are usually the turbine, drive system, and

generator.

For a typical hydro system, the turbine efficiencies would be 85 percent, drive efficiency 95 percent and generator efficiency 93
percent, so that the overall system efficiency would be:

0.85%0.95%093=0.751i.e.75.1%
We shall convert the gross head into the clear net head by multiplying it by 0.9, so:
Hnet = Hgross x 0.9 =1886 x 0.9 = 1697.4m
Then convert the flow rate in m? into litres/second by multiplying it by 1000, so: m? 75 = 75,000 litres per second.
In this case
Hnet = 1886 *0.9=1,697.4m
and the flow rate is: 75000 litres per second, hence:

Power (W)=m* g * Hnet * n=76,500 * 9.81 * 1697.4 x 0.751 Power (W) =1,273.83 MW.
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Considering that 1 litre of water weighs about 1 kg, so m is the same numerically as the flow rate in litres/second, in this case, is
75,000 kg/s. But we will adjust our equation to have a better approximation with sea-water.

2.5 Water disposal.

A considerable challenge for disposing of the water underground is the flooding of our system, delivering the water underground will
face the pressure and temperature of the environment (hydrostatic pressure).

One of the proposals above was using depleted coal, iron, or copper mine. But it is hard to find a place like that, and it could be hard
getting a deal with the owner of the abandoned mine. As well such deep holes may fill with water from underground aquifers, for
example.

Therefore, I’'m proposing an Open-pit mining joint venture in a convenient place. The extraction of the mineral resources shall pay
for the cost of the open pit that we need, and gives some profits to the mining company.

Once the energy is produced, a high volume of water will remain at the bottom of the pit. The flow rate of DEI invention shall be
between 75 and 100 cubic metres per second. In 20 years, it will be loading to the pit, about 63 cubic kilometres of water.

Build a pit of such dimensions is not proportional to the profit of the electricity generation, therefore, returning the water to the
environment shall be the next step of DEI process.
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Figure 4: “Geothermal gradient in Sonora and Baja California” This map shows the regions with a high heat flow.

2.6 Geothermal phase of DEI.

The bottom of the pit shall be placed below 3,000 metres under the ground. According to Armenta (2011) the studies of the geothermal
region of Sonora and Baja California, the geothermal gradient at that place shall provide a temperature between 180 up to 300 Celsius
degrees. The amount of heat depends on the place that the pit shall be allocated.

The model is designed to be built at Guaymas, Sonora, México. Guaymas region is dry and hot. Close to the shore of the Gulf of
California or Cortés Sea. The flow of heat is above 200 mW/m2.

Such properties are optimal for the heat exchange at the bottom of the pit. We expect a surface temperature above 150 Celsius degrees
and a consistent radiation of the sun.

Fig. 18, Geothermal gradient map of Baja California Peninsula and Sonora State, the circles are in “Las tres Virgenes area” and in
“Guaymas Port in Sonora State.”

Both of the places have the following properties:

They are inside an area with a very high geothermal gradient. They have minerals to gather. They are very close to the shore. The
elevation of the shore is low.
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Sonora state is located in the north-west part of Mexico, along a strip that includes the great deserts of the world, it is characterized
by extreme climate changes, with high temperatures and evaporation and very low rates of precipitation, runoff, and infiltration.

According to the Instituto Nacional de Estadistica Geografia e Informatica “INEGI” (2020), the State of Sonora has an average annual
precipitation of 336 millimetres, which is small, compared with Campeche (1,641 mm), Chiapas (2,093 mm), Tabasco (2,318 mm),
and the states located in the southeast part of Mexico.

The annual evaporation in Sonora is about 2,254 mm and the runoff is practically minimal. Therefore, the majority of rivers and
streams remain dry most of the year.

Based on the surface of Sonora, the precipitation volume is 64,894 millions of cubic meters, from which:

58,095 Mm3 (89.52%) evaporate; 4,444 Mm3 (6.85%) drain off ; 2,355 Mm3 (3.63%) infiltrate to recharge aquifers.

Figure 5: “Geothermal components of DEI” This figure represent the increase of the temperature of the pit, and the water
superchargers.

DEI model is designed for producing Hydro-electrical energy by letting the water flood the pit and evaporate with the geothermal
heat and the sun radiation. But additional energy may be producing supercharging water at the bottom of the pit. The process is as
follows:

Fill a big pressured tank of water with the residual water from the turbines., add pressure from the water loading system (from 1 MPa
to 32.3 MPa). Hermetically close the tank and wait until the exchange of temperature is done (we expect about 200 C° at the bottom
of the pit underground). After the exchange of temperature, we will have a pressure of 51.26 MPa; also, an internal change of 83,298
KWh, the efficiency of a steam power plant is close to 79%. Then 60 tanks of 5,000 cubic metres will be feeding our geothermal
station located at the bottom of the pit, with an installed capacity of 830 MW at a rate of 270 millions of litres of water steam per
hour.

2.7 Dimensions of the pit and evaporation ratio at the surface of the pit.

The pit shall be irregular or circular, but it will be required to have an area of 3.5 square kilometres at the bottom of the pit. The height
of the pit shall be at least 2,200 meters. As a reference, the AngloGold Ashanti’s Mponeng gold mine is the deepest mine ever made.
It has a depth of 3,800 meters.

Air has limited capability to contain water, and this ratio depends on several factors such as an evaporation coefficient, speed of the
air in the surface, water surface area, and the maximum humidity ratio of the air minus the current humidity of the air.

This is the formula for evaporation rate from water surface per second:
g"=60A4(x"-x)/3600

6 is the evaporation coefficient that is 25 + 19v v is the speed of the air at the surface, the mean wind speed in Guaymas, Sonora is
3.4 m/s (from 2.5 m/s to 3.95 m/s).

A is the area of the surface, that is 3,500,000 square meters.

x “is the maximum humidity ratio, it varies depending on the temperature, but for our current work, we expect temperatures from
150° to 180° Celsius degrees at the bottom of the pit, and that equals to 0.982.

x is the current humidity rate, in Guaymas the mean humidity in the humid months is 40% at 30° Celsius. That is 0.016.
5
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gs = (25 +19v) * A (x; —x) /3600
gs = (25 + 19+ 3.95) = 3,500,000 m2 * (0.982; — 0.016) / 3600
gs = (89.6) * 3,500,000 m2 * (0.966) / 3600
gs = 84,149.33 kg/s

That means that we can evaporate up to 84,000 kilograms of water every second.

Achieving such a rate of water evaporation per second will let us run our power plant freely. Salt recovery will be a challenge due to
the extreme conditions, but it is a resource that can be sold.

2.8 Non-Open-Pit model.
Considering the costs and the complexity of the open pit model, we started a new model.

The Non-Open pit model is a variant that changes the reservoir of the open pit, to an air reservoir under the sea, at two kilometres
below the sea level.

The estimated pressure of the reservoir shall be about 20 MPa; therefore, it is required to be build of reinforced cement. The
dimensions of this pit shall be:

Height: 15 metres; width: 500 metres; length: 500 metres.

The estimated volume of this reservoir will be 3°750,000 cubic metres. The turbines will be allocated at the entrance of the reservoir.
The space will be distributed as follows:

2,500,000 cubic metres will be used as the undersea reservoir.

500,000 cubic metres will be used as a reservoir of a high-temperature liquid, such as oil.

750,000 cubic metres will be used for the superchargers (each one shall contain about 5,000 cubic metres.

In this model, the water will flow and move the turbines; the water will lose pressure but generate the amount of energy estimated in
point 2.4.

The water shall be at 4 Celsius degrees. From the reservoir, the water will be allocated to each supercharger. The supercharger will
be heated with hot liquid.

The hot liquid shall not boil at least 300° Celsius degrees. The reservoir of hot liquid will be connected with an underground web of
horizontal drilling tunnels. Such underground web will be heated by the underground heat. Temperatures of 240° Celsius degrees will
be expected.

Considering the volume of water, the superchargers shall heat the water in one hour to a temperature between 180 to 150° to 180°
Celsius degrees and generate the estimated energy that we calculated in point 2.6.

The steams shall be captured at the surface and feed a steam power plant.

3. CONCLUSIONS

DEI is a novel proposal for energy generation. Further studies, modeling, and field investigations are required. We need to address
the optimal design for the fabrication of the parts of the DEI model, in an actual location, with several studies regarding the soil and
the existing infrastructure.

Opening a pit of such dimensions will be difficult, and we shall consider the complexity of digging and working on a hot surface.

Complex engineering is required to develop the non-open pit model of this novel idea, but it seems to be feasible and more
economically feasible than the open-pit model.

This idea seems feasible, and it would be more profitable if we add the mineral extraction industry and salt production to the
commercialisation plan.

The hydro-electrical part is the most complex because of the use of seawater and the removal of the used water.
Geothermal input will help allocate the water and the return to the environment without any kind of contamination.

Further research is required for the materials and corrosion with the sea-water. And it is required to make several test of corrosion
and cleaning of the turbines and the Hydro-electrical part of DEI.

Proceedings 43" New Zealand Geothermal Workshop
23-25 November 2021

Wellington, New Zealand

ISSN 2703-4275



ACKNOWLEDGEMENTS
I gratefully acknowledge God, for all, and for this opportunity.

The help and support of Lluvia, my wife, and Daniela, my daughter, my parents and siblings, and all my family, all of them for
believing in me.

The support and help of the CONACYT-SENER and Mexican government supported my application and studies.

REFERENCES

United Nations. (n.d.). Ensure access to affordable, reliable, sustainable and modern energy. Retrieved from
https://www.un.org/sustainabledevelopment/energy/

Vaclav Smil (2017). Energy Transitions: Global and National Perspectives. & BP Statistical Review of World Energy.,
http://vaclavsmil.com/2016/12/14/energy-transitions-global-and-national-perspectives-second-expanded-and-updated-edition/

Simon, J., Beisner, E., & Phelps, J. (1995). The state of humanity. Oxford: Blackwell.
Ritchie, H. & Roser, M. (2020). Renewable energy. Retrieved from https://ourworldindata.org/renewable-energy

Ibarra-Yunez, A. (2015). Energy reform in Mexico: Imperfect unbundling in the electricity sector. Utilities Policy, 35, 19-27.
doi:10.1016/j.jup.2015.06.009

How much water is in the ocean? (s. f.). National Ocean Service. Retrieved from https://oceanservice.noaa.gov/facts/oceanwater.html

SENER. (n.d.). Sistema de informacion energetica. Retrieved from
http://sie.energia.gob.mx/bdiController.do?action=cuadro&subAction=print

Aleman-Nava, et al. (2014). Renewable energy research progress in Mexico: A review. Renewable and Sustainable Energy
Reviews, 32, 140-153.

Aleman, G., Casiano, V., & Scarlat, N. (2020). Renewable energy research progress in Mexico: A review. Retrieved from
https://www.sciencedirect.com/science/article/pii/S1364032114000148

SENER. (n.d.). Indicadores energeticos nacionales. Retrieved from http://sie.energia.gob.mx/bdiController.do?action=temas
Workman, D. (2020). Mexico’s top 10 exports. Retrieved from http://www.worldstopexports.com/mexicos-top-exports/

Mundo-Hernandez, J., de Celis Alonso, B., Hernandez-Alvarez, J., & de Celis-Carrillo, B. (2014). An overview of solar photovoltaic
energy in Mexico and Germany. Renewable and Sustainable Energy Reviews, 31, 639-649. doi:10.1016/j.rser.2013.12.029

Solargis. (n.d.). Mapas de recursos solares de Mexico. Retrieved from https://solargis.com/es/maps-and-gis-data/download/mexico

Instituto Nacional de Estadistica Geografia e Informatica (1991). Datos basicos de la geografia de Mexico: Suelos de Mexico.
Retrieved from
http://internet.contenidos.inegi.org.mx/contenidos/productos/prod_serv/contenidos/espanol/bvinegi/productos/historicos/2104/
702825221218/702825221218 2.pdf

Aleman-Nava, G. S., Casiano-Flores, V. H., Cardenas-Chavez, D. L., Diaz-Chavez, R., Scarlat, N., Mahlknecht, J., ... Parra, R.
(2014). Renewable energy research progress in Mexico: A review. Renewable and Sustainable Energy Reviews, 32, 140-153.
doi:10.1016/j.rser.2014.01.004

Aleman-Nava, G. S., Casiano-Flores, V. H., Cardenas-Chavez, D. L., Diaz-Chavez, R., Scarlat, N., Mahlknecht, J., ... Parra, R.
(2014). Renewable energy research progress in Mexico: A review. Renewable and Sustainable Energy Reviews, 32, 140—153.
doi:10.1016/j.rser.2014.01.004

Flores-Armenta, M. (2011). Geothermal activity and development in Mexico. Presented at the Short Course on Geothermal Drilling,
Resource Development and Power Plants. Santa Tecla, E1 Salvador.

Prol-Ledesma, R. M., & Moran-Zenteno, D. J. (2019). Heat flow and geothermal provinces in Mexico. Geothermics, 78, 183-200.
doi:10.1016/j.geothermics.2018.12.009

Yokelson, R. (2011). Trace gas and particle emissions from open biomass burning in Mexico. Retrieved from
https://www.researchgate.net/figure/Map-showing-the-amount-of-biomass-burned-in-each-Mexican-state-as-calculated-by-
the_fig8 228351210

Valdez-Vazquez, 1., Acevedo-Benitez, J. A., & Hernandez-Santiago, C. (2010). Distribution and potential of bioenergy resources
from agricultural activities in Mexico. Renewable and Sustainable Energy Reviews, 14(7), 2147-2153.
doi:10.1016/j.rser.2010.03.034

Tennessee Valley Authority. (2000) File:Hydroelectric dam.svg. Retrieved from
https://commons.wikimedia.org/wiki/File:Hydroelectric_dam.svg

Proceedings 43" New Zealand Geothermal Workshop
23-25 November 2021

Wellington, New Zealand

ISSN 2703-4275


http://vaclavsmil.com/2016/12/14/energy-transitions-global-and-national-perspectives-second-expanded-and-updated-edition/
http://vaclavsmil.com/2016/12/14/energy-transitions-global-and-national-perspectives-second-expanded-and-updated-edition/

Alpig. (n.d.). Grande Dixence SA. Retrieved from https://www.alpiq.com/power-generation/hydropower-plants/storage-power-
plants/grande-dixence/

Arjun, Neenu. (n.d.). Difference Between Pelton, Francis and Kaplan Turbines. Retrieved from https://theconstructor.org/practical-
guide/hydraulics-lab/turbines-pumps/difference-between-pelton-francis-kaplan-turbines/38169/

Engineering ToolBox. (n.d.) Hydropower. Retrieved from https://www.engineeringtoolbox.com/hydropower-d_1359.html

Halbouty, M (2001). Giant oil and gas fields of the decade 1990-2000: An introduction. Retrieved from
http://www.searchanddiscovery.com/documents/halbouty03/

Vlaar, N. J., van Keken, P. E., & van den Berg, A. P. (1994). Cooling of the earth in the Archacan: Consequences of pressure-release
melting in a hotter mantle. Earth and Planetary Science Letters, 121(1-2), 1-18. doi:10.1016/0012-821x(94)90028-0

Save On energy (n.d.). How Geothermal Energy Works. Retrieved from https://www.saveonenergy.com/how-geothermal-energy-
works/

Save On energy (n.d.). How Geothermal Energy Works. Retrieved from https://www.saveonenergy.com/how-geothermal-energy-
works/

Grande  Dixence (n.d.). From EOS to  Cleuson-Dixence and Grande Dixence. Retrieved from
https://web.archive.org/web/20100225031721/http://www.grande-dixence.ch/energie/hydraulic/switzerland/from-grande-
dixence-cleuson-dixence.html

Posch, G. (2014). Manufacturing of turbine blades by shape giving cmt-welding. Paper presented at the Metal Additive
Manufacturing Conference. Vienna, Austria.

Schafer, D. (n.d.). The world’s largest fully water cooled hydro generators in the Bieudron Power Plant (Switzerland). IEEE
International ~ Electric  Machines and Drives Conference. IEMDC’99. Proceedings (Cat. No0.99EX272).
doi:10.1109/iemdc.1999.769255

Tunnel Intelligence (2008). Safety. Retrieved from
https://web.archive.org/web/20110717113025/http://www.tunnelintelligence.com/safety-in-detail-167.html

Nicolete, C., & Dreyer, M. (2018). Hydraulic Transient Survey at Cleuson-Dixence with Real-Time Hydro-Clone Monitoring
System. Retrieved from https://pdfs.semanticscholar.org/66ba/21{32a846345c5a4cd5f555bb114cceld9a3.pdf

Nicolete, C., & Dreyer, M. (2018). Hydraulic Transient Survey at Cleuson-Dixence with Real-Time Hydro-Clone Monitoring
System. Retrieved from https://pdfs.semanticscholar.org/66ba/21f32a846345c5a4cd5f555bb114cce1d9a3.pdf

Prol-Ledesma, R. M., & Moran-Zenteno, D. J. (2019). Heat flow and geothermal provinces in Mexico. Geothermics, 78, 183—
200. doi:10.1016/j.geothermics.2018.12.009

Rio Tinto. (n.d.). Diavik. Retrieved from https://www.riotinto.com/operations/canada/diavik

Environmental Working Group. (2020). EWG’s Tap Water Database: What’s in Your Drinking Water?. Retrieved from
https://www.ewg.org/tapwater/system.php?pws=FL5360325

U.S. Department of Energy (2016). Combined Heat and Power Technology Fact Sheet Series Retrieved from
https://www.energy.gov/sites/prod/files/2016/09/f33/CHP-Steam%20Turbine.pdf

Mining Technology (2019). The top ten deepest mines in the world. Retrieved from https:/www.mining-
technology.com/features/feature-top-ten-deepest-mines-world-south-africa/

Ghanizadeh Zarghami, A., Shahriar, K., Goshtasbi, K., & Akbari, A.. (2018). A model to calculate blasting costs using hole diameter,
uniaxial compressive strength, and joint set orientation. Journal of the Southern African Institute of Mining and
Metallurgy, 118(8), 869-877. https://dx.doi.org/10.17159/2411-9717/2018/v118n8al10

Grande Dixence. (n.d.). The Bieudron power station. Retrieved from
https://web.archive.org/web/20100225031738/http://www.grande-dixence.ch/energie/hydraulic/switzerland/bieudron-power-
station-altitude.html

U.S. Department of Energy (2016). Combined Heat and Power Technology Fact Sheet Series Retrieved from
https://www.energy.gov/sites/prod/files/2016/09/f33/CHP-Steam%?20Turbine.pdf

Proceedings 43" New Zealand Geothermal Workshop
23-25 November 2021

Wellington, New Zealand

ISSN 2703-4275



