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• Index



• Features of offshore wind

- Decrease environmental impact

- No land occupation

- Higher wind speed and stability, more kWh/kW

- Less turbulence can increase service life

Notas del ponente
Notas de la presentación
Although this project has been carried out for an offshore wind primary energy. It can be any other renewable energy



• Features of green hydrogen

- Does not cause GHG emissions

- Low bulk density

- Use where produced

- Difficult to transport and store

- Requires water for its production 



• Green hydrogen production
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Water network

1º design

1ºDes i gn  

Notas del ponente
Notas de la presentación
In the first design, there is an installation connected to the grid. Because of the double advantage over the grid and over the installation. You can contribute to flattening the demand curve, pouring production in peak hours, and consuming in off-peak hours. Acting as a Power to Gas.
1.- The water network supplies water to the installation



Hydrogen station

The implementation of the first hydrogen station in the island will serve as 
a catalyst for other companies to add them to existing, or new service 
stations, and for the appearance of vehicles equipped with fuel cells. 

1ºDes i gn  



The water cycle in Canary Islands accounts for more than
20% of the total electrical energy consumed.

Fresh water in Canary islands

Lanzarote 100%
Fuerteventura 100%
El Hierro    90%
Gran Canaria 86%
Tenerife 47%

Percentage of desalinated water, with respect to consumption on each island: 

1.- Need for water

1.4
1ºDes i gn  

Notas del ponente
Notas de la presentación
We are going to analyze different problems of the Canary Islands, which will make the design solution evolve



• Fresh water in Canary islands 2.4

https://www.eldia.es/la-gomera/2020/06/11/san-sebastian-gomera-limita-usos/1085927.html

https://www.eldia.es/canarias/2020/02/16/amenaza-emergencia-hidrica-planea-canarias/1051885.html

http://www.rtvc.es/noticias/situacion-alarmante-de-las-presas-de-la-gomera-217572.aspx#.X1aO1ot7nZY

1ºDes i gn  

Dry well
Brackish well

https://www.eldia.es/la-gomera/2020/06/11/san-sebastian-gomera-limita-usos/1085927.html
https://www.eldia.es/canarias/2020/02/16/amenaza-emergencia-hidrica-planea-canarias/1051885.html
http://www.rtvc.es/noticias/situacion-alarmante-de-las-presas-de-la-gomera-217572.aspx#.X1aO1ot7nZY


• Fresh water in Canary islands

Evolution of rainfall in Canary Islands due to Climate Change
With different models used by AEMET, a reduction of between 
10-20% for the year 2,100

3.4
1ºDes i gn  



• Fresh water in Canary islands 4.4

- Gran Canaria is the island in the world with the largest water storage 
capacity per surface. It has 69 large dams. 

- There are many reservoirs on the islands. The islands have considerable 
heights, with the idea of pumped storage.

1ºDes i gn  



• Green hydrogen and water production
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2º design

2ºDes i gn  

Notas del ponente
Notas de la presentación
First Evolution, water is not consumed from the network, but water is produced. More water than is necessary for the production of hydrogen, to launch onto the market.
In Canary Islands, we have more than 300 desalination plants



• Food dependency and agriculture
1.3

2.- Farmland abandonment

https://www.canarias7.es/canarias/gran-canaria/superficie-agricola-cultivada-20201026003307-nt.html
https://www.eldiario.es/canariasahora/agricola/agricultura/agricultura-canarias-sector-
primario_1_1891434.html

2ºDes i gn  

Cultivated area 34% Abandonment area 66%

Notas del ponente
Notas de la presentación
We continue to observe realities within Canary Islands, which could affect the design. The ratio of abandoned cultivation land in Canary Islands

https://www.canarias7.es/canarias/gran-canaria/superficie-agricola-cultivada-20201026003307-nt.html
https://www.eldiario.es/canariasahora/agricola/agricultura/agricultura-canarias-sector-primario_1_1891434.html


• Food dependency and agriculture
2.3

- Canary Islands in 2019 imported 4,785 Tons of nitrogen fertilizers 

3.- Lack of fertilizers
2ºDes i gn  



- More than 80% of the food we eat, comes from abroad
- 2.1M residents 15M tourists/year 

Spain:                   1.9   people / ha cultivated
Canary:               48 people / ha cultivated
Gran Canaria:   92.6  people / ha cultivated

• Food dependency and agriculture
3.3

4.- Food dependency
2ºDes i gn  
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3º design

• Green hydrogen, water and ammonia production
3ºDes i gn  

Notas del ponente
Notas de la presentación
After considering these problems, the 2nd design made has been modified. That contemplated hydrogen and water, adding an air separator, to obtain nitrogen, and being able to synthesize ammonia, which is derived to the market.



• Canary Energy

5.- Very low energy diversification
6.- Bunkering service
7.- Very high energy dependence 

98% Petrol

1.11

2018 Data

3ºDes i gn  

Tons of oil equivalent (TOE)

Notas del ponente
Notas de la presentación
We can observe the energy diagram of Canary Islands in 2018, where it is contemplated that 98% of primary energy is oil. The weight of the fuel service to ships is 1/3 of the energy that enters the islands. Short diversification, and high dependence on foreign countries.
Tons of oil equivalent



Very high resource

• Canary Energy
2.11

3ºDes i gn  

Equivalent annual hours of operation of wind farms in Canary Islands. 
Year 2018

Notas del ponente
Notas de la presentación
High wind resource, with more than 4000 equivalent hours per year



• Canary Energy
3.11

Canary Wind Resource3ºDes i gn  

Monthly electricity production from wind farms in Canary Islands,
Gran Canaria and Tenerife. Years 2017 and 2018

Notas del ponente
Notas de la presentación
Strong seasonality of wind and solar resources, both are higher in summer and lower in winter



8.- Seasonal Energy Resource

Wind and Sun, greater in summer

• Canary Energy
4.11

3ºDes i gn  
Monthly electricity production from solar farms in Canary Islands, Gran 

Canaria and Tenerife. Years 2017 and 2018



9.- Six Small Isolated Electrical Systems 

- Low penetration of renewables
- Many disconnects to generation 

• Canary Energy
5.11

3ºDes i gn  

Notas del ponente
Notas de la presentación
We are 6 small isolated electrical systems, since only Fuerteventura and Lanzarote are connected. This harms the integration of renewables. Wind farms spend an average of 10% of the time with wind disconnected from the electricity grid, losing their production.



Wind farms are disconnected about 200 h/year on average, 
because the grid can not receive their production 

• Canary Energy
6.11

https://www.energias-renovables.com/eolica/una-propuesta-para-aprovechar-el-100-de-20200608

SNSP (System Non Synchronus Penetration)

3ºDes i gn  

https://www.energias-renovables.com/eolica/una-propuesta-para-aprovechar-el-100-de-20200608


• Canary Energy
7.10

REE: Maintain system stability
Unmanageable generation disconnection
In high resource valley hours 

3ºDes i gn  

Notas del ponente
Notas de la presentación
The problem occurs during off-peak hours, with a strong renewable resource value



• Canary Energy
8.11

https://www.diariodelanzarote.com/noticia/una-empresa-portuguesa-pide-instalar-cuatro-aerogeneradores-en-aguas-pr%C3%B3ximas-lanzarote

https://www.atlanticohoy.com/economia/hasta-siete-proyectos-avanzan-instalacion-energia-eolica-flotante-gran-canaria_1502164_102.html

https://www.laprovincia.es/economia/2020/09/24/greenalia-proyecta-cuatro-nuevos-parques-14091064.html

https://www.canarias7.es/canarias/gran-canaria/parque-eolico-marino-20201129012454-nt.html

XX
XXX

Many proposal

1,057 MW

Dec. 2018
153 MW

X

X

3ºDes i gn  Proposed offshore wind farms

Notas del ponente
Notas de la presentación
There are many offshore wind farms that have been proposed to be built on the east coast of the island of Gran Canaria. On the one hand, 250 MW Everyone forgetting the need for storage, and systems that allow flexible demand

https://www.diariodelanzarote.com/noticia/una-empresa-portuguesa-pide-instalar-cuatro-aerogeneradores-en-aguas-pr%C3%B3ximas-lanzarote
https://www.atlanticohoy.com/economia/hasta-siete-proyectos-avanzan-instalacion-energia-eolica-flotante-gran-canaria_1502164_102.html
https://www.laprovincia.es/economia/2020/09/24/greenalia-proyecta-cuatro-nuevos-parques-14091064.html
https://www.canarias7.es/canarias/gran-canaria/parque-eolico-marino-20201129012454-nt.html


• Canary Energy 9.11

https://www.canarias7.es/canarias/gran-canaria/cabido-invertira-millones-20201022202040-nt.html

The island administration proposes to generate the equivalent of the 
consumption of 28,100 homes and 75% of the consumption of the institution 
and its facilities, that is, 98 GWh per year of the 130 GWh it consumes

3ºDes i gn  

Notas del ponente
Notas de la presentación
The island's administration continues to propose implementing renewable generation. Without providing the increase of flexible systems or rapid response systems in the grid

https://www.canarias7.es/canarias/gran-canaria/cabido-invertira-millones-20201022202040-nt.html


10.- Decarbonisation Plan for the Canary and the Balearic Islands in 2,040 

- Electric Generation
- Transport …..

• Canary Energy
10.11

- As of 2023, the delimitation of low-emission zones will be generalized 
to all cities with more than 50,000 inhabitants in Spain

3ºDes i gn  

Notas del ponente
Notas de la presentación
Electric cars are only as clean as the way they produce the electricity they consume.



11.- Canary is a bunkering station in the middle Atlantic

• Canary Energy
11.11

- Little by little, green fuels will be used on vessels

3ºDes i gn  



- In Canary Islands 04/21, the unemployment rate is 24.1%, 282,523 unemployed
- But for those under 25 years old it is 50%
- In 2018 and 2019 it was 20% and 18.8%

• Population and employment

12.- High unemployment rate

3ºDes i gn  

Notas del ponente
Notas de la presentación
The unemployment rate on the islands has always been very high, not only because of the Covid-19 problem



• Distance and transport systems
- The port of Las Palmas. bunkering service

https://www.palmasport.es/es/suministro-de-combustibles/
https://intercop.es/es/puerto-de-las-palmas/bunkering-puerto-las-palmas/

NH3

[ LNG41%

- Port of Las Palmas:14,871 ships, about 20 Mt of goods, and 2.5M passengers
- Port of Las Palmas served 2.3 Mt of fuel and 0.3 Mt of water

Long trips

1.2
3ºDes i gn  

Notas del ponente
Notas de la presentación
It is an estimate of fuels for sail, until 2100. Arriving in that year the ammonia to 25%

https://www.palmasport.es/es/suministro-de-combustibles/
https://intercop.es/es/puerto-de-las-palmas/bunkering-puerto-las-palmas/


• Distance and transport systems
2.2

The first zero-emission commercial aircraft, which according to the 
company's forecasts would enter service in 2035 

H2

3ºDes i gn  

Notas del ponente
Notas de la presentación
The definitive fuel for aviation is yet to be resolved, but short trips, and not very large ones, will be solved with hydrogen by the year 2035 according to Airbus Company



Ammonia
Craker
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4º design

• Green hydrogen, wáter, ammonia and electricity production
4ºDes i gn  

Notas del ponente
Notas de la presentación
fourth design.
An ammonia cracker has been introduced into the scheme. What would allow trading with this compound, selling in times of high resources, and buying in times of low resources.
Fuel cells and combustion generators have been introduced to revert to the grid the energy stored.



• Conversations with a gas company

- Non energy gas service

4ºDes i gn  

Air Products

Notas del ponente
Notas de la presentación
After having conversations with gas companies, they warned us that gases obtained in these processes are demanded non-energy purposes.



Ammonia
Craker
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O2

Final design

• Hexageneration project
5ºDes i gn  

3MW

48m3/h

2.5MW

1 MW /
0.4 MWh 

Notas del ponente
Notas de la presentación
The following scheme is obtained where oxygen and nitrogen have been added, giving these gases a market outlet. With this, we have reached the final design.
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Project 
description

• Primary energy: Wind

There will be offshore wind turbines in situ, 
everything being connected to the electrical grid 



• Raw materials

Air and seawater will be the main raw materials for these processes

Project 
description



• Future Project: Hepta-Generation

Ammonia
Craker
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C02

E-fuel

O2

Project 
description

Notas del ponente
Notas de la presentación
A Fisher tropsch cycle has been added, in order to produce e-fuels, by capturing CO2 from a nearby thermal power plant, which in the future could be from the air



• Proyecto: Hexa-Generación

H20Sea Water

Air

Renewable
Electricity

desalation

Air 
Separation

Electrolyzer

Haber-Bosch
Syntethyzer

Losses

Losses

Losses
NH3

N2

H2

Losses

e-fuels

CO2
Fischer 
Tropsch

Losses

electricity

O2

Project 
description

Notas del ponente
Notas de la presentación
You can see a flow chart of all the products produced



• Ammonia possibilities

NH3 is the only option to 
achieve decarbonization

Project 
description

Notas del ponente
Notas de la presentación
The capacities of ammonia are shown as one of the possibilities of storing and transporting energy. We all know it like an hydrogen carrier



• Project innovation. Software
We use a Scada network for data and actuator Project 

description

Notas del ponente
Notas de la presentación
Has this Project been limited to joining existing processes? Where is the novelty? the new idea? A software composed of as many modules as productive processes is contemplated is under development. Being able to increase or reduce the processes to include. Each process will include its technical limitations of operation, and its relationship with the other processes. In any case, it will be a multi-objective software, being able to obtain a Pareto curve with equally optimal solutions, or to vary the weight between the different objectives. Out of stock, maximum economic benefit, minimum carbon footprint.



• Inputs Software

Storage level Demand forecast

Resource Estimate Electricity price

Project 
description



• Outputs Software

Production of H2, N2, O2, NH3 and/or H2O 

Sale or purchase of the grid

Storage Loading or unloading

Project 
description



• Each process. Operation

Each process has its various restrictions, such as:
• Performance losses due to alterations in its operating regime
• Stop and start ramps
• Minimum disconnection time after a stop
• Maximum number of stops per day

Descripción 
del proyecto 



• Artificial intelligence Software

The use of artificial intelligence will allow the 
operating software to adjust to each specific 
project, determining the inertia of each process, 
the benefit or harm to the efficiency of the 
system, with each decision.

Descripción 
del proyecto 



• Modular software

The software will be made up 
of modules, so that more or 
less productive processes 
than those proposed in this 
project can be associated. 
Obtaining the optimum in its 
Global management.

Project 
description

Robust design

Notas del ponente
Notas de la presentación
Has this Project been limited to joining existing processes? Where is the novelty? the new idea? A software composed of as many modules as productive processes is contemplated is under development. Being able to increase or reduce the processes to include. Each process will include its technical limitations of operation, and its relationship with the other processes. In any case, it will be a multi-objective software, being able to obtain a Pareto curve with equally optimal solutions, or to vary the weight between the different objectives. Out of stock, maximum economic benefit, minimum carbon footprint.



• Multiobjetive optimization software
Descripción 
del proyecto 

We can change the weight of the different goals. Minimum carbon footprint, out 
of stock, maximum integration of renewables, maximum economic benefit ...
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• Conclusions I. Project simulation
Conclusions

3,717 MWh to grid 
116.42  t  of H2
145.00  t  of NH3 

21,600 m3 of water 
In total, this project will have the capacity 

to avoid 4,532 t of CO2 per year.

3     MW wind turbine
2.5  MW electrolizer

Notas del ponente
Notas de la presentación
The production values ​​of a simulation obtained are presented



• Conclusions II. For Canary Islands 

The present study, allows to direct integrated solutions, to all the raised 
social problems, to a great extent.

Conclusions

Reduction of energy and food dependency

Increasing the use of renewables

Decarbonization of the economy by joining the 
European objectives for the first time

Creation of jobs and diversification of the economy 
and energy

Growth in the services of our ports



• Conclusions III. Similarities with the rest of Spain

Abundance of natural energy resources

High energy dependence

Low economic diversity

It constitutes an energy island, due to its few current electrical 
connections with the rest of Europe

Deficiency of fresh water for activities

High unemployment rate

Ports of relevant activity

It would be like planting a seed, from which we will all learn, in order to 
implement its replica, total or partial, in various parts of our geography. 
Analyzing similarities Spain-Canary Islands 

Conclusions



• Conclusions IV. Similarities with Europe (I)

We have seen the energy, the ports, but we would be surprised if the lack of 
water and unemployment are common problems with part of southern 
Europe

Conclusions



• Conclusions V. Similarities with Europe (II)
Conclusions



• Conclusions V. Similarities with Europe (III)
Conclusions



• Conclusions VI. Similarities with Europe (IV)
Conclusions
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Real Project

Nowaday s

It will have 1.7GW of wind and solar photovoltaic energy connected to a 500 
MW electrolyzer that will produce 40,000 tons of green hydrogen per year.

Notas del ponente
Notas de la presentación
It will have 1.7GW of wind and solar photovoltaic energy connected to a 500 MW electrolyzer that will produce 40,000 tons of green hydrogen per year.



Real Project

Nowaday s

X 4

Notas del ponente
Notas de la presentación
In the future, It will be expanded to a 2GW electrolyzer that will produce 160,000 tons of green hydrogen per year.



Real Project

That Project will need 360,000 m3/year. In 
the begining. In the 2º step 1.44 hm3/year

Public water supply in the City of Zaragoza in 2019 was 58.6 
hm3 with a population in the city of 716,040

Nowaday s

Then the project will consume in the second 
phase the equivalent of a population of 
17,595 inhabitants



Real Project

Nowaday s

Notas del ponente
Notas de la presentación
Project location. Near a river, near the coast?



Drought map in Spain this year

Nowaday s

Notas del ponente
Notas de la presentación
A map of Spain where the areas most affected by this year's drought are marked, not finding the region where the project in question is located



Drought map in Spain in 2022

Nowaday s



Local drought news

Nowaday s

Notas del ponente
Notas de la presentación
But if there is other news of the lack of water at the local level,



Regional drought news

https://www.heraldo.es/noticias/aragon/2022/02/13/prolongada-sequia-mantiene-vilo-campo-amenaza-campana-de-
riego-1552463.html

Nowaday s

Notas del ponente
Notas de la presentación
But if there is other news of the lack of water at the local level, in the autonomous community,

https://www.heraldo.es/noticias/aragon/2022/02/13/prolongada-sequia-mantiene-vilo-campo-amenaza-campana-de-riego-1552463.html


South of Spain drought news

Nowaday s

Notas del ponente
Notas de la presentación
and further south of Spain. Worse



Topical question

Nowaday s

Which crops be will watered first?

Notas del ponente
Notas de la presentación
Currently, the priority in the face of water shortages is the population. But then crops or hydrogen production will be the second priority. What type of crop? Eat or travel by car?



Clean Energy. Biofuels

Pas t

Notas del ponente
Notas de la presentación
In the past, biofuels were dressed as clean fuels, and a lot of hunger and many forests suffered



Clean Energy. Biofuels Plants in Spain in 2007

Pas t

Notas del ponente
Notas de la presentación
Map of biofuel and biodiesel plants in Spain 2007. Does anyone remember? Can someone tell me how many are in operation today?



Clean Energy. Biofuels

Pas t

Notas del ponente
Notas de la presentación
In the past, biofuels were dressed as clean fuels, and a lot of hunger and many forests suffered



Clean Energy. Biofuels

Pas t



Clean Energy. Biofuels

Pas t



Clean Energy. Biofuels

Pas t

Notas del ponente
Notas de la presentación
4th generation biofuels emerged, which did not compete with food. Neither for products, nor water, nor land



Clean Energy. Green Hydrogen

P re sen t

Notas del ponente
Notas de la presentación
The effect of climate change on global rainfall



Clean Energy. Green Hydrogen

P re sen t

Spain

Notas del ponente
Notas de la presentación
The drought in Spain makes us think, what is green hydrogen? When there is no water for other uses!



Clean Energy. Green Hydrogen

Fu tu re

H2



Green hydrogen like clean energy

Fu tu re

Important don´t fight for fresh water

Notas del ponente
Notas de la presentación
Hydrogen production should never fight for the availability of water



Green hydrogen like clean energy

Fu tu re

I want to make it clear. 

That this is not a criticism of this project, if not a 
manifestation of my ignorance. 

And my strong desire to know the solution of 
this project to the aspect of water

Notas del ponente
Notas de la presentación
Hydrogen production should never fight for the availability of water



Good news

Nowaday s

https://doi.org/10.1016/j.jclepro.2020.121627

Notas del ponente
Notas de la presentación
With this diagram, we observe that osmosis requires a very small percentage compared to the energy consumption of the electrolyser. With what the future is hopeful doing things right from now

https://doi.org/10.1016/j.jclepro.2020.121627
antonio pulido
Resaltado

antonio pulido
Resaltado



Thank you very much for your 
attention

Antonio Pulido Alonso
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