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RESUMEN DEL PROYECTO 

Introducción 

En la última década, el sector eléctrico en 

Europa ha acometido grandes cambios 

con el fin de reducir las emisiones de 

gases de efecto invernadero y aumentar 

el uso de las energías renovables. 

La Unión Europea ha establecido unos 

objetivos en los que los distintos países 

deben alcanzar niveles concretos de 

generación de energía procedente de 

fuentes renovables. Para conseguir estos 

objetivos, en Europa se está tendiendo de 

manera muy notable hacia la 

descentralización, es decir, en lugar de 

haber unas pocas plantas de generación 

que alimenten a toda la población a 

través de redes de distribución y 

transporte, lo que se está instalando son 

muchas plantas individuales pequeñas, 

de forma que un consumidor se convierte 

en productor de su propia energía. 

Sin embargo, por una parte, en las zonas 

habitadas de España lo más común es 

que los edificios sean bloques con varias 

plantas o comunidades de propietarios. 

Por otra parte, España es uno de los 

países de Europa con más radiación 

solar, y, además, tiene una superficie 

deshabitada muy grande. Por estas 

razones se ha decidido desarrollar este 

proyecto, que lo que fomenta es la 

construcción de nuevas instalaciones 

fotovoltaicas a gran escala, de forma que, 

no sólo las personas que disponen de 

espacio útil para instalar placas solares 

en sus viviendas o edificios se pueden 

beneficiar del consumo de energía 

renovable, sino que también pueden 

consumir energía verde aquellas que no 

dispongan de estas instalaciones 

privadas, a través plantas de generación 

de gran escala que son más eficientes y 

que se conectan directamente a la red. 

Por otra parte, la tecnología Blockchain, 

que nació en 2009 para soportar a la 

moneda virtual Bitcoin, permite el 

registro de una transacción o cualquier 

acción en internet de manera 

descentralizada, fiable e infalsificable 

sin necesidad de la verificación de la 

misma por un tercero. En su lugar, 

existen varios nodos que compiten entre 

sí con el fin de verificar las transacciones 

a cambio de unas determinadas 

comisiones.  

Desde 2016, la mayoría de las nuevas 

instalaciones renovables en España se 

construyen tras la celebración de una 

subasta, por la que las empresas 

compiten por que sus proyectos sean los 

elegidos y así obtener un precio mínimo 

en la venta de su electricidad. Otra 

opción, que ya han llevado a cabo 

algunas empresas, es la construcción de 

la instalación de forma privada, de forma 

que se arriesgan a una remuneración 

dependiente del precio del mercado o del 

precio acordado en un contrato bilateral 

firmado directamente con un 

consumidor o una comercializadora, 

llamado Power Purchase Agreement 

(PPA). La tecnología Blockchain tiene 
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potencial en este sector, ya que las 

empresas podrían construir estas 

instalaciones de forma privada, pero con 

una inversión en la que participasen 

distintos inversores a través de un 

concepto parecido al crowdfunding 

haciendo uso del asset tokenization. El 

asset tokenization consiste en la división 

de la instalación en participaciones, que 

se podrían considerar como acciones, de 

forma que los inversores, que serán 

entidades legales, las adquieran y se les 

remunere de acuerdo al porcentaje de la 

instalación que ellos posean. 

Además, en la plataforma, estos 

inversores pueden invertir directamente 

en el proyecto concreto, diversificando 

su capital en los proyectos que ellos 

consideren. Actualmente se puede 

invertir en instalaciones renovables 

aportando dinero a un fondo de inversión 

o a empresas concretas, sin embargo, con 

este proyecto, los inversores pueden 

elegir las instalaciones concretas en las 

que invertir su dinero. 

Además de invertir en el proyecto, a 

estos inversores se les ofrece la 

posibilidad de obtener un Certificado 

como el Certificado de Energía Verde, 

que les ofrece la posibilidad de rastrear 

el origen de la energía que consumen, de 

forma que la cantidad de energía que 

ellos consumen en los puntos de 

consumo final debe ser la misma que la 

energía generada en esta instalación.  Es 

decir, no consumen directamente de la 

instalación, ya que, al estar conectada a 

red, la energía final que llega a los 

consumidores es la misma 

independientemente de su origen, sin 

embargo, estos consumidores tendrán la 

certeza de que, con estos certificados, 

garantizan que el pago por la energía 

consumida contribuye a la financiación 

de esta planta, y que toda o una parte de 

la energía que consumen procede de esta 

fuente renovable. 

 

Metodología 

Para llevar a cabo este proyecto lo 

primero que se ha hecho es decidir el tipo 

de monedas con las que va a funcionar 

esta plataforma. Para que los usuarios 

puedan hacer uso de la plataforma se ha 

creado el EC coin (Energy Community 

coin), que es el utility token del sistema. 

Los usuarios pueden cambiar dinero Fiat 

y otras criptomonedas para obtener la 

cantidad correspondiente en EC coins, de 

forma que puedan realizar pagos o 

transacciones a través de la plataforma. 

El EC coin es un stablecoin respaldada 

por el Euro, de forma que el cambio EC 

coin – Euro se realiza con la relación 1:1. 

Esto permite evitar las fluctuaciones de 

la criptomoneda y darle estabilidad al 

sistema. Las participaciones en las que se 

divide el proyecto mencionadas en el 

apartado anterior son las PGP 

(Photovoltaic Generation Participation), 

que son security tokens emitidos por la 

empresa que lleva a cabo el proyecto con 

el fin de financiar el proyecto.  

Estas participaciones se comprarán en el 

mercado primario y se podrán 

comercializar en el mercado secundario 

que ofrecerá una mayor liquidez, ya que 

éstas se podrán vender siempre y cuando 

haya otro inversor interesado en 

comprarla, independientemente del 

estado en el que se encuentre el proyecto.  

El esquema por el cual funciona este 

sistema de inversión se muestra en 

Figura I. Como se puede observar, son 

los inversores los que aportan la 

inversión necesaria para cubrir los 

costes. Una vez que el generador dispone 

de esa inversión, se puede empezar a 

construir la planta y cuando la planta esté 
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construida, recibirá ingresos por la venta 

de la energía y de la SolarCoin 

Foundation, por la generación de energía 

solar. Posteriormente, estos beneficios se 

devuelven a los inversores, de forma que 

éstos puedan recuperar su inversión. 

 

 

Figura I: Flujo de valor en la plataforma global 

 

Para obtener la inversión que van a tener 

que cubrir los inversores, se han 

estimado los costes con el Microsoft 

Project para una planta de 42MW de 

capacidad, teniendo en cuenta los costes 

de los elementos individualmente, el 

coste de la mano de obra y materiales, y 

el coste de los diferentes permisos 

necesarios para llevar a cabo la 

construcción de la instalación. La 

inversión total obtenida de esta 

estimación ha sido de 40.529.405 €, que 

equivale a la misma cantidad en EC 

coins. Como la inversión se hará por 

medio de la compra de participaciones, 

se ha hecho la siguiente conversión entre 

EC coins y participaciones: 

 

1PGP → 100EC → 100€ 

 

Por lo tanto, para cubrir esta inversión, es 

necesario la emisión de 519.932 PGP. 

Posteriormente, estos costes se han 

incluido en el modelo financiero junto a 

los ingresos que tendrá la instalación a lo 

largo de su vida útil, que serán debidos a 

la generación de energía y a la 

remuneración de SolarCoins (SLR) por 

parte de la SolarCoin Foundation.  

Con respecto a los ingresos por venta de 

energía, se ha asumido que el precio de 

la energía va a ir disminuyendo debido al 

creciente número de instalaciones de 

generación renovable en funcionamiento 

[37]. La tendencia de precios se muestra 

en la Figura II. 

 

 

Figura II: Evolución del precio medio de la energía 

 

Con estos datos se ha realizado un caso 

de referencia con la finalidad de ver si el 

proyecto es rentable y calcular, en caso 

de que no lo sea, la subvención del 

gobierno necesaria para que sí lo sea.  

Finalmente se han propuesto varios 

escenarios, explicados en la Tabla I, para 

ver la influencia de diferentes 

parámetros en el modelo.  
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Tabla I. Escenarios 

 

 

Resultados 

Todos los casos tienen una estructura de 

ingresos como la que se muestra en la 

Figura III. Es decir, tienen una parte que 

corresponde a la venta de generación de 

energía (azul), otra correspondiente a los 

ingresos de SolarCoin (verde) y otra 

correspondiente a la subvención del 

gobierno (naranja). 

 

 

Figura III: Estructura de los ingresos 

 

Se ha resuelto el modelo financiero para 

cada uno de los escenarios explicados 

anteriormente, y finalmente, las 

subvenciones necesarias para que el 

proyecto sea rentable en cada uno de 

ellos han resultado las mostradas en la 

Tabla II. 

 

Tabla II. Subvención necesaria en cada escenario 

 

 

Conclusiones 

El proyecto implementado es la 

financiación de una planta fotovoltaica 

de 42MW usando la tecnología 

Blockchain, con el fin de cambiar el 

método de construcción de las nuevas 

instalaciones y hacer del sistema una 

plataforma mucho más líquida para los 

inversores, y mucho más accesible para 

la inversión en proyectos concretos. 

Se ha concluido que este método de 

financiación es posible siempre y cuando 

el gobierno aporte una subvención, 

menor que el precio mínimo de las 

últimas subastas, 32 €/MWh, para que el 

proyecto resulte rentable para los 

inversores. Estas subvenciones serían 

necesarias ya que el gobierno se ha 

comprometido a cumplir con unas cuotas 

de renovables y sin esta remuneración 

adicional no se llegaría a cumplir. 
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Como se puede ver en la Tabla II, el 

escenario más favorable en el que se 

necesita una menor subvención del 

gobierno es el 6, que es una combinación 

entre los escenarios 3 y 4. En este 

escenario combinado, la vida útil de la 

planta se alarga, de forma que genere 

ingresos durante más tiempo, y la 

energía se vende por medio de un PPA 

en lugar de a través del mercado. Para 

este caso, la subvención necesaria para 

que sea rentable es de 12,45 €/MWh, que 

es un 41% menor a la necesaria en el caso 

base. 

Como trabajo futuro, para que el modelo 

sea más realista, se propone hacer una 

predicción de los costes en el tiempo, 

para todos los escenarios, de los 

elementos y de la mano de obra 

necesaria, ya que, además, cada año los 

precios de los componentes de la 

instalación disminuyen por el desarrollo 

de la tecnología.  

Además, con la tecnología Blockchain 

emergiendo en todo el mundo y, 

concretamente, en algunos países de 

Europa, en los que se están realizando 

proyectos innovadores piloto con el fin 

de ver su funcionamiento en el mundo 

real, la legislación de esta tecnología 

también irá evolucionando en España, 

donde actualmente se permite la 

implementación de algunos proyectos 

innovadores a través de un espacio 

controlado llamado “sandbox”.  

También se propone la implementación 

de esta plataforma en Ethereum, con el 

fin de simular las transacciones y el 

funcionamiento del sistema, de forma 

que, eventualmente, se pueda convertir 

en un modelo comercial. 
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SUMMARY OF THE PROJECT  

Introduction 

In the last decade, the electricity sector in 

Europe has undergone major changes in 

order to reduce greenhouse gas 

emissions and increase the use of 

renewable energy.  

The European Union has established 

objectives in which individual countries 

must achieve specific levels of energy 

generation from renewable sources. In 

order to achieve these objectives, in 

Europe, decentralization is moving very 

significantly, that is, instead of having a 

few generation plants that feed the entire 

population through distribution and 

transmission networks, what is being 

installed are many small individual 

plants, so that consumers become  

producers of their own energy 

consumption.  

However, on the one hand, in inhabited 

areas of Spain it is common that the 

buildings are blocks with several floors 

or community of owners. On the other 

hand, Spain is one of the countries in 

Europe with more solar radiation, and, in 

addition, it has a very large uninhabited 

area. For these reasons it has been 

decided to develop this project, which 

encourages the construction of large-

scale photovoltaic installations, so that 

not only people who have space to install 

solar panels in their buildings can benefit 

from renewable energy consumption, but 

also those who do not have these private 

installations can consume green energy 

through large-scale generation plants 

that are more efficient and that are 

connected directly to the grid.  

In addition, Blockchain technology, 

which was born in 2009 to support the 

Bitcoin, allows the registration of a 

transaction or any action on the internet 

in a decentralized, reliable and 

unforgeable way without the need of 

verification by a third party. Instead, 

there are several nodes that compete with 

each other in order to verify transactions 

in exchange for certain commissions. 

Since 2016, most of the new renewable 

installations in Spain are built through 

auctions, whereby companies compete to 

have their projects chosen so that they 

can obtain a minimum sale price for their 

electricity. Another option, which has 

already been used by some companies, is 

the construction of the installation 

privately, so that they assume the risk of 

a dependent remuneration from the price 

of the market or the agreed price in a 

bilateral contract signed directly with a 

consumer or retail company, called 

Power Purchase Agreement (PPA). 

Blockchain technology has potential in 

this sector, since companies could build 

these installations privately, with an 

investment in which different investors 

can participate through a concept similar 

to crowdfunding using asset 

tokenization. The asset tokenization 

consists in the division of the installation 

into shares, so that investors, who will be 
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legal entities, acquire them and are 

remunerated according to the percentage 

of the installation they own. 

In addition, in the platform these 

investors can invest directly in a specific 

project, diversifying their capital in the 

project they consider. Currently 

investors can invest in renewable 

facilities through an investment fund or 

through specific companies, however, 

with the platform of this project, 

investors can choose the specific 

installations in which to invest their 

money. 

Besides investing in the project, these 

investors are offered the possibility of 

obtaining a Certificate such as the Green 

Energy Certificate, which offers them 

the possibility to track the origin of the 

energy they consume, so that the amount 

of energy they consume must be the 

same as the energy generated in this 

installation. That is, they do not consume 

directly from this photovoltaic 

installation, since, as it is connected to 

the grid, the energy that reaches the final 

consumer is the same regardless of its 

origin, however, these consumers will 

have the certainty that with these 

Certificates, they guarantee that the 

payment for the energy consumed 

contributes to the financing of this plant, 

and that all or just a part of the energy 

they consume comes from renewable 

sources. 

 

Methodology 

To accomplish this project, it is decided 

the type of coins with which this 

platform will work. In order for users to 

use the platform, the EC coin (Energy 

Community coin) has been created, 

which is the utility token of the system. 

Users can exchange Fiat money and 

other cryptocurrencies to obtain the 

corresponding amount in EC coins, so 

that they can make payments or 

transactions through the platform. The 

EC coin is a stablecoin backed by the 

Euro, so the exchange EC coin-Euro is 

made with the ratio 1:1. This allows to 

avoid the fluctuations of the 

cryptocurrency and to give stability to 

the system. The participations in which 

the project is divided, as explained in the 

previous section, are the PGP 

(Photovoltaic Generation Participation), 

which are security tokens issued by the 

company that implements the project, in 

order to finance it. 

These participations will be purchased in 

the primary market and may be traded in 

the secondary market, that will offer 

great liquidity, since these participations 

can be sold as long as there is another 

investor interested in buying it, 

regardless of the stage of the project. 

The diagram by which this investment 

system works is shown in Figure I. As it 

can be seen, the investors are the ones 

who provide the necessary investment to 

cover the costs. Once the generator 

makes these funds available, it can start 

to build the installation, and when the 

installation is built, it will receive 

revenues from both the sale of energy 

and from the SolarCoin Foundation, for 

the generation of solar energy. 

Subsequently, these profits are returned 

to investors after the payment of the 

costs such as Operation and 

Maintenance, so that they can recover 

their investments.  
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Figure I. Flow of value in the global platform 

 

To obtain the investment that the 

investors will have to cover, costs have 

been estimated with the Microsoft 

Project for a 42MW capacity plant, 

taking into account the costs of the 

elements individually, the labor and 

material costs and the cost of the 

different permits needed to conduct the 

construction of the installation. The total 

investment obtained from this estimation 

is 40.529.405 €, equivalent to the same 

amount in EC coins. As the investment 

will be made through the purchase of 

participations, the following exchange 

has been made between EC coins and 

PGP: 

 

1PGP → 100EC → 100€ 

 

Therefore, to cover this investment, it is 

necessary to issue 519.932 PGP.  

Subsequently, these costs have been 

included in the financial model together 

with the revenues that the installation 

will have throughout its lifespan, which 

will be due to the selling of energy 

generation and the remuneration of 

SolarCoins (SLR) by the SolarCoin 

Foundation. 

Regarding revenues from the sale of 

energy, it has been assumed that the price 

of energy will decrease due to the 

growing number of renewable 

generation installation in operation [37]. 

The price trend is shown in Figure II. 

 

 

Figure II: Energy average price evolution 

 

With this data, a reference case has been 

implemented in order to know if the 

project is profitable and to calculate, if it 

is not, the government subsidy necessary 

for it to be profitable. 

Finally, several scenarios have been 

proposed, explained in Table I, to see the 

influence of different parameters in the 

model. 

 

Table I. Scenarios 
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Results 

All the scenarios have a revenue 

structure similar to the one shown in 

Figure III.That is to say, they have a part 

that corresponds to the sale of energy 

(blue), another that corresponds to 

SolarCoin revenues (green), and another 

part that corresponds to the government 

subsidy (orange).  

 

 

Figure III: Revenues structure 

 

The financial model has been solved for 

each scenario explained previously, and 

finally, the subsidies needed for the 

project to be profitable in each of them 

are shown in Table II. 

 

Table II. Subsidy necessary in each scenario 

 

 

Conclusions 

The project implemented is the financing 

of a 42MW photovoltaic plant using 

Blockchain technology, in order to 

change the method of construction of 

new installations and to make the system 

a much more liquid platform for 

investors, and to make it much more 

accessible for the investment in specific 

projects.  

It has been concluded that this financing 

method is feasible as long as the 

government provides a subsidy, lower 

than the minimum price of the last 

auctions, 32€/MWh, so that the project is 

profitable for investors. These subsidies 

would be necessary since the 

government has committed to comply 

with renewable quotas and without this 

additional remuneration, the quotas 

would not be met. 

As it can be seen in Table II, the most 

favorable scenario in which the lower 

government subsidy is needed is the last 

one, which is a combination between 

scenarios 3 and 4. In this combined 

scenario, the lifespan of the installation 

will be longer, so that it generates 

revenues for a longer time, and the 

energy is sold through a PPA instead of 

through the market. For this case, the 

subsidy necessary to make it profitable is 

12,45 €/MWh, which is 41% lower than 

the one needed in the base case. 

As future work, in order to make the 

model more realistic, it is proposed to 

make a prediction of  the costs over time, 

for all the scenarios, of the elements and 

the labor required, since, in addition, 

each year the prices of the components of 

the installation decrease due to the 

development of the technology. 

In addition, with Blockchain technology 

emerging all over the world and, 
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specifically, in some European 

countries, where innovative pilot 

projects are being carried out in order to 

see how they work in the real world, the 

legislation of this technology will also 

evolve in Spain, where currently the 

implementation of some innovative 

project is allowed through a controlled 

space called “sandbox”.  

It is also proposed the implementation of 

this platform in Ethereum, in order to 

simulate the transactions and the 

operation of the system, so that, 

eventually it can become a commercial 

model. 
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1. INTRODUCTION 
 

Until recently, electric energy production has been characterized by a centralized, 

fossil-fuel based and one-way generation scheme, complemented with incentive and 

control measures over the demand performance [1]. Since the signature of the Paris 

Treaty in 2016 [2], the electricity system is evolving to a decarbonized system, 

where renewables are playing an increasingly major role. In addition, since the 

European Parliament approved the new policies to increase the use of renewable 

energy [3], the system is moving from a centralized system to a more distributed 

system where generation is being connected also close to the demand.  

The European Union has stablished energy objectives including the ones related to 

renewable energy. Among these objectives, it can be found that the 32% of the 

energy consumed in Europe in 2030 will have to come from renewable energies [3]. 

Regarding Spain, this percentage is at 20% in 2020 [4], and at around 42% in 2030 

[5]. Due to this need of increasing renewable generation, in Spain it is intended to 

install more than 87 GW of renewable generation, including solar, wind and other 

renewable sources. At the moment, about half of these installations have already the 

license granted by Red Eléctrica de España [6]. 

This evolution towards a reduction of the dependency on carbon-based fuels, and 

an increase of renewable energy consumption, could be performed in several ways. 

The first one is the self-consumption, fostering distributed generation, so that 

people would cease their electricity consumption from the grid and would start to 

consume their own electricity that would come from their own photovoltaic 

installation. This way, people would have to invest in their own solar plant or at least 

in a shared one, where all the neighbors from the same community could consume 

from. The second one is consuming electricity from renewable energies through the 

grid, fostering renewable energy projects at large scale. This means that, instead of 

investing in your own solar plant at your house, you invest in large-scale plants, in 

order to increase the amount of clean electricity that goes through the grid, so that 

as a final consumer, you can consume that clean energy at your house. In addition to 

the clean energy that the consumer receives, the investment in these installations 

means rewards or remuneration depending both on the percentage of participations 

the consumer has on the financing of the generation, and the performance of the 

plant. 

This project is focused on the second alternative, because although self-

consumption is an awaited concept, it is believed that larger scale projects may 

benefit from economies of scale and are more economic than self-generation. In 

addition, although self-consumption in Spain is predicted feasible in the future, due 

to the configuration and layout of the houses along the country, and taking into 

account that the majority of the houses are not individual houses but buildings, it 
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could be very difficult for these communities, in terms of space, to share one solar 

installation for all of them or to install one small solar plant for each house.  

In comparison with other European countries, Spain has a bigger amount of km2 of 

surface than others, 505.000 km2, and only a 13% of the surface is inhabited [7], 

which means that Spain has a greater “active population density” than other 

countries. The population density in Spain is shown in Figure 1. 

 

 

Figure 1: Density population in Spain  

 

As it can be seen, Spain has a lot of uninhabited surface that could be used for 

generation of collective renewable energy. 

In addition to all of this data, and as it can be seen in the Figure 2 below, Spain has a 

much higher solar radiation than many of other European countries, and its 

renewable energy installed capacity is not higher than the rest of the countries, such 

as France, Germany, Italy and United Kingdom [8]. 
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Figure 2: Level of radiation in European countries  

Source: [9] 

 

Therefore, due to the privilege situation of Spain in terms of radiation, as well as to 

its demographic situation and its extension, this project is proposed to foster the 

consumption of renewable energy at large scale. 
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2. EVOLUTION OF THE SPANISH ELECTRIC SYSTEM 
 

Currently, the Spanish electricity system distinguishes four clearly differentiated 

activities: generation, transport, distribution and retail.  

The electrical generation installations produce energy at a certain voltage, which is 

later transformed to a higher voltage so that it can be transported. This increase in 

voltage is done to reduce losses in the network, since the energy has to travel long 

distances, and the greater voltage, the lower energy losses. Then, in order to 

distribute the energy to the final users, the voltage is reduced again, so electricity 

can be used for final purposes. As a matter of fact, distribution networks are not as 

long as transmission ones, so the distribution networks operate at lower levels. 

Finally, retail consists in the sale of energy to the final consumer. 

Transmission and distribution activities are natural monopolies, while generation 

and retail have more freedom to act within the market, that is to say, free 

competition in these two sectors is permitted. However, this has not been always 

the same, since the concept of ownership over the transmission network has been 

modified [10], going from the consideration as exclusive property of the vertically 

integrated companies, that are the ones that made the four activities on their own 

(generation, transport, distribution and retail), to be property of one single 

company. 

Regarding generation and retail, they have also been liberalized, allowing the 

privatization of government-owned companies and the entry of other companies to 

favor competition. Nowadays, any retail company or generator can start its activity 

acquiring the corresponding license. Furthermore, the government does not fix the 

price of electricity anymore, but it ensures perfect competition. The market price is 

obtained based on the market model that replaces the initial traditional model. This 

new model consists in a system of marginal prices called the wholesale market or 

“pool”.  

 

Figure 3 shows a general outline that synthesizes what has been explained above. 

The outline shows an ideal situation of liberalization of the system, since currently 

the liberalization turns out to be “incomplete” because there are some distribution 

companies that continue to be vertically integrated, operating more than one 

activity, generation, distribution and retail.  
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Figure 3: System ideally liberalized   

Source: own elaboration 

 

This change in structure in the electricity system occurred in 1997, with Law 

54/1997, in order to achieve an improvement in the efficiency of the sector and in 

the quality of the service offered to customers. This liberalization consists in the 

separation of free competition activities (generation and retail) from those 

regulated (transmission and distribution), for the purpose of ensuring free access to 

the transmission and distribution networks, and to offer customers the freedom to 

choose the retail company they desire. In addition, the remuneration of transport 

and distribution continues to be set administratively, avoiding potential abuse of 

domain positions determined by the existence of a single network [11]. This Law 

was subsequently extended successive amendments, from which one of the most 

relevant ones is the Law 24/2013, which also includes social bonds for vulnerable 

customers and the expansion of consumer rights, among other aspects [12]. 

Therefore, with the restructuring of the electricity system, there is now free access 

for generation and demand in which two markets can be differentiated: the 

wholesale market, in which generators sell electricity to the retail companies or 

qualified consumers for the price obtained by the pool market, and the retail market, 

where retail companies sell electricity to their clients.  

In the Iberian wholesale pool market (OMIE), there are also two types of markets, 

the daily and the intra-day market [13].  

In the daily market, all available production units that are not subject to a physical 

bilateral contract have the obligation to submit bids for this market, this is to say, 

that they have to communicate at which price they want to sell electricity in the 

market the following day. Retail companies acquire the electricity they need to 

supply their customers. Direct consumers can acquire energy in the market by 

signing a physical bilateral contract with a generator, a situation in which the 

generator would no longer offer electric power in the market but would sell it to that 

specific consumer. 

After the daily market, agents can buy and sell electricity continuously in the intra-

day market. This intra-day market usually yields similar prices to those resulting in 
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the daily market and allow buyers and sellers to readjust their commitments up to 

four hours before real time. From that moment on, there are other markets managed 

by the System Operator in which the balance of production and consumption is 

always ensured.  

Up to this point, the evolution of the Spanish electrical system has been explained. 

Hereunder, it will be explained the evolution of generation technologies and the 

different trends to which the Spanish electrical system can evolve. 

 

2.1 Evolution of generation technologies 
The history of the electricity sector is marked by two fundamental aspects: the 

global growth of demand and the great technological advances [14].  

In the 60s, nuclear generation began to be fostered in order to obtain cheaper 

electric power. In addition, in the 60s there was also a cheap energy from the use of 

fuel-oil, that moved the sector towards the installation of conventional thermal 

power plants with more efficient and smaller equipment compared to those of 

conventional thermal coal plants. Larger plants started to be built to take advantage 

of economies of scale. 

In the 70s the first oil crisis took place, and with it the standstill of the growth of the 

demand, the increase of the prices of fuels, the increase of the nuclear investment 

costs and their greater social rejection. The result was a situation of over-equipment 

and expensive indebtedness for companies in the sector.  

The successive oil crises further aggravate the situation, so that companies in the 

electricity sector have no choice but to act on more important aspects such as energy 

efficiency, energy savings and the diversification of energy sources. 

In the 80s the only investments that were made were for environmental adaptation. 

Apart from that, in this decade a law that encourages mini-hydraulic, Law 82/1980, 

to face the oil crisis begins to be developed. 

From the 90s, new investments in generation stopped to be made and the lives of 

those that already existed were extended [15]. On the contrary, investment in 

renewable technologies such as wind and solar photovoltaic increased due to the 

laws and regulations of the European Union. Specifically, Law 40/1994 consolidates 

the concepts of special regime, which includes hydraulic or cogeneration 

installations.  

From 2007 until 2011, when the construction of renewable plants was very 

expensive, the installed renewable power expanded, however, until 2017 it only 

added 1.000MW due to the suspension of the premiums for new renewable plants 

and strict regulation on self-generation [16]. This issue will be explained in more 

depth in section 2.3. 
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In 2017, however, the construction of renewable plants began to be mobilized 

through government auctions. Finally, a total of 5.037MW was allocated resulting in 

no additional remuneration to the expected market prices evolution and a 

guaranteed price floor.  

Figure 4 shows the evolution of the type of generation between 1980 and 2014 in 

Spain. It can be seen that the generation of renewable energy has been increasing, 

displacing those that pollute more.  

 

 

Figure 4: Electricity Generation in Spain (TWh)  

Source: [17] 

 

The trend towards decarbonization and toward innovation and construction of 

renewable energies has occurred for the following reasons that will be explained 

below: climate change, digitalization and other benefits. 

 

2.1.1 Climate change 

It is generally believed that the CO2, that is a greenhouse gas (GHG), increases the 

global warming. The NASA predicts the following scenarios for this century: 
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Figure 5: Future temperature scenarios due to Global Warming  

Source: [18] 

 

With the Kyoto Protocol, adopted in 1997, the industrialized countries were 

committed, in general, to reduce their GHG emissions [19]. In some cases, the 

commitment was the reduction of GHGs, as in Japan, in others the stabilization of 

their emissions, as in Russia, and in others, a limited increase of emissions, as in 

Australia.  

Subsequently, with the Paris Agreement, adopted in 2015 by 195 countries of the 

United Nations Framework Convention, the objective stablished was to maintain the 

world average temperature in this century below 2ºC with respect to pre-industrial 

levels, committing to carry out the needed efforts to limit that increase to 1,5ºC. In 

Figure 5, this objective would be the first emission scenario, low growth.  

 

2.1.2 Digitalization 

Since the technological revolution 4.0 began, there has been thinking about other 

options and initiatives to increase generation with renewable energies.  

This technological revolution is a concept that describes a vision of the 

manufacturing with all its processes interconnected by Internet of Things (IoT). This 

revolution includes: 

• Artificial Intelligence. This consist in the simulation of human intelligence 

processes by machines that include learning and reasoning. 
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• Blockchain. This technology consists in a distributed record book that 

maintains a permanent registration of transactions and that works as a 

decentralized data base. 

• Cryptocurrency. It is a virtual currency that is used in Peer to Peer networks. 

It bases its security using cryptography and there is not any central authority 

that governs it.   

• Data storage in the cloud. It is a service model where data is stored and 

administered remotely. This data is available to users through Internet. 

• Electric and autonomous cars. These are cars that do not need a person to 

control them. They imitate human abilities in the control of the automobile.  

In addition, for being able to use some of these advances for the improvement of 

electrical systems, there will be required a high consumption of electricity, so a large 

volume of renewable generation will be needed to cope with this change. 

Due to both the energetic and the financial nature of this project, firstly it is going to 

be analyzed the digitalization in the electrical system and then the digitalization in 

the financial system.  

 

Regarding the digitalization in the electrical system, it has been extended the 

adoption of digital technologies in the system under the so-called Smart Grids. Smart 

sensors and meters are being installed throughout the electrical system to reduce 

costs thanks to the control and forecasting of consumption. 

Precisely because of the increase of renewable energies, due to their intermittent 

production, a real-time measurement and prediction is needed to adjust generation 

and consumption, since these have to match perfectly. Information Communication 

Technologies (ICT) can help to foster this consumption that is currently based on 

estimations because the lack of real information [20].  

In addition, the increased use of distributed generation, which would allow 

consumers to produce their own energy and sell the surplus to the network, makes 

the use of information technology more necessary in order to connect all the nodes 

correctly [20]. 

 

Regarding the digitalization in the financial system, the way of operating it is also 

evolving towards a more digitalized system with the use of blockchain, technology 

that will be explained throughout the next section and that is modifying the way in 

which the investments are made.   

Currently the most common way to invest is in government instruments, in 

investment funds, in shares of a company or in Startups. This means that the 

investor owns a portion of the financial instrument in which he has invested and, 

depending on the performance of that instrument, the investor will receive a certain 
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dividend or compensation in case of selling it. However, the so-called Crowdfunding 

is currently being fostered, that is a way of collective financing through online 

platforms without financial intervention, and which is used to finance a specific 

project [21]. The different Crowdfunding types that currently exist are the following: 

• Crowdfunding: it is expected to receive a reward that can be in the form of 

product or service. 

• Crowdinvesting: the consideration is through company shares.  

• Crowdlending: the contribution is made in exchange for an interest on the 

borrowed money, which will change based on the amount borrowed and the 

return period. 

• Crowdonation: contributions are made in a disinterested way and no type of 

reward is expected. 

 

2.1.3 General benefits of energy transition 

In addition to climate change and digitalization, the promotion of renewable 

energies would make it possible to bring electricity to isolated areas, being able to 

build small photovoltaic installations near isolated cities and thus allow the 

consumption of electricity throughout the world. This is one of the objectives 

established by the United Nations, since there is still 17% of the world population 

that does not have access to electricity [22]. 

In addition, the transition to an energy system based on renewable technologies will 

have very positive economic effects. According to the International Renewable 

Energy Agency (IRENA), doubling the share of renewable energy in the global 

energy mix to reach 36% in 2030 would mean an additional global growth of 1.1%, 

an increase in welfare of 3.7% and the increase in employment in the sector to more 

than 24 million people, compared to the current 9.2 million [22]. 

 

2.2 Evolution of energy prices depending on the mechanism of 

remuneration 
In this section it is explained the origin of energy prices depending on the evolution 

of the mechanisms of remuneration. In Figure 6 it is shown the different 

mechanisms along the time.  
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Figure 6: Renewable Energy selling price evolution  

Source: own elaboration 

 

From mid-1990 to 2008, the policy of renewables in Spain was characterized by 

continuous innovation. It was the first country to introduce the “Feed in Premium” 

(FIP) for wind energy, the “Feed in Tariff” (FIT) for concentrated solar energy, and 

bonuses for systems capable of providing reactive power to the grid.  

The FIT is an economic policy created to promote investments and the production 

of renewable energy. This tariff guaranteed access to the network, offering long-

term contracts that set the price of the energy that will be produced in the future 

[23]. 

The FIP was a remuneration in addition to the market price that could be fix or 

variable, and it was applied to all renewables except for solar generation. This 

market premium was calculated once a month.  

The fix system had the risk of overcompensating generators in case the market price 

was too high, and of undercompensating them in case the market price was too low. 

For this reason, the fix system was combined with floor and cap prices, that are the 

maximum and minimum quantity that the government would pay the generators, 

and it was determined by the Real Decreto 661/2007. In Spain, the system used was 

the fix one. The possible scenarios are explained below, each one illustrated with its 

corresponding graph. 

• Case 1. If the market price plus the premium is in between the floor price and 

the cap price, the generator received the FIP. 

 

𝑓𝑙𝑜𝑜𝑟 < (𝑚𝑎𝑟𝑘𝑒𝑡 𝑝𝑟𝑖𝑐𝑒 + 𝐹𝐼𝑃) < 𝑐𝑎𝑝 → 𝑝𝑟𝑒𝑚𝑖𝑢𝑚 = 𝐹𝐼𝑃 

Equation 1: Premium if market price plus FIP is between floor and cap values  
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Figure 7: Case 1 fix FIP  

Source: own elaboration 

 

• Case 2. If the market price plus the premium is below the floor price, then the 

premium received is the floor price minus the market price.  

 

(𝑚𝑎𝑟𝑘𝑒𝑡 𝑝𝑟𝑖𝑐𝑒 + 𝐹𝐼𝑃) ≤ 𝑓𝑙𝑜𝑜𝑟 → 𝑝𝑟𝑒𝑚𝑖𝑢𝑚 = 𝑓𝑙𝑜𝑜𝑟 − 𝑚𝑎𝑟𝑘𝑒𝑡 𝑝𝑟𝑖𝑐𝑒 

Equation 2: Premium if market price plus FIP is below floor value  

 

 

Figure 8: Case 2 fix FIP  

Source: own elaboration 



Evolution of the Spanish electric system 

20  Escuela Técnica Superior de Ingeniería (ICAI) 

 

• Case 3. If the market price is higher than the cap price, then there is no 

additional remuneration.  

 

𝑚𝑎𝑟𝑘𝑒𝑡 𝑝𝑟𝑖𝑐𝑒 ≥ 𝑐𝑎𝑝 → 𝑝𝑟𝑒𝑚𝑖𝑢𝑚 = 0 

Equation 3: Premium if market price is above cap value  

 

 

Figure 9: Case 3 fix FIP  

Source: own elaboration 

 

Regarding the variable system, there is a reference value, so that if the market price 

is above this reference value, no additional remuneration was given, and if the 

market price was lower, FIP was paid. These two scenarios can be seen in Figure 10. 
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Figure 10: Variable FIP  

Source: own elaboration 

 

Subsequently, due to the large investments in solar generation, there was an energy 

crisis in Spain and in 2008 an auction mechanism was proposed to decide the 

amount of solar power that would be installed, so that there could be more control 

over the amount of renewables that were introduced in the system. As of 2013, all 

FIP were reduced to zero and the mechanism was abolished. As for the FIT, it was 

also reduced to 7,5% retroactively [24], [25]. 

The first auctions that were held were in 2016 and in 2017, in order to comply with 

the agreement with the European Union to reach 20% of renewable energy in 2020. 

By the fact of building an installation through an auction, a floor price is guaranteed. 

In the case of the last auction this base price was 32€/MWh [26], although energy is 

currently being sold at almost twice this value. The projects that are chosen in the 

auction are those that offer a lower sale price of the energy in addition to the base 

price offered by the government. 

In 2019 some companies have begun to build renewable facilities without the need 

of doing it through an auction, so that the generating company is the one that 

assumes the risk in case the market price decreases. This happens because in these 

cases, the government does not commit to subsidize the facilities or guarantee a 

floor price to be received by the generator. 
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2.3 Trends in the electricity sector 
There are two types of trends towards this situation can evolve. The first one is the 

decentralization, as many countries are already implementing, and the second one 

is the renewable generation at large scale. Both tendencies are not opposite and can 

coexist.  

 

2.3.1 Decentralization  

Decentralization consists in building various small generation facilities, for a 

particular property or for rural areas, so that what is produced in that facility can be 

consumed by the inhabitants of that same area.  

In addition, thanks to decentralization, access to electricity in currently isolated 

areas is expected to increase considerably.  

However, the extension of electrification networks fed with large-scale generation 

is also of great importance, as in the case of India, where renewable energies of new 

access accounted for around 20% of decentralized energy, while the general 

network represented around 75% [27].  

 

2.3.2 Large-scale renewable generation 

Large-scale renewable generation consists in building collective renewable energy 

generation facilities that can be financed by many citizens so that everyone can 

consume from the grid. 

The objective of this trend would be to replace the current power plants with other 

more environmentally friendly, so that citizens can continue to consume from the 

grid, as they do at the present, and avoid them to invest in a self-generation 

installation. 

In this project this trend is developed, and a method is proposed to carry out these 

installations without prior intervention of government auctions. 
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3. FRAMEWORK AND ASSET TOKENIZATION 
 

In this section it is explained Blockchain Technology, Asset Tokenization and some 

of the relevant developments that must be taken into account to conduct this 

financing system, such as SolarCoins or Green Energy Certificates. 

 

3.1 Blockchain technology 
Blockchain was born as the technology that made Bitcoin works. It is a codification 

system of the information that is behind the virtual currency. Shortly after, it was 

discovered the potential it had for itself and the amount of applications it allows in 

other areas beyond financial transactions [28]. 

Blockchain is a technology that allows the transfer of digital data with a very 

sophisticated coding and in a completely secure way and without the need of a 

centralized intermediary that identifies and certifies the information. Figure 11 

shows a scheme that shows how the system traditionally works. Many times, this 

intermediary can be hacked and here is when blockchain becomes important.  

 

 

Figure 11: Operation of traditional system of transfers  

Source: own elaboration 

 

Blockchain allows distributed consensus where each transaction is registered and 

validated in multiple independent nodes, so that the intermediary is eliminated, and 

the owners of the origin and destination accounts are the ones who have control 

over their transaction. This is done without compromising the privacy of the parties 

involved, that is, the users are anonymous and only the origin account and the 

destination account are known.  

Once the origin account sends the transaction, the order is stored in a block of 

transactions that is not yet part of the final database. As more transactions are 

executed and passing to that block, once the block reaches its capacity limit, it is 

validated though mining. This mining requires time and electricity, but when it ends, 

these transactions are permanently registered in the blockchain and they cannot be 

modified. 
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In addition, the blocks are linked with an encoded pointer called hash, which links 

one block to the previous one, plus a timestamp and the transaction data. All this 

information is public, so that it permits the control of the traceability of the 

transactions [29]. 

Figure 12 shows an explanatory diagram of the Blockchain’s operation explained 

above: 

 

 

Figure 12: Operation of blockchain technology  

Source: own elaboration 

 

This technology has several advantages [30]: 

• It is incorruptible. With various data verification mechanisms, the alteration 

of the information contained is practically impossible, since if you want to 

change any data of a block, it is necessary to redo all the Proof-of-Work 

(PoW) associated with the blocks, for which you would need to control more 

than 50% of Peer to Peer (P2P) network. There are two different ways to 

accept a transaction: 

o The PoW is the consensus algorithm of the blockchain network, which 

the miners, competing among others, solve to confirm transactions 

and to produce new blocks in the chain. This information remains 

stored in each of the computers that have done the mining.  

o Sometimes Proof of Stake (PoS) is used instead PoW. This PoS is still 

an algorithm, but the process is different. Unlike PoW, in which all the 

miners solve the puzzle and the one that solves it first gets the reward, 

in PoS there is no problem to solve, so no rewards are given for it; 

instead, the miner gets a fee for every transaction it makes. So as not 

everybody is competing to solve every puzzle, there is no massive 

energy required [31]. 
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Figure 13: Energy required by Proof of Work and Proof of Stake  

Source: own elaboration 

 

• Free from errors. As the miners are constantly checking the data, and as the 

information has to be agreed by all of them, the results are always verified 

and correct. Moreover, the information is not lost since each one has a copy 

of the blockchain. 

• Reduced transaction costs. Since there are no intermediaries in the 

transaction process, there are no cost associated with third parties. However, 

by adding a commission to the transaction, it is assured that its resolution 

will be more attractive to the miners and they will give it a high priority, so 

that the first miner in solving the PoW can take the commission.  

• Faster process. Traditionally we depend on an intermediary who does not 

work continuously, but since the P2P system operates 24 hours a day, 7 days 

a week, the information is transmitted more quickly. In order to execute 

these transactions, Blockchain uses programs that run automatically as if it 

were a contract, these are called Smart Contracts and they will be explained 

in the next section.  

 

3.2 Asset Tokenization 
Constantly new cryptocurrencies appear that improve Bitcoin, or that have different 

characteristics. In 2014 the public platform Ethereum was developed, and it created 

what is called “the internet of value”, which goes beyond the “internet of 

information” that exists today [32].  

This platform extends the concept of Blockchain not only to the money, but to any 

asset, allowing its transfer. Thus, the token is introduced as a representative element 

of the digitalized property, so that the acquires of these tokens may have liquidity 

over part or the entire asset. 

Tokenization of all types of assets is linked to the so-called Smart Contracts, that are 

programs that reflect agreements between parties, so that the transfer can be 

executed if a series of specific conditions reflected in the program are met. 
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Hereafter the use of Asset Tokenization is explained as a form of financing a specific 

asset, photovoltaic installations. 

 

3.2.1 Asset Tokenization for Renewable Energy installations 

Nowadays, the Spanish system for the building of renewable energy installations 

consists in the implementation of auctions proposed by the government, that is, a 

public system. This means that the Ministry sets a certain number of megawatts 

available for the power companies, and the projects that win the auction will be the 

ones that will be built. It can happen that the auction is finally at price zero, like in 

the auctions held in 2016 and 2017, that is to say, that the companies will not receive 

any financial contribution from the Ministry for the installed capacity in addition to 

the market remuneration. However, the fact of building the solar plant through an 

auction supposes that the Ministry guarantees to the company a floor price, so that 

it guarantees a minimum price to charge for the energy sold in the Market when the 

price of the wholesale market or pool decreases [33]. 

The system proposed on this project is a private system. Its operation consists on an 

investment on the part of an electrical company for the building of the photovoltaic 

installation. If it is compared to an auction, and it is assumed that the final price of 

the auction will be zero, so far both procedures are identical. The difference is that 

with this private system, the ministry does not guarantee you the floor price 

explained above. So as to compensate this effect, this project proposes to use what 

is called, Asset Tokenization.  

Asset tokenization consists in dividing a tangible asset into small units or pieces, so 

its liquidity increases, at the same time as it enables a bigger number of participants 

or investors [34]. Subsequently, these small pieces will be sold in the Primary 

market to certain investors, and afterwards, they will be traded in a Secondary 

market.  

In order to study the behavior of the investors and their rewards in a better way in 

later sections, it will be analyzed different scenarios and hypothesis about the future 

prices of the market, from a technical report developed by the ICAI IIT and Iberdrola 

[35] so that the marginal prices for future years can be calculated.  

First, it is assumed that there is a minimum penetration of renewable energy per 

year, to comply with the European objectives explained in previous paragraphs. It is 

not assumed that more Megawatts than those required will be installed, just that the 

new installations made, will be financed with this new asset tokenization system 

with Blockchain. 

Second, it is assumed that nuclear closures will be made progressively [36]. 

Although this closure is done in an orderly manner, there is a need to increase the 

generation of firm additional support, since renewables offer a very volatile and 

discontinuous energy. In order to have this support of firm capacity, an additional 
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investment in these technologies is necessary. In addition, these technologies would 

become the most expensive in the market, which would require a remuneration to 

these facilities when the marginal cost is lower, so that they can recover their 

investment and maintenance.  

With this scenario of nuclear closures and opening of renewable facilities, with an 

increase of 2% in demand and keeping all other parameters relatively constant, the 

marginal price over the years evolves as shown in the graph below. As it can be seen, 

the marginal price decreases over time due to the increase of renewable generation, 

although it does not decrease sharply, since, when the nuclear power plants are 

eliminated, an investment in other types of technologies with a higher marginal cost 

should be made. 

 

 

Figure 14: Monotonous curves of marginal generation costs (blue) and arithmetic average marginal cost (red)  

Source: [37] 

 

Third, in order to achieve the objective of renewable energy it is necessary to force 

their entry, and this is what is intended with this project. As it has been observed in 

recent months, it is intended to eliminate the incentive of the minimum price for 

renewables taken at auction, so that building an installation publicly through an 

auction would be the same as doing it privately, because if the pool price collapses, 

the investment would not be recovered so easily in that period of time [38]. 

However, with this project, the construction company of the renewable installation 

would recover its investment thanks to the asset tokenization of the installation, 

through the injection of money from other investors. 

As it can be deduced, now the investors are the ones who are assuming the risk, since 

if the price collapses because of the greater amount of renewable facilities, the 
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installation will receive low marginal prices and investors could not be remunerated 

enough to cover all the costs. So investors may have economic losses or others would 

not want to invest in these facilities, and therefore there will not be companies 

interested in building them. To ensure that this does not occur, a public support 

system is necessary so that when the marginal price is low or even zero, investors 

can continue earning profits to recover the costs. 

Moreover, as it already happens nowadays, there may be people or companies that 

are willing to pay a higher amount for consuming renewable energy, which would 

imply an additional income for these renewable generation facilities. 

All this is discussed in more depth in the Market Operation section. 

 

3.3 Green Energy Certificates 
Green Energy Certificates serve to trace the origin of the energy and promote the 

use of renewable energy [39]. 

When a consumer buys electrical energy from the retailer, since the energy that is 

transmitted through the network and that finally reach final consumers is the same 

regardless of its origin, there is no exact way to know if the energy comes from a 

renewable source or not.  

As some energy distributors can commit fraud by allegedly offering green energy, 

Green Energy Certificates have been created to track and endorse that the electricity 

that is received, actually comes from renewable sources. These certificates are 

issued by the retailers to the consumers, that are the purchasers of energy in the 

wholesale market. 

Analogous to this, it is proposed the creation of a new certificate, which expedition 

would be optional for the consumer, that shows that the energy received by the 

investors of the photovoltaic installation at the points of their consumptions, comes 

from that particular installation. These investors would be receiving energy from 

the grid and a common electricity bill with an extra that will be explained below; 

however, they could also be receiving a certificate that would authenticate the 

maximum amount of renewable energy that they could be receiving from one 

specific installation. 

As each investor can have their investment diversified in several plants, this 

certificate will include all the renewable energy that the investor can receive from 

all the installations. In the same way, when the investor sells participations of any of 

the installations, this certificate will have to be updated. 

The certificate will be unique for each investor, and will show that, at most, the 

investor can receive as much renewable energy as the percentage of participations 

the investor has on each installation multiplied by the maximum generation that 

each installation has every hour, and this calculated for every installation that the 
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investor has invested in. This is calculated assuming that the installation generates 

at maximum power in all hours of sunshine, not considering little sun or rainy 

scenarios: 

 

𝐶𝑒𝑟𝑡𝑖𝑓𝑖𝑒𝑑 𝐸𝑛𝑒𝑟𝑔𝑦 = ∑ ∑ 𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑝𝑙𝑎𝑛𝑡 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑖, 𝑗 ·

𝑖

𝑖=1

% 𝑃𝑎𝑟𝑡𝑖𝑐𝑖𝑝𝑎𝑡𝑖𝑜𝑛𝑠𝑖

𝑗=24

𝑗=1

 

Equation 4: Certified Energy for investors  

 

Being: 

 𝑗 = day hours. 

 𝑖 = number of installations in which the investor has participations. 

 

Regarding the electricity bill, if the amount of energy received each hour is greater 

than the consumption of the investor during all days of the month, the electricity bill 

may state that the consumption of this investor that month comes entirely from 

renewable sources. Conversely, if it is less, the exact figure will be shown based on 

the participations that this investor has in the different facilities: 

 

𝐴𝑐𝑡𝑢𝑎𝑙 𝐸𝑛𝑒𝑟𝑔𝑦 𝑅𝑒𝑐𝑒𝑖𝑣𝑒𝑑 = ∑ ∑ 𝑃𝑙𝑎𝑛𝑡 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑖, 𝑗 ·

𝑖

𝑖=1

%

𝑗=24

𝑗=1

𝑃𝑎𝑟𝑡𝑖𝑐𝑖𝑝𝑎𝑡𝑖𝑜𝑛𝑠𝑖 

Equation 5: Actual Energy Received by Investors  

 

It should be noted that the energy received each month will not be constant, since 

the generation is assumed not constant during all months and, therefore, in the most 

unfavorable scenario in which the installation does not generate, the investor would 

not be receiving renewable energy from that particular source, and in the electricity 

remuneration that term would be zero.  

 

3.4 SolarCoin 
SolarCoin is a reward to incentivize solar generation, in order to accelerate to global 

transformation towards renewable energies [40].  

The SolarCoin Foundation gives to solar energy generators tokens based on 

blockchain at a ratio of 1 SolarCoin (SLR) per Megawatt-Hour (MWh) of solar energy 

produced. 
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The SolarCoin is given for free to generators of solar energy by the SolarCoin 

Foundation, it is an additional reward for solar energy producers, and has nothing 

to do with government subsidies. SolarCoin is global, decentralized and independent 

of any government, and it is designed to last forty years from 2010. 

SolarCoin can be spent at businesses that accept them and can be traded like any 

other cryptocurrency. In addition, it can be collected, redeemed or traded for any 

other currency on cryptocurrency exchanges. This means that it is a hybrid 

cryptocurrency, because it can be traded like any other cryptocurrency, but in 

addition, it is a reward for solar generation. Below is a diagram of the general 

operation of SolarCoin. 

 

 

Figure 15: Operation of SolarCoin  

Source: [41] 

 

Currently, each SolarCoin can be exchanged for 0,04032USD, which equals 

approximately 0,036392€. It has to be taken into account that these changes 

fluctuate permanently, so these values are indicative. 

The evolution of the SolarCoin value in USD is shown in the following graph. As it 

can be seen, between 2014 and 2019, this value fluctuated between 0,01USD and 

2,88USD, value that took place in 2018. 
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Figure 16: Evolution of the value of SolarCoin in reference to USD  

Source: [42] 

 

The concept of SolarCoin is very interesting, since the objective of this project is 

precisely to promote renewable energy at large scale. 

At present, there is no scenario in which all the energy demanded is satisfied only 

with renewable energy, however, in a scenario in which all demand is satisfied only 

by renewables, the marginal price would fall to zero and the generators would not 

be remunerated. 

This scenario can occur due to the following reasons: 

• The penetration of renewable energy increases greatly, so that the entirely 

consumption can be done from these renewable sources, and the 

consumption of fossil sources is avoided. 

• Democratization of the system. This means that everyone has access to 

energy and that this energy is also green. The combination of renewables 

with storage, the electric vehicle, microgrids, networks and smart meters 

would provide sufficient flexibility and demand management to balance 

variable generation, so that consumption could be concentrated in the hours 

of solar and wind energy production thanks to smart meters, and the energy 

that is not consumed could be stored for its use in another moment of 

demand. 

Therefore, in this scenario, renewable energy generator would not be remunerated 

because, as it has been explained before, the marginal price would be zero; and here 
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is where the concept of SolarCoin becomes interesting, because generator will 

continue receiving an income to generate. 

In addition to the remuneration with SolarCoins, the following sections will study 

the possibility of introducing a minimum price, paid by the state or by the citizens 

directly, for energy in case the pool price collapses. 
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4. INITIAL COIN OFFERING (ICO) 
 

An Initial Coin Offering (ICO) is a method of financing a project. This is very similar 

to crowdfunding or crowdlending, as it will be explained later, since it is a 

community of users who finance a project without any intermediary.   

This is very important, since what is precisely pursued with the use of blockchain 

technology in this project, is to eliminate any intermediary in the financing of a 

photovoltaic project. This way, it will be a community of investors who will invest 

directly in the installation, and the generator will not be the one looking for 

financing through other means. These means are explained later in the next section. 

The operation of this form of financing is explained below. 

 

4.1 Operation of the Initial Coin Offering 
Whenever it is decided to use blockchain technology for special use, there must be 

an associated currency so that an ICO can be created. This ICO consists in doing a 

pre-mining under closed doors and offering the new virtual currency in exchange 

for other currencies that already circulate, as Bitcoin or Ether, and that are also 

interchangeable for fiat money. Therefore, an ICO consists in offering to the initial 

investors the new currencies in exchange of money [43].  

This method displaces the traditional venture capital, so that these companies no 

longer have to go to a venture capital company to provide funding.  

The advantages and disadvantages of ICOs are shown below: 

Advantages: 

• Companies do not have to sell part of their companies to provide funding.  

• Investors can finance very innovative companies directly, and this 

method provides them with liquidity since, unlike startups in which the 

money is immobilized until dividends are distributed or until the 

company is sold, investors in an ICO can sell their tokens whenever to 

another user who wants it.  

• ICOs give better returns on the investment to the investors.  

• Cryptocurrencies rise rapidly in price, because there are a limited 

number of tokens and increasingly more people willing to buy them, so 

the initial participants have greater chances of high profits.  

Disadvantages: 

• The project might not success and the coins issued in exchange of money 

are worthless. This is a risk that exists in all startups since it is never 

guaranteed the success of the project.  
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• The security of the platform is not secure, that is, that the Smart Contract 

code has errors or gaps. 

 

There are two types of tokens that can be created to finance a project: 

• Utility token: many ICOs have issued Utility tokens to raise funds, but it is 

not considered a financial investment, so they will not have to comply with 

the applicable regulations. These tokens only allow future access to the 

products or services offered by the company, and therefore, Utility tokens 

have not been created to be an investment. Also, for them to have value, the 

company behind them also has to have value.  

• Security token: they are supported by something more tangible that are 

assets or benefits of the company, and they are considered investments for 

legal purposes. It is a digital asset that derives its value from an external asset 

that can be commercialized; therefore, those who buy them have the right to 

have dividends or compensations in the form of additional cryptocurrencies 

as long as the company has benefits in the market. Holders of Security tokens 

also get ownership of the company. In addition, Blockchain offers a platform 

to create a voting system that allows investors to exercise control in the 

company’s decision making.  

Hence, these tokens are subject of federal laws that govern securities. 

Security token issuers have to comply with legal requirements applicable to 

securities where the tokens are being issued and actively commercialized.  

 

Therefore, an ICO is a process through which a company sells a series of tokens that 

can be, as explained before, utility or security tokens. If the company sells Utility 

tokens, it is called Initial Coin Offering (ICO), and if it sells security tokens, it is called 

Security Token Offering (STO). Below, it is explained the characteristics of each one: 

• ICO: investor simply buy the tokens in order to be able to use them in the 

platform. This way of raising funds would resemble to crowdfunding. 

• STO: the tokens represent participation or economic rights over a company. 

The security tokens give different rights for its holders, according to the 

programmed smart contract that gives them life. This way of raising funds 

would resemble to crowdlending or crowdinvesting, which is regulated by 

the Spanish Law 5/2015, which regulates participative investment and loan 

financing. 

Anyone who wants to issue any form of securities have to register their 

investment contract with Securities and Exchange Commission (SEC).  

Spanish legislation does not currently regulate the ICO, however, they can be 

subjected to certain regulations, particularly the Real Decreto Legislativo 4/2015 

(Securities Market Law) and Real Decreto 217/2018 (Investment Services Law). 
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Below there is explained a brief legislative framework through which the ICOs 

would be governed.  

 

4.1.1 Legislation of the Initial Coin Offering 

The Spanish regulator of financial markets, Comisión Nacional de Mercado de 

Valores in Spain (CNMV), published a document that includes the preliminary 

criteria applied to the Initial Coin Offering. The document emphasizes the issue 

about when a token offered through an ICO should be considered a negotiable value.  

The new criteria “exclude from this category those cases in which the yield of the 

token does not keep a reasonable correlation with the evolution of the project that 

issues it”. However, it is not clear what exactly this correlation is, if it must be 

statistical or on the contrary, if it must be considered from a subjective point of view 

[44]. 

This implies that negotiable values will be those tokens that grant the investor the 

right to access to the product or service with an expectation of remuneration, that 

are, security tokens [44]. 

One possibility is what is being developed in France, where this method of financing 

has begun to be promoted, since it attracts very innovative projects. It has been 

approved a project that foresees the authorization of ICOs by the Autorité des 

marchés financiers (AMF) (the equivalent to the Spanish CNMV). Promoters, that 

have to be French companies, will present the documentation of the project and the 

offer and the system they will follow to guarantee the safety of the funds raised. If 

the authority considers the information and the guarantees enough, it will grant the 

issuance of a “visa” that facilitates access to banking services for fund raising [45].  

In Spain, it does not exist any project like this one, but it is allowed to use a controlled 

testing space or “sandbox”. A project already exists under the name “Proposed bill 

of measures for the digital transformation of the financial system”, which allows the 

implementation of innovative financial activities under a specific regime and 

supervision, but without having to comply with the requirements they usually 

demand for this type of activity. 

This preliminary project is designed for the provision of financial services to 

consumers and not for ICOs, however, the ICOs could fit into this Law because they 

meet a series of articles defined in it [46]. 

“Sandbox” will be coordinated by the General Secretariat of the Treasury in 

collaboration with the Bank of Spain the National Securities Market Commission 

(CNMV) and the Directorate General of Insurance [47].  

The tests will be performed in a close setting, and the projects accepted will have to 

be beneficial for the users. 
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4.2 Initial coin offering of photovoltaic installations 
For this project it has been decided to make a dual issue of tokens, so that both utility 

tokens and security tokens will be issued. The usage of each currency in this project 

is explained below: 

• Utility token is going to be used as the useful coin, so that dividends and other 

forms of compensation to investors, as well as all the operations on the 

platform, will be made with this coin. This currency is called Energy 

Community Coin (EC Coin). 

• A security token is a representation of a participation in a specific project, so 

that each installation will have a different security token. In this case, the 

token to this installation is called Photovoltaic Generation Participation 

token. In this project there will be 2 types of investors, as it will be explained 

along the project, and each type will have their own type of security token. 

The first type are those who have a fix rate of return and therefore are 

exposed to a lower risk; these investors are the ones that will be playing the 

role of the bank and they could buy Photovoltaic Generation Participation Fix 

(PGPF token). The second ones are those who are exposed to higher risks, 

and therefore they have a variable rate of return; these investors will play 

the role of social capital and they could buy Photovoltaic Generation 

Participation Variable (PGPV token). In the diagrams shown, these 2 types 

of tokens are both simplified as PGP.  

Hereunder it is explained the global operation of this platform, followed by a 

diagram where it can be visualized the flows among all the participants: 

• The construction company purchase the panels and all the materials needed 

to build the installation. 

• The company issues some PGP tokens to finance the installation. That is, it 

implements a STO. Investors can buy these shares in the primary market with 

EC Coins. 

• Investors, as well as the generator and all the participants of the platform, 

will obtain these EC Coins through an exchange of fiat money on 

cryptocurrency exchanges.  

• Investors can buy and sell the PGP tokens among them in the secondary 

market using EC Coins. The generator can also buy its PGP tokens to be an 

additional investor, so that it can also benefit from the operation of the 

installation. As there are two types of security tokens, there will also be two 

secondary markets, where users can trade the participations depending on 

the interest rate of the PGP.  

• In addition, when Solar Coins are received from the SolarCoin Foundation, 

they are distributed among all the investors of the installation. SolarCoins are 

exchanged for EC Coins on cryptocurrency exchanges, so that investors 

finally receive EC Coins.  
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Figure 17: Flow of value in the global platform  

Source: own elaboration 

 

As explained above, to be able to buy tokens of this project it is necessary to 

exchange fiat currency, in this case the EURO, into a cryptocurrency. This is going to 

be explained in the next section, where it will be analyzed the type of cryptocurrency 

that will be used in the platform. 

 

4.2.1 Stablecoins 

The cryptocurrency chosen for its use in the platform of this project is a stablecoin.  

The stablecoin of this platform, the EC coin, is a currency based on Ether, and will be 

a currency issued as an ERC20 token, which is an interface that guarantees 

interoperability between tokens. The ERC20 tokens are a subset of Ethereum tokens 

that conform to certain parameters, and to fully comply with the ERC20 standards, 

the developer must incorporate a specific set of functions in the smart contract. This 

way, if the developers know in advance how the token will work, they can easily 

integrate it into their projects without the fear of making mistakes [48]. 

There are three types of stablecoins [49]: 

• Stablecoins backed by Fiat currency or products. The price of this 

cryptocurrency is linked to a Fiat currency, so that the users of the platform 

are guaranteed to exchange their token for the stable value of the Fiat 

currency, set at a ratio of 1:1. 



Initial Coin Offering (ICO) 

38  Escuela Técnica Superior de Ingeniería (ICAI) 

• Stablecoins backed by other cryptocurrencies. The objective of these 

cryptocurrencies is to decentralize the stablecoins backed by Fiat money, 

although supporting them by a more volatile cryptocurrency. In this case, the 

relationship established between the two cryptocurrencies is 1:2, so if the 

cryptocurrency quotes at 1€, the backup must be double that amount. 

• Stablecoins that do not have backup guarantee. The price stability of these 

cryptocurrencies is achieved through a reserve bank operated by the 

network that allows to increase and decrease the supply of money within the 

blockchain. 

In this project it is chosen a stablecoin backed by a Fiat currency, to avoid 

fluctuations and volatility. Therefore, the relationship between the chosen Fiat 

cureency, the Euro, and the EC coin results: 

 

1€ → 1EC  

Equation 6: Relation € - EC coins  

 

In order to study a specific case, we choose to finance a hypothetical installation of 

42MW, reference value based on the installation built by Enel in Extremadura, which 

cost has been approximately 33 million EUR [50]. In the case of this project, as it will 

be explained and calculated in next sections, the investment has a value of 

40.529.405 €. 

To cover the investment of this project, the financing structure of the project should 

be known previously. As it will be explained in the financing model, the financing 

structure will be divided in 30% social capital, with PGPV, and 70% debt, with PGPF. 

Therefore, from the 405.294 PGP tokens that will be issued, each with a value of 100 

EC Coins, that are 100€ each, 30% of these PGP will have a variable interest rate, 

and the other 70% a fix interest rate. 

 

1PGP → 100 EC → 100€ 

Equation 7: Relation PGP - EC coins  
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5. CONDITIONS FOR THE INVESTMENT AND 

INTEGRATION WITH ELECTRIC COMPANIES 
 

In this section it is explained the conditions for the investment for this specific 

project. However, in order to fully understand the usefulness of this new method of 

financing, traditional methods of financing used by many companies nowadays are 

also explained. 

Currently there are several methods to finance a photovoltaic installation: 

1. Power Purchase Agreement (PPA). It is a purchasing contract between a 

generator and a buyer, usually for a long period of time. Buyers are electricity 

retail companies, which in turn will resell the energy purchased through the 

PPA to their final customers, fixing their long-term electricity supply costs 

[51]. 

Energy generators seek to close PPAs because it ensures a stable sale price 

over a long period of time, and thereby generators can guarantee income 

with which to finance their projects.  

As for the buyers of this energy, these PPAs allow retailers to offer their 

customers electricity with favorable economic conditions in comparison 

with the prices of the wholesale market, since it reduces future risk against 

fluctuations in the volatile market price.  

Regarding final consumers of this energy, this type of agreements offers them 

a more attractive and stable price for their electricity consumption, in 

addition to a green certification for consuming renewable energy if the 

facility is a renewable installation. 

2. Green Credits or Energy Bonds. These Green Credits give investors the 

opportunity to support low carbon emission projects, especially small 

projects, since their funding sources are generally expensive and limited 

[52]. This way, these credits allow companies to obtain better financing 

conditions and more adequate maturities that respond to the specific needs 

of each project. Thus, these Green Credits allow interest rates to be reduced 

according to the degree of sustainability of the project, and in addition they 

support the technological innovation of the companies that carry them out. 

3. Financing using blockchain technology applied to asset tokenization of 

the installation. With this method, as it has been explained along the project, 

investors can contribute buying participations and thus providing funding 

for the construction of the installation. This way, the generator would not 

have to request any loan, nor would it need to make any PPA with a retail 

company, since the project would be financed thanks to external investors. 

Below it is explained the characteristics of the possible investors to this 

project.  
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Like in Project Finance, this method of investment will only allow the investment to 

legal entities, that is, those by which a person, entity, association or company with 

sufficient capacity to contract obligations is recognized, and with capacity to 

implement activities that generate full legal responsibility, both with respect to 

themselves and to others. In any case the participation of natural persons will not 

be allowed.  

There is an owner of the installation, the generation company or a developer, who 

is in charge of pre-mining the coins so that investors, who must register on a website 

by entering their data, can buy them in the primary market by transferring their 

coins to the owner’s address.  

Once the generator company has sold all the participations at a base price, investors 

can start trading them in the secondary market. As it happens in the stock market, 

the seller places an order to sell participations, this order can be a “market order”, 

in which the seller communicates the number of participations that will be sold at 

market price. Another option is to place a market order to sell an action between a 

range of prices, so that if at any time the sale price range of user 1 coincides with the 

purchase range of user 2, then the participation will go from one wallet to another, 

and the coins will be transferred from one wallet to the other as well. 

Blockchain, as explained before, is a technology that respects the anonymity of users 

among them, so neither user 1 nor 2 know who are buying or selling the 

participation to.  

In Figure 18, it is shown a diagram with the operation explained above: 

 

 

Figure 18: Primary and Secondary market operation diagram  

Source: own elaboration 
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In order to invest in this project, previously it has to be known the entity that is 

participating, so that the generating company can verify that this person or entity 

has sufficient capacity to contract obligations, and then if it is a client of the 

construction company of the installation. This will be done with an automatic 

process that consists of 2 steps: first, the user will register on a web page and it will 

be assigned a unique wallet direction, where they can receive the virtual coins that 

they buy. This wallet direction will be visible but anonymous for the other users of 

the platform; and second, it will be asked if the user is a client of the retail company 

that is building the installation. In Figure 19, it can be seen the diagram of this 

process. 

 

 

Figure 19: Investors automatic process diagram and compensation  

Source: own elaboration 

 

First Step 

In the first step, once the users have the address of their wallets, they can go to a 

currency exchange house, which in this case is the company itself, and buy EC Coins 

and SCP Coins in exchange for FIAT currency.  

For the company the investor is not anonymous, since it has been verified previously 

that the investor meets the conditions to be able to invest in the project. However, 

for all the users of the platform, each investor is a wallet address, and there is no 

way to link those addresses to particular entities, so for all of them, the rest of 

investors are anonymous. The diagram of this first step is shown in Figure 20.  
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Figure 20: First step of the automatic process  

Source: own elaboration 

 

Second Step 

The second step is done for those retail companies that want to build a renewable 

installation to become a generator, or to increase the generation power they already 

have. On the contrary, if the generator has nothing to do with a retail company, this 

second step of the process will be ignored. 

If the user is a client of the retail company, then the web page will match the 

customer’s business name with the database of the retailer’s customers to identify 

the property or properties the user has, as it can be seen in Figure 19. Hereunder it 

is shown the three possible options: 

• If the user is a client of the retailer and only has one property, the client will 

be given the option to receive compensation each month for its participations 

or to reduce the electricity bill in that property. 

• If the user is a client of the retailer and has more than one property, the client 

will be given the option to receive compensation each month for its 

participations or to reduce the electricity bill in one of the properties. 

• If the user is not a client of the retailer, it will only have the option to receive 

compensation for its participations. 

 

In case of being a client of the retailer and to want a reduction in the electricity bill, 

the retailer will send the user the electricity bill with its value in euros, so that if this 



 Blockchain application to enable the financing of solar power plants 

Patricia Oliveros Rubio  43 

user prefers to pay in EC Coins, it will be able to do so through the web page or 

application, at the exchange of that moment. Immediately after the transaction in EC 

Coins, the retailer will make the change to euros if it wishes, to be able to receive the 

entire amount without worrying about the fluctuations of the currency.  

Thus, when a user wants to send money to another user, whether they are investors 

or not, they simply have to enter the destination wallet’s address and the number of 

coins.  

In addition, in case of making a payment to pay the electricity bill, the only way for 

the retail company to know that a specific user is the one paying a specific invoice, 

is entering, in addition to the address of the retail company and the amount of EC 

Coins, the invoice number.   

 

 

Figure 21: Example of the transfer interface in the second step  

Source: own elaboration 

 

At this time, if the retail company tracks the transactions of the user’s address on 

the public account book of the blockchain, it will be able to see all the movements 

that have been made, and the details of the user will no longer be anonymous to it. 

This public account book can be seen by anyone inside the platform, so that 

everyone can see the movements made by each address, but no one knows who 

corresponds each address. Therefore, from the moment a user knows this 

information, all the transactions made in the past and the ones that will be made in 

the future by an entity, will no longer be anonymous to this user. If the entity prefers 

to remain anonymous in order to maintain its privacy, that is a right everyone has, 

or to maintain its competitive advantage for the rest of the users of the platform, 

because that way no one else will know its trading strategy, for example, it can make 

a second address only to pay the bills, so even if the retail company has the address 
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with which the user has paid the invoice, and even if the retail company tracks the 

transactions made by that address, it will not find any movement different from the 

payment of the bills [53].  

In this particular investment process, implemented with project finance, there are 

two options for financing the debt. The first one is to finance it through a bank, with 

green credits, which have low interest rates, and the second one is to offer this debt 

to investors with the same interest rate as the green credit, so that they will have to 

face lower risk because their debt will be the first that would be satisfied; after this 

debt is returned each year, the investors that play the role of social capital, could 

have their compensation too. Since these investors will have to face a higher risk, 

they will have a higher rate of return. For this project, it is going to be assumed that 

the project has a part of debt of 70%, financed with money of investors with the 

same interest rate as green credits, and a 30% of social capital.  

 

5.1 Legislation of cryptocurrencies 
The operations of cryptocurrency trading can result in a capital gain or loss, to the 

extent that when they are carried out, an alteration in the composition of the 

patrimony is generated. These changes occur in three cases [54]: 

• The exchange of cryptocurrency for legal currency, because currencies are 

goods of different nature and there is a variation between the book value of 

the cryptocurrency and the value of the money.  

• The exchange of cryptocurrency for goods or services. They are goods of 

different nature and there is also a variation between the book value of the 

cryptocurrency and the fair value of the cryptocurrency that is equivalent to 

the acquired good.  

• The exchange of cryptocurrency for another cryptocurrency. There is a 

variation between the book value of the cryptocurrency at the delivered 

price, and the fair value of the cryptocurrency at the acquisition price.  

If the operation is made by a company, the profits obtained with cryptocurrencies 

are declared in the Corporation Tax.  

Moreover, VAT does not apply in the transmission of virtual currencies, only in the 

purchase of goods or services. No VAT is applied to the income obtained when 

exchanging cryptocurrencies into FIAT currency [55].  

When it comes to paying services in virtual currency, it is not illegal as long as the 

process is completely transparent. Currently it can be found businesses in Spain that 

accept payments in Bitcoin [56]. 

Likewise, in some countries in South America there are systems such as 

enBlockchain that allows users to pay bills with Bitcoin [57]. 

In Japan this system also exists, and it is called Coincheck [58]. 
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6. MARKET OPERATION 
 

In this section it will be explained the market operation taking into account the 

different elements analyzed so far: the global operation, the operation of the 

primary and secondary market, and the remuneration of investors. This process is 

presented in Figure 22. 

 

 

Figure 22:  Market Operation  

Source: own elaboration 

 

The process begins with the design of a photovoltaic installation by a generating 

company, which will include all the construction costs of the plant. This generating 

company can be a business or corporation, or an association of consumers. In order 

to collect all the money needed for its construction, the generating company will 

digitalize the plant and will convert it into an asset through the asset tokenization, 

so that the installation costs will be covered by the investors that invest in the plant, 

buying EC coins, currency of the blockchain platform, to then buy PGP, participations 

in which the asset is divided.  

In order to implement this, and as explained in previous sections, the generating 

company will perform an ICO, a pre-mining under closed doors with the investment 

value, that is, the cost of the installation, the CAPEX. In this pre-mining both utility 

token, which is the currency of the platform that allows operating in it and buying 

participations, and security token, which is the participation itself, and which is 

purchased with EC coins, will be offered. All the EC coins and the PGP will have a fix 
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price, so at this first point in the primary market, there will not be any problem 

regarding the fluctuation of the virtual currency.  

Thus, the investors can enter the platform through a web page where they can 

register and buy PGP by exchanging fiat currency into EC coins.   

Once the investment has been satisfied, that is, when the investors have purchased 

all the PGP directly from the generating company in the primary market, the 

generating company will dispose of the necessary money in fiat currency to pay all 

the materials and labor force needed to build the installation.  

As of this moment, the primary market closes, because the generating company no 

longer sells PGP, and the secondary market begins to operate. In this secondary 

market, investors can buy and sell their PGP whenever they want, so that they 

provide liquidity to the system. The more demand, the higher the price of the 

participations, and the less demand, the more its price will fall. Its operation is very 

similar to the trading of a stock in the stock market. Until the actual entry of the 

installation into the energy market, these prices will be purely speculative. 

Once the installation is built and in operation, this energy will be injected into the 

network and sold in the pool market, so that it is this pool market the one that 

decides the price of the energy at all times. 

When the marginal price is above zero, the installation will have a positive income. 

This income will be distributed among all the investors, so that each one will receive 

the quantity proportional to the number of participations they have. Additionally, 

maintenance will be a fix expense, and until that expense is covered every month, 

investors will not be able to receive their benefits. That is to say, benefits will be 

distributed with the percentages mentioned above after covering previously all the 

costs.  

Besides, it is also important to remark that the installation will only receive 

compensation when it is in operation, in the hours when there is no sun, investors 

will not receive anything. 

The remuneration will be distributed at the end of the month, that is, the value 

corresponding to each one will be stored in their wallets and they will be able to 

cash out their EC coins at the end of the month. This way, in case the investor does 

not want to receive compensation and prefers a reduction in the electricity bill, both 

methods are compatible.  

 

Moreover, there is the value of the PGP. The better the installation works, that is, the 

more energy sold to the pool, the more remuneration will be received from both the 

wholesale market and the SolarCoin Foundation. This means that investors will 

receive higher compensations, and the more money investors receive, the more 

investors will be interested in buying participations. As there are no shares in the 

primary market, investors will have to buy them in the secondary market, and the 
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more demand of participations, the higher its price, so that initial investors could 

earn money in case they sell the PGP.  

In the financial analysis, different hypotheses will be made depending on whether 

the plant goes bad, regular, good or very good. 

In Figure 22, it is shown an explanatory diagram with the process of the market 

operation.  

 

This project also contemplates the situation in which many renewable facilities will 

be built in the long-term, so that the price would collapse, and it would be needed a 

different system that provides a remuneration so that the electricity system could 

continue having the same percentage of renewables. It is assumed that SolarCoins 

will also be received because of the fact of being a generator of solar energy, but it is 

also required that the energy is remunerated.  

Currently, the Ministry of Ecological Transition has presented a preliminary draft 

that aims to restore regulatory stability in the remuneration of some renewable 

facilities. These renewable facilities are the ones affected by the premium cut in 

2013, and it is proposed a compensation of 7,09% [59]. 

In addition, the remuneration for new renewable facilities will be based on two 

terms. On the one hand, a term per unit of installed power, which will have to cover 

the investment costs for each installation, and on the other hand, a term of the 

operation, that covers the difference between the operating costs and the operating 

income of the installation. 

Currently, the new installations built, will not have any remuneration regarding the 

term per unit of installed power [60]. Regarding the term of the operation of the 

plant, as this project is not entering the system through an auction, there will not be 

any remuneration from the government to cover these costs, but the project will be 

the one taking the risk of covering its costs.  

Therefore, in the financing model it will be assumed that no remuneration is 

received by the generator, but afterwards it will be calculated the minimum 

compensation that the government should pay it in order the project to be 

profitable.  

 

With all this information, it is deducted that this system will be more profitable in 

the short-term, when there are still technologies in operation with a considerable 

marginal cost, that in the long-term, when the marginal price is not the one that gives 

price to the consumed energy, but the floor price established by the state in each 

case, which will be lower than the marginal prices of traditional technologies. This 

gives this project an advantage to start and an incentive for the initial investors. 
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7. COST OF THE PHOTOVOLTAIC INSTALLATION 
 

In order to conduct a financial model to analyze the behavior of the investments 

made by the users, it is necessary to estimate previously the overall cost of the 

installation. 

For this purpose, in this section it will be analyzed on the one hand, the elements 

that constitute the photovoltaic installation, and on the other hand, the labor force 

and additional elements that will be needed for its construction.  

This way, it will be obtained the approximate cost which the investors of this project 

will have to face. 

At the end of the section a comparative of prices is shown between those calculated 

manually based on figures of individual elements, and the reference prices of the 

National Renewable Energy Laboratory (NREL). 

 

7.1 Elements of the photovoltaic installation 
In this section it will be estimated the cost of the solar installation. For this aim, it 

will not be executed an exhaustive study of all its elements, but the purpose is to 

obtain an approximate cost of each of them. 

The elements that compose the photovoltaic installation are the following: 

• Photovoltaic modules. They are a set of photovoltaic cells that produce 

electricity from the light that falls on them through the photoelectric effect. 

• Structure on which the modules are placed.  

• Inverters. Converter that transforms Direct Current (DC) power into 

Alternating Current (AC) power for its subsequent transportation and 

consumption. 

• Transformers. Electric machine that allows to increase the low voltage in 

AC, coming from the inverter, into higher voltage for its later injection in the 

distribution network. 

• Connection and Balance of System (BoS). Cost of the evacuation 

infrastructure needed to connect the installation with the general grid, and 

the cost of the rest of the components and infrastructure needed, such as 

electrical cabling. 

In Figure 23 an outline of the plant is shown, as well as all the elements that compose 

it, that will be explained and chosen throughout this section. In addition, at the end 

of the section, a summary of the costs associated with all these elements will be 

shown  
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Figure 23: Photovoltaic Installation outline  

Source: own elaboration 

 

7.1.1 Types of solar panels 

In this section it will be explained the types of solar panels that exist in the market 

[61], [62]: 

1º generation panels 

This type of panels are formed by silicon or polysilicon and are the most commonly 

used. Two different types of panels can be distinguished: 

• Monocrystalline (Mono-Si): these are the purest panels and their efficiency 

ratio is greater than 20,1%, which makes them one of the most efficient 

panels in the market. However, they are also among the most expensive. They 

offer great power output; they take up little space and have a long lifespan.  

• Polycrystalline (Poly-Si): they have a cheaper final price than 

monocrystalline ones because the manufacturing process is simpler, 

however, they also have a lower efficiency ratio, from 13% to 16%, 

approximately. Its lifespan is also shorter than the monocrystalline ones, 

since they are more affected by high temperatures. 

 

2º generation panels 

They are more used for installations in buildings or small installations. There exist 

different types: 
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• Thin-Film Solar Cells (TFSC): they are cheap and the easiest to produce, 

their large-scale production greatly decreases their price. They have 

efficiencies of 7% to 13%, they are flexible, and they are little affected by high 

temperatures. The problem is that their guarantees are the lowest since their 

lifespan is shorter than the 1º generation panels.  

• Amorphous Silicon Solar Cell (A-Si): this is commonly used in solar 

calculators. They have efficiency ratios of 7% and if several layers of 

amorphous silicon solar cells are combined, its efficiency can increase up to 

8%. It is a relatively cheap module in cost. 

 

3º generation panels 

Many of these panels are still under development, and they generate energy from 

organic materials and inorganic substances. The different models that exist are the 

following:  

• Biohybrid Solar Cell: this module is still being developed. The concept 

behind this technology is to simulate the process of photosynthesis with the 

solar panel, which would have an efficiency ratio of 100%.  

• Cadmium Telluride Solar Cell (CdTe): these materials allow the 

manufacture of solar panels with efficiency ratios from 9% to 11% at a very 

low cost. The problem with this material is that its inhalation or intake is 

toxic.  

• Copper Indium Gallium Selenide (CIS/CIGS): this type of panels contains 

less toxic material than the previous ones and it is still under development. 

It has efficiency ratios from 10% to 12%, approximately.  

• Concentrated PV Cells (CVP and HCVP): this type of solar panels reaches an 

efficiency up to 41%, the highest in the market, however, its price is also the 

highest in the market. Their shape is cylindric-parabolic and they produce 

maximum power only if they have a certain angle with respect to the sun, a 

position that they achieve thanks to a solar tracker they have integrated, 

which is responsible for following the path of the sun to continuously 

maximize their output. 

 

Below, in Table 1 it is shown a summary of the analyzed modules and a diagram that 

compares their price versus their efficiency.  
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Table 1. Characteristics of Solar Panels  

Generation Solar Panel 
Maximum 
Efficiency 

rate 
Cost 

1ª 
Monocrystalline Solar Panel 20,1% High 

Polycrystalline Solar Panel 16% 
Medium – Low 
(large – scale) 

2ª 
Thin Film Solar Cells 13% Medium 

Amorphous Silicon Solar Cell 7% Low 

3ª 

Bio-Hybrid Solar Cell 100% Developing 

Cadmium Telluride Solar Cell 11% Very Low 

Copper indium Gallium 
Selenide Solar Cell 

12% Developing 

Concentrated PV Cell 41% Very High 

 

 

 

Figure 24: Solar Panels. Efficiency Vs. Price  

Source: own elaboration 

 

In view of Figure 24, for this project it is desired a solar panel with medium-high 

efficiency, a price not too high and a relatively long lifespan. The most efficient 

modules are the Concentrated PV, however, its price is very high too, so it will be 
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considered the next panel in efficiency, that is the monocrystalline, which have a 

relatively high efficiency and a more affordable price.  

Below is a list of the most reliable solar panel manufacturers on the market, based 

on their manufacturing history, quality and actual results [63]: 

- LG Energy 

- SunPower 

- Winaico 

- REC 

- Hanwha Q cells 

- Canadian Solar 

- JinkoSolar 

- Trina Solar 

In Figure 25 it can be seen the range of efficiencies of the panels manufactures by 

each company. 

 

 

Figure 25: Efficiency of Solar Panels of the different companies  

Source: own elaboration 

 

In Figure 26, the production volume of the best panel manufacturers is shown [64]. 
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Figure 26: Top solar module manufacturers in 2018  

Source: own elaboration 

 

In view of the data presented above, a monocrystalline panel of the company 

Canadian Solar is chosen, since its panels have high efficiencies and are among the 

most reliable and of good quality of the market.  

The specific model that has been chosen to calculate an approximate cost for this 

project is the HiDm, High Density Mono perc module, CS1U 420MS, of 420MW and 

an efficiency ratio of 20,27 % [65]. 

 

 

Figure 27: HiDm, Cs1U 420MS. Canadian Solar 
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As the plant of the project has 42MW of capacity, 100.000 photovoltaic modules will 

be needed. Each solar panel costs 230€ [66], however, in this project the modules 

will be bought directly to the supplier, which makes them cheaper. In addition, as 

this project needs 100.000, it is assumed that the supplier will include a discount in 

the purchase order. With these facts, the discount assumed is of 30%, so the total 

cost results on 16.100.000€.  

 

7.1.2 Structure supports 

For this project, a tracker support has been chosen to follow the path of the sun, so 

as to maximize the energy generated during the entire solar period, that is, to 

maximize the area under the orange line shown in Figure 28: 

 

 

Figure 28: Performance advantage of the DEGERtracker 

 

A specific support has been chosen in order to obtain an approximate cost for this 

element. This support is from the company DEGER Iberica, called DEGERtracker 

S100-PF-SR [67]. Its dimensions are 63,2m x 2m, so there will only be one row of 

solar panels in each support, since each solar panel has a height of 2,078m and a 

width of 0,992m. This way, 63 panels can be placed along the entire support.  

 

 

Figure 29: DEGERtracker S100-PF-SR 
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Since 100.000 solar panels are needed, and each structure supports 63 panels, 1.588 

structures are needed.  

The price is 3.300€ per unit, information provided by direct contact with the 

company Deger Iberica. However, it is assumed that the supplier will offer a discount 

in the purchase order of 20%. Therefore, the final cost of the structures is 

4.192.160€. 

 

7.1.3 Inverter and transformer 

For this project it is assumed that the inverter installed is an inverter connected to 

the network, that is, that the inverter station will come fully equipped with all the 

elements already integrated: the photovoltaic inverters, the MV cubicles, the LV/MV 

transformer and the switchboard low voltage. This inverter station will have a 

capacity of 7,2MW, therefore, as the capacity of this installation is 42MW, 6 inverters 

will be necessary.  

The approximate price of an investor station of these characteristics has been 

obtained by direct contact with the company Ingeteam, and is 355.000€ per unit. As 

6 inverter stations will be needed, the total price results 2.130.000€.  

 

7.1.4 Connection and Balance of System 

The cost values shown below respond to real offers from different manufacturers 

and EPC companies and they have been based on a Project of the Polytechnic 

University of Madrid (Universidad Politécnica de Madrid) [68]. 

- Connection costs: 0,13 €/Wn. The nominal power in this case is 42MW, so 

the total cost of the connection results 5.460.000€. 

- BoS costs: 0,20 €/Wp. An overload of 10% is assumed for the calculations, 

that is, an overload up to 46,2MW, resulting in a total cost of 9.240.000€. 

 

7.1.5 Cost summary 

A summary of the costs of all the elements necessary for the construction of the 

installation is shown in Table 2: 
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Table 2. Costs of all elements of the photovoltaic installation  

Element Quantity Unit Price Discount Final Cost (€) 

Solar Modules 100.000 230 € 30% 16.100.000 

Structure Supports 1.588 3.300 € 20% 4.192.160 

Inverter and 
transformer 

5 355.000 € - 2.130.000 

Connection  - 0,13 €/Wn - 5.460.000 

BoS - 0,20 €/Wp - 9.240.000 

TOTAL - - - 37.122.160 

 

7.2 Costs associated to the construction of the installation 
In this section it will be simulated a real project in Microsoft Project in order to 

obtain the approximate costs associated with the needed workforce and activities 

related to the project. This will reflect an approximate CAPEX (Capital Expenditure) 

of the project, that is the amount of money that the investors will have to cover. 

In the software with which the estimation of the CAPEX has been calculated, the 

costs of the components calculated in the previous section have also been included.  

The list of activities that have been used in Microsoft Project, as well as the time it 

takes to perform each one reflected in a Gantt chart, is shown in Annex I.  

In Annex II, the resources used in each activity are specified.  

In order to set the cost of certain activities, it has been taken into account the 

following assumptions [69]: 

• As for the activity of Land Expropriation, it has been assumed that the m2 of 

rustic land has a value of 3,5€. Taking into account, according to the scheme 

of Figure 23, that the surface of the plant is approximately 571.605 m2, the 

total cost of the expropriation of the land would be 2.006.217,5€.  

• Regarding the Geotechnical survey, an average cost of 2.500€ has been 

assumed. 

• The cost of the permits needed, such as the transport permit, has been set at 

3.000€. 

In terms of the resources needed to build the installation, the workers listed in  Table 

3 is proposed, with their respective standard rate: 
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Table 3. Resources used in the simulation  

Resource Quantity Standard rate (€/h) 

General Project Manager 1 150 

Mechanical Project Manager 1 130 

Mechanical Engineer 2 90 

Civil Project Manager 1 130 

Civil Engineer 4 90 

Electrical Project Manager 1 130 

Electrical Engineer 2 90 

Site Manager 1 80 

Workforce 1 630 

 

For the construction of the plant, the machines listed in Table 4 have been used in 

the simulation, also considered as resources: 

 

Table 4. Machines used in the simulation  

Resource Quantity Standard rate (€/h) 

Feather crane 1 60 

Excavator 1 52 

Transport machine 1 45 

 

In order for resources not to overlap in the execution of the activities, it has been 

necessary to make some changes in the allocation of resources and in the sequence 

of the tasks.  

Finally, with all this information, the total cost of the project is 40.529.405€. 

Here below it is shown how the cost is divided among the different resources named 

above: 
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Figure 30: Resources. Cost distribution  

Source: own elaboration 

 

 

Figure 31: Resources. Cost status  

Source: own elaboration 
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Table 5. Resources. Details of costs  

 

 

In Figure 32, it is shown the division of the costs among the quarters: 
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Figure 32: Cost per term  

Source: own elaboration 

 

The division of the cost among the different phases is shown in Table 6 and Figure 

33: 

 

Table 6. Cost distribution in the phases  
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Figure 33: Cost distribution in the phases  

Source: own elaboration 

 

7.3 Costs comparison 
This section shows the value of the investment of this project in comparison with 

real projects that are currently being implemented in Spain and refer to reference 

values of the National Energy Renewable Laboratory (NREL). 

Table 7 shows the investment of three photovoltaic installations of two different 

companies: 

 

Table 7. Cost of real projects  

Project 
Capacity 

(MW) 
Cost (€) €/MW 

This project 42 40.529.405,5 964.985,85 

Francisco Pizarro – 
Iberdrola [70] 

500 300.000.000 600.000 

Augusto – Enel [71] 49,86 40.000.000 802.246,29 

Baylio – Enel [72] 42 33.333.333 793.650,79 

 

As it can be seen, the estimated costs for this plant, although they are a little higher, 

they are reasonable. 

 

The cost of certain elements of the installation have also been compared with the 

reference values of the NREL. In Table 8 it is shown the disaggregated costs for these 

elements according to the NREL on the left [73], and according to this project on the 

right. 
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Table 8. Cost in Spain  

 

 

It can be seen that the cost of the elements of this project is almost double than the 

one offered by NREL. This difference in cost is explained because in this project, it 

has been considered that the inverter and the transformer are combined, and NREL 

takes into account only the cost of the inverter. 

  

 

 

 

 

$/W €/W Power (W) Cost NREL (€) Quantity
Cost in the 

project(€)

Modules 0,29 0,26 42.000.000,00 10.875.000,00 100.000,00 16.100.000,00

Inverter 0,08 0,07 611.100,00 43.650,00

Transformer - - - -

Optimize 

inverter
0,25 0,22 1.909.687,50 1.909.687,50 - -

TOTAL 12.828.337,50 18.230.000,00

6,00 2.130.000,00



Cost of the photovoltaic installation 

64  Escuela Técnica Superior de Ingeniería (ICAI) 



 Blockchain application to enable the financing of solar power plants 

Patricia Oliveros Rubio  65 

8. FINANCIAL MODEL 
 

In this section, the financial model is implemented, all the inputs are explained, and 

the results obtained in the reference case are analyzed. Afterwards, the different 

risks of the project are explained, and the different scenarios are implemented, 

starting from the reference case and changing a single parameter each time. 

 

8.1 Project Finance 
This project will be developed with Project Finance (PF), that consists in financing 

an asset through the creation of an independent legal company, called Special 

Purpose Vehicle (SPV). 

Financing a project through PF offers it stability and safe cash flows. Unlike 

Corporate Finance (CF), where the project is financed by a enterprise and not by an 

independent company, in PF, if the project goes wrong or fails to recover its costs, 

the only thing that is lost is the investment, and in case of default to the bank, the 

bank would go against the independent company and not against the parent 

company, so that in the worst case, it would be the independent company the one 

that would bust and not the parent company.  

 

8.2 Reference case 
In this reference case, the income statement with the cash flows of all years is 

implemented to, finally, estimate the Net Present Value (NPV) and the Internal Rate 

of Return (IRR), in order to know if the project is profitable or not.  

For this, the structure shown in Figure 34 will be followed. The origin of all the data 

is explained throughout the section. 

The detail of the financial model obtained, is shown in Annex III. 
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Figure 34: Income statement structure  

Source: own elaboration 

 

8.2.1 Revenues 

The value of the investment, estimated in the previous section and calculated with 

Microsoft Project, resulted of 40.529.405 €, and the lifespan of the installation is set 

at 25 years.  
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Table 9. Investment and time horizon of the project  

Investment 40.529.405 € 

Time horizon 25 years 

Amortization period 20 years 

 

The project is divided into two phases, the construction phase and the exploitation 

phase. The period of each phase is shown in Table 10: 

 

Table 10. Phases of the project  

Construction phase Operation phase 

2019 – 2020 2021 – 2046 

 

To calculate the energy generated by the installation after the first year, the solar 

generation data of 2018 published by Red Eléctrica de España (REE) has been used, 

which shows the amount of energy generated each hour within a year, according to 

a total installed power of 4.714 MW. With these data, a scaling has been made to 

estimate how much this 42 MW installation would generate in each hour of the year. 

However, in Spain, there are many facilities already installed that are not in 

operation. In addition, the installation of this project has trackers, that is, since the 

structure of the modules follows the trajectory of the sun, the module will generate 

a greater power that a facility with no trackers, and this supposes a 30% more 

production [74]. Taking these two facts into account, a correction factor of 1,45 has 

been considered, that is, the generation is considered 45% greater in comparison 

with the reference profile data of current installations published by REE. 

Finally, the energy generated in the first year of operation has resulted in 95,343 

MWh. 

In order to estimate the energy generated during the rest of the lifespan years, it has 

been taken into account that each year the energy generated decreases due to the 

deterioration of the modules. It is assumed that each year production decreases by 

0,5% [75], so that at the end of the lifespan of the installation, 88,22% of its initial 

capacity will be generated. In Figure 35, it can be seen production decreasing over 

time. 
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Figure 35: Energy generation  

Source: own elaboration 

 

To obtain the benefits that result from selling this generated energy, in this base case 

it is assumed that the energy will be traded in the pool and sold to the market as the 

energy of any other generator. The hourly prices of the market from the beginning 

of the operation of the plant, in 2021, until its closure, in 2045, have been obtained 

from a technical report developed by the ICAI IIT and Iberdrola [37], where the 

prices of the years 2025, 2030, 2040 and 2050 are specified, according to the 

hypothesis explained in section 3.2.1. 

With these prices and the hourly generation, hourly and later annual revenues are 

calculated. These revenues imply the sale of the energy previously calculated for 

these four years. To obtain the income of all the intermediate years, from 2021 to 

2046, the trend line of these four annual revenues has been obtained. The curve 

obtained is shown in Figure 36 and, as explained in section 3.2.1, it has a negative 

trend due to the continuous closure of the oldest non-renewable technologies, which 

are those that have a higher marginal price and are, therefore, the ones that set the 

price every day in the pool. 

 

 

Figure 36: Revenues from energy generation tendency line  

Source: own elaboration 
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Finally, the income obtained from energy generation is shown in Figure 37: 

 

 

Figure 37: Revenues for energy generation  

Source: own elaboration 

 

In addition to the benefits obtained from the sale of energy in the market, this 

installation will also obtain revenues from the SolarCoin Foundation for the 

generation of solar energy, as already explained in section 3.4. To obtain the value 

of the SolarCoin each year, it has been assumed that its price in 2021 is equal to the 

average of the values it had from January to June 2019. This value is 0,03639194 

€/SLR [76]. 

SolaCoin has had large fluctuations until the end of 2018, however, since June 2018, 

no significant fluctuations of the cryptocurrency have been seen. In the financial 

model, increasing SLR values have been proposed, since it is said that the SLR will 

take values between 20€ and 30€ at the end of its life cycle that ends in 2050 [77]. 

Following this premise, the growth and value proposed of the SLR throughout the 

lifespan of the solar installation are shown in Figure 38 and Figure 39. Both figures 

are future predictions based on the previous premises explained.  
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Figure 38: Growth of SolarCoin  

Source: own elaboration 

 

 

Figure 39: Value of SolarCoin  

 Source: own elaboration 

 

Finally, the revenues due to these two sources are shown in Figure 40: 
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Figure 40: Revenues for energy generation and SLR  

Source: own elaboration 

 

The objective of this project is to make a positive NPV and a IRR greater than the 

WACC, so that, on the one hand, the project has value, and on the other hand, the 

investors obtain the greater return as possible, and greater than the one they 

initially expected. 

For this, a government grant that the project will receive each year will be added to 

the revenues. This subsidy will be calculated at the end of the model and its value 

will depend on the profitability of the project without subsidy.   

 

8.2.2 OPEX 

In this section it can be found operating and maintenance costs, (O&M) that reflect 

the costs of the continuous supervision on the installation and the preventive and 

corrective maintenance when necessary. The value of operation and maintenance 

cost is usually between 0,5% and 1,5% of the investment of the installation [78], for 

this project a value of 3,4 €/MWh is used, which is approximately 0,6% of the value 

of the investment.  

Within the OPEX, it can also be found management costs and an insurance cost in 

order to cover possible disasters in the installation. In Table 11 it can be seen the 

value assigned to each cost. 

 

Table 11. OPEX  

O&M [79]  3,4 €/MWh 

Management cost 52.000€/year 

Insurance 11.000 €/year 
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8.2.3 Amortization 

The amortization period of the installation is considered to be 20 years from the 

beginning of the operation phase. Therefore, the value of the amortization each 

years results 2.599.656,53€. 

 

8.2.4 Financial expenses 

In order to cover this investment, the following financing structure is proposed, in 

which equity finance refers to the percentage invested by the users, and debt finance 

to the debt requested from other investors, with less risk, and financed with a lower 

interest rate. 

 

Table 12. Financing structure  

 % project Amount (€) Amount (EC coins) 

Equity finance  30 12.158.821,65 12.158.821,65 

Debt finance 70 28.370.583,85 28.370.583,85 

 

Since the debt is financed with money of investors that take less interest rate, the 

interest rate is assumed to be 2%. This debt will be paid in 2030, that is, 10 years 

after the beginning of the operation phase. 

As the loan from the investors who face low risk is received before the operation 

phase, there is a period of time in which the SPV has no income and, therefore, it is 

not obliged to pay interest during that period. However, interest accrues, and it 

increases the financial cost of the project [80].  

 

8.2.5 Taxes 

As the project is going to be implemented with PF, as it has been explained 

previously, it is considered that the tax that must be paid by the SPV is the general 

corporation tax, valid since 2016, with a value of 25% [81]. 

 

8.2.6 Earnings after taxes 

Finally, in order to obtain the net income of the project each year, a legal reserve 

must be taken into account, as set forth in the Spanish Ley de Sociedades de Capital 

of July 2, 2010, which will allocate 10% of the net income each year to this legal 

reserve until reaching 20% of the value of the equity capital [80]. However, it does 

not matter that it never reaches the 20% of the equity capital [82], while that 10% 

is allocated to the legal reserve, as is the case with this project.  
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8.2.7 NPV and IRR 

Once the income of the project has been obtained, the Net Present Value  (NPV) will 

be calculated by discounting the cash flows with the Weighted Average Cost of 

Capital (WACC), which represents the minimum return that the investment must 

provide to be acceptable, that is, to equal or exceed the opportunity cost of the 

capital invested. 

For the calculation of the WACC, the Equation 8 following is used. 

 

𝑊𝐴𝐶𝐶 = 𝐾𝑒  
𝐸

𝐸 + 𝐷
+ 𝐾𝑑  (1 − 𝑡)

𝐷

𝐸 + 𝐷
 

Equation 8: WACC  

 

Where: 

 𝐾𝑒: profitability demanded by investors. Cost of equity 

 𝐾𝑑: cost of debt 

 𝐸: part of the capital structure that comes from the investors 

𝐷: part of the capital structure that comes from the debt 

 

The profitability rate required by the investors, 𝐾𝑒 , is calculated by the Capital Asset 

Pricing Model (CAPM) method: 

 

𝐾𝑒 = 𝑅𝑓 + 𝛽(𝑅𝑚 − 𝑅𝑓) 

Equation 9: Rate of return required by the investors  

 

Where: 

 𝑅𝑓: risk-free rate. Rate of return of the asset without risk of the country in 

which the project is developed. The 30-year Treasury Bond yield is considered in 

this project. 

 (𝑅𝑚 − 𝑅𝑓): market risk premium, that is the difference between the expected 

return on a market portfolio and the risk-free rate.  

 𝛽: coefficient that measures the volatility of an asset in relation to the 

variability of the market in which it is listed.  

  

To obtain the beta, as it is an SPV which is usually not quoted, it cannot be calculated 

in a traditional way, so an estimation is made taking as reference other betas from 
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companies of the same sector that do quote [80]. In this case, Siemens Gamesa 

Renewable Energy has been taken as the reference company.  

This beta is the beta of the unlevered company, leveraged again with the SPV debt, 

as Equation 10 shows. 

 

𝛽𝐿 = 𝛽𝑈 · [1 + (1 − 𝑡) ·
𝐷

𝑅𝑃
] 

Equation 10: Beta leveraged  

 

Where: 

 𝛽𝐿: beta leveraged 

 𝛽𝑈: beta unleveraged 

𝐷

𝑅𝑃
: ratio debt – equity capital of the SPV 

 

In Table 13 it is shown the values of these known data, and in Table 14, the results 

obtained from these calculations. 

 

Table 13. Known data needed for the calculation of WACC  

Cost of debt (𝐾𝑑)  2% 

Equity (𝐸) 12.158.821,65 € 

Debt (𝐷) 28.370.583,85 € 

Risk-free rate (𝑅𝑓) 0,90% 

Market premium (𝑅𝑚 − 𝑅𝑓)   90 basis points 

Beta unleveraged (𝛽𝑈) 1,1 

 

Table 14. Results WACC  

Cost of equity (𝐾𝑒)  3,62% 

Beta leveraged (𝛽𝐿) 3,03 

WACC 2,14% 

 

Then, cash flows can be already discounted with the WACC for the calculation of the 

NPV, which results -24.730.310,68€, and it has been calculated with the Equation 

11. 
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𝑁𝑃𝑉 = −𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 + ∑
𝐶𝐹𝑖

(1 + 𝑟)𝑖

𝑛

𝑖=1

 

Equation 11: Net Present Value  

 

Where: 

𝑛: number of years of the lifespan of the installation  

 

As the NPV is negative, another source of income is necessary for the project to be 

profitable. As explained at the end of the section 8.2.1, a subsidy will be considered 

from the government, and in order the project to be profitable, that is to say, in order 

the NPV to be positive, the amount of this subsidy should be on average, 20,97 

€/MWh. With this amount, the revenues profile results as shown in  Figure 41. 

 

 

Figure 41: Revenues of the project  

Source: own elaboration 

 

With this subsidy, the IRR, that is calculated with Equation 12, equals the WACC 

 

−𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 + ∑
𝐶𝐹𝑖

(1 + 𝐼𝑅𝑅)𝑖

𝑛

𝑖=1

= 0 

Equation 12: Internal Rate of Return  
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Figure 42 shows the Cash Flow Waterfall that allows to see how the money is 

distributed each year between the different parties. As it can be seen, the sum of all 

the components equals the revenues of Figure 41. 

 

 

Figure 42: Cash Flow Waterfall  

Source: own elaboration 

 

Although the financial model that has been implemented is in Euros, as the 

conversion of EC coins to Euros is 1:1 because it is a stablecoin backed by the Euro, 

as already explained in section 4.2, investors will receive an amount equal to the one 

in Euros, and therefore, no additional conversion is necessary. 

 

8.3 Risks and scenarios 
In this section it will be analyzed the different risks that exist in this project and it 

will be implemented different possible scenarios. In addition, more scenarios are 

proposed to see the influence of other factors on the reference case.  

As previously mentioned, in each scenario, a single parameter will be modified to 

see the influence of each risk on the reference case. 

The risks that are going to be considered are the following: 

• Risk related to the solar generation. It may happen that there is not as much 

sun as initially expected and the hours of sunshine per day decrease. If this 

happens, the generation of the solar modules will decrease and less income 

from energy generation, less SolarCoins and less subsidy will be received. 

However, it can also happen the opposite, so both scenarios will be analyzed 

afterwards.  
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• Risk related to the growth of the SLR. The growth of the SLT has been 

assumed permanent throughout the life of the installation. However, a more 

unfavorable scenario will be considered in which the SLT price is not as high 

as the one proposed in the reference case. 

In addition, as explained at the beginning of the section, other parameters will also 

be modified to analyze their influence on the base case. The proposed scenarios are 

the following: 

• Lifespan of the project of 30 years instead of 25. The photovoltaic 

installations have a lifespan of 25 to 30 years, with this increase in the 

lifespan, the installation would be generating for 4 more years, and therefore, 

would be receiving more benefits. 

• Selling energy through a PPA and not through the market. In the reference 

case, the project depends on the price of the energy in the market, however, 

if a contract is signed with a retailer, this price would be fixed and known 

from the beginning. 

• Modify the parameters of the WACC calculation. In this scenario, the risk-free 

rate is modified, since it is currently below the levels reached in previous 

years.  

 

8.4. Scenarios 
Next, the previously introduced scenarios will be explained in more depth, and the 

results obtained will be shown. 

 

8.4.1 Scenario 1. Different energy generation than expected 

In the first part of this scenario, it will be assumed that the energy generated by the 

installation is 10% less than in the reference case. Therefore, the revenues from 

solar generation are also 10% lower than in the reference case, so the government 

subsidy necessary for the project to be profitable increases, approximately, by 10%, 

reaching 23,15 €/MWh. 

In the second part of the scenario, it will be assumed that the energy generated by 

the installation is 10% higher than in the base case. Therefore, the revenues from 

solar generation are also 10% higher than in the reference case, so the government 

subsidy necessary for the project to be profitable decreases, approximately, by 9%, 

reaching 19,18 €/MWh. 

 

8.4.2 Scenario 2. Less growth in SolarCoin than expected 

The value of the SolarCoin has been assumed to increase due to the beliefs that exist 

today regarding the subject. However, in this scenario, it is going to be assumed that 
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it grows half of what it was initially expected. In Figure 43 and Figure 44 it can be 

seen the growth and the value of the SLR with respect to the reference case. 

 

 

Figure 43: SLR growth - Scenario 2  

Source: own elaboration 

 

 

Figure 44: SLR value - Scenario 2  

Source: own elaboration 

 

Figure 45 shows the revenues for SLR in this scenario. 
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Figure 45: SLR revenues - Scenario 2  

Source: own elaboration 

 

Again, as revenues decrease, the government subsidy must be higher than the one 

of the reference case. This value is 22,86 €/MWh, that is, approximately 9% higher 

than the base case. 

 

8.4.3 Scenario 3. Longer lifespan 

In this scenario it is assumed that the lifespan of the installation lasts until 2050, that 

is to say, four more years generating energy and revenues. However, a higher value 

in O&M will be necessary in order to maintain the installation working another four 

years. This aspect should be taken into account in future developments. 

The growth of the SLR is assumed to be 1% each year until 2050. The growth and 

the value of the SLR with respect to the reference case is shown in Figure 46 and 

Figure 47. 

 

 

Figure 46: SLR growth - Scenario 3  

Source: own elaboration 
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Figure 47: SLR value - Scenario 3  

Source: own elaboration 

 

Figure 48 shows the energy generated along the lifespan of the installation in 

comparison with the reference case. 

 

 

Figure 48: Energy generation - Scenario 3  

Source: own elaboration 

 

Finally, as it can be seen in Figure 49, the installation generates revenues for a longer 

time. 
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Figure 49: Revenues - Scenario 3  

Source: own elaboration 

 

As the installation has revenues for a longer period of time, the government subsidy 

will have a lower value than that of the reference case, but it will be paid for a longer 

period of time. The value of this subsidy is 15,92 €/MWh, that is approximately 24% 

lower than the one of the reference case. 

 

8.4.4 Scenario 4. Selling energy through PPA 

In this section it is shown the results of the project in case the energy, instead of 

being sold in the market, is sold directly to a consumer or retailer through a financial 

PPA. This way, the consumer and the generator would know from the beginning the 

price of energy they will pay for a specific time horizon. 

As explained in previous sections, the PPA allows the retailer to have a forecast of 

costs over the long-term, and not depend on market fluctuations. As for the 

generator, the PPA allows it to guarantee stable long-term income.  

In the financial PPA, the rwo parties agree to pay the difference between the agreed 

price and the market price, so that, on the one hand, if the market price is below the 

PPA price, the consumer will have to pay the different to the generator, green zone 

of Figure 50, so the generator perceives the agreed price. On the other hand, in case 

the market price is above the agreed price, it will be the generator the one who has 

to pay the difference to the consumer, red zone of Figure 50, so that the consumer 

finally pays the price agreed in the PPA. 

 



Financial model 

82  Escuela Técnica Superior de Ingeniería (ICAI) 

 

Figure 50: PPA operation  

Source: own elaboration 

 

To choose this PPA price, it is necessary to know the average annual price of the 

market. In Figure 51 the following data is shown in 2018: 

• The curve of 24 hours of solar generation. In this curve it can be seen that the 

solar generation is only produced in the hours of sun light, while over the rest 

of the hours it is zero. 

• The market price each hour. 

• The average market price throughout the day. 

• The average market price during the hours of sun. 

As it can be seen, the average market price during the sun hours is slightly lower 

than the average market price throughout the day.  
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Figure 51: Market price curve and energy profile  

Source: own elaboration 

 

Moreover, the price of energy is going to decrease every year due to the increase of 

renewable sources [37], as it can be seen in Figure 52. Since PPAs are usually signed 

for a period of 10 or 15 years, for this project two PPA are proposed; the first one 

from 2021 to 2034, with a price of 40,8 €/MWh, and the second one from 2035 until 

2046, with a price of 36,4 €/MWh. 

 

 

Figure 52: Market price evolution  

Source: own elaboration 

 

Assuming that the market prices remain as in the reference case, in both PPA, for a 

period of time it would be the generator the one who would be paying to the 

consumer, but during the next period, it would be the consumer who would have to 
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pay the difference to the generator. Figure 53 shows what this payment sequence 

would look like, according to the color code used in Figure 50. 

 

 

Figure 53: Market price Vs. PPA price  

Source: own elaboration 

 

The revenues of this scenario in comparison with the reference case are shown in 

Figure 54, where it can be seen that the PPA offers much more stable income than 

the reference case, in which the energy was sold directly in the market.  

 

 

Figure 54: Revenues for energy generation - Scenario 4  

Source: own elaboration 



 Blockchain application to enable the financing of solar power plants 

Patricia Oliveros Rubio  85 

 

Regarding the consumers of this energy, they will be paying the price they negotiate 

with the retail company. The previous prices are the ones negotiated between the 

generation and the retail company, not between the retail company and the demand. 

Assuming that the energy generated is the same as in the reference case, the 

minimum subsidy that the government would have to pay for the project to be 

profitable is 17,70 €/MWh, that is approximately 16% less than in the reference 

case. 

 

8.4.5 Scenario 5. Different risk-free rate 

Analyzing the data of the Spanish bond yield at 20 years, it can be observed that, 

since 2015, it has varied in a range from 2,9% to 0,89% [83], being the latter the 

value that it currently has.  

In this scenario, a value within this range will be assumed, so that the project can be 

seen in a less profitable context. The value of the risk-free rate is considered 1,8%, 

and for this value, the minimum cost of capital, that is to say, the minimum 

profitability requested by investors is 4,52%, higher than the one of the reference 

case, with a value of 3,62%. 

In this case, the NPV is very negative, so the subsidy needed for the project to be 

profitable is 22,14 €/MWh, which is approximately 6% higher than in the reference 

case.  

 

8.4.6 Scenario 6. Combination of scenario 3 and 4 

As it has been analyzed, the scenarios in which the government subsidy is lower are 

the third one, in which the lifespan of the installation is extended, and the fourth 

one, in which the energy is sold through a PPA with previously fixed prices, and not 

through the market. 

This scenario combines these two in order to achieve an optimal scenario to obtain 

a government subsidy even lower.  

For this scenario, it is necessary a readjustment of the second PPA price, since is the 

plant works for a longer period of time, the PPA price should decrease according to 

the market prices. This price is set at 34,7 €/MWh. 

Figure 55 shows the revenues of this scenario.  
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Figure 55: Revenues for energy generation - Combined scenario  

Source: own elaboration 

 

Assuming that the energy generated is the same as in the reference case, the 

minimum subsidy that the government would have to pay to the project would be 

12,45 €/MWh, that is, approximately 41% lower than in the reference case. 

 

8.4.7 Comparison of the different scenarios  

This section shows a comparison of the analyzed scenarios where the subsidies 

needed are shown in each scenario, and those that need a lower subsidy will be the 

most favorable for this project. 

 

Table 15. Comparison of the different scenarios  

Scenarios Description 
Subsidy 

(€/MWh) 
Subsidy (%) 

Reference 
case 

- 20,97 - 

1.1 Less solar generation 23,15 +10% 

1.2 More solar generation 19,18 -9% 

2 Lower SLR growth 22,86 9% 

3 Longer lifespan 15,92 -24% 

4 PPA 17,7 -16% 

5 Higher risk-free rate 22,14 +6% 

6 Combined scenarios 3 and 4 12,45 -41% 
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Next, Figure 56 visually shows the scenarios according to the subsidy the different 

scenarios, besides the revenues received from energy generation and SolarCoin, 

need. 

 

 

Figure 56: Scenarios according to its subsidy  

Source: own elaboration 
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9. CONCLUSIONS AND RECOMMENDATIONS 
 

Throughout the project, many of the blockchain technology concepts have been 

explained and analyzed in order to, finally, implement a financial model based on 

new tokens, in order to find an alternative to government auctions, and to 

traditional financing of photovoltaic installations. 

Subsequently, the type of tokens to be used for this project has been decided; the  

Energy Community coins (EC coins) as the cryptocurrency to use in the platform, 

the Photovoltaic Generation Participation Fix (PGPF) as the participations of the 

investors with a fixed interest rate and the Photovoltaic Generation Participation 

Variable (PGPV) as the participations of the investors with a variable interest rate. 

Afterwards, the cost of the installation has been estimated with Microsoft Project, 

according to the cost of the elements individually, the manpower and material costs, 

and the cost of different permits needed to build the installation. Then, the revenues 

of the reference case have been estimated according to the data of the hourly 

generation published by REE, and the energy prices published by the IIT [37]. 

Subsequently, several scenarios have been proposed in order to obtain the model in 

which the needed government subsidy was as low as possible, since, based on the 

results obtained in the previous section, the project is not profitable without a 

government subsidy, if the renewables quota need to be met and the technology 

costs are the ones expected by [37]. Moreover, these subsidies are necessary since 

the government has committed to comply with specific renewable quotes, and 

without this remuneration, these quotes would not be met. 

The most favorable scenario, that is, the one in which a lower government subsidy 

is needed, is the scenario 6, that is the one in which the lifespan of the plant is 

extended, and the sale of the energy is made through a PPA. However, it is needed 

to further investigate if there are costs associated to the lifetime extension of the 

installation. 

Moreover, the return required by the investors with variable rate of return, that is, 

those who have to assume the risk, is assumed to be at least 6%, since otherwise, 

not many investors would be willing to invest in this project. Following this premise, 

the necessary subsidies for the reference case, the scenario 6, which is the most 

favorable, and the scenario 1.1, which is the most unfavorable, have been obtained. 

For the base case, the minimum subsidy that the government should pay is 38,9 

€/MWh; for the scenario 6, 33,44 €/MWh, and for the scenario 1.1, 43,22 €/MWh. 

The range of subsidies needed, according to the scenarios analyzed, in order the 

project to be interesting for investors and profitable, is shown in Figure 57. 
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Figure 57: Subsidy range  

Source: own elaboration 

 

Next, the advantages of this type of financing in the context of renewable energies 

are explained: 

• It allows the financing of a project without any intermediary. Investors, who 

invest money in return for a certain profitability, do not need the 

intervention of any bank or investment fund to inject money in the project. 

• With this type of projects, investors can diversify their investments as they 

desire, and obtain return in their investments, while promoting the 

improvement of the environment and encouraging the achievement of the 

objectives imposed by the European Union with respect to renewable energy.  

• In addition, the participations bought by the investors, that are the portions 

in which the investment of the installation is divided, are purchased in the 

primary market and may be traded in the secondary market, that will offer 

great liquidity, since these participations can be sold as long as there is 

another investor interested in buying it, regardless of the stage of the project. 

• Regarding the consumers of this energy, the implementation of these 

projects allows them to consume from renewable sources and to decrease 

the sale price of the energy in the pool and, therefore, in their electricity bill. 

• In addition, in case the users of the platform are also consumers of this 

energy, this platform allows them to make payments faster in EC coins 

directly to the trader, in case it accepts payments in cryptocurrencies. 

• Transactions between users are anonymous and do not need an 

intermediary either. This type of transaction gives the project liquidity, since 

investors can sell their shares as long as there is a buyer, regardless of the 

circumstances of the project. 

• These transactions require little commission and are done at a higher speed 

than conventional transactions through banks and platforms.  
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• The technology on which this project is based, the blockchain, is a very secure 

system that allows reliable and irreversible transactions between two nodes. 

In addition, these data cannot be falsified or deleted once they are in the 

blockchain. 

• Depending on different factors considered in this project, the government 

may need to provide subsidy to make the investments profitable, otherwise 

there is a risk that investors may lose money and some of them go bankrupt. 

This project provides a trustable system in which the government can check 

the energy generated and the payments received by the installations and 

quantify the additional financial support. 

 

As future work, in order to make the model more realistic, it is proposed to make a 

prediction of  the costs over time, for all the scenarios, of the elements and the labor 

required, since, in addition, each year the prices of the components of the 

installation decrease due to the development of the technology. 

In addition, with Blockchain technology emerging all over the world and, 

specifically, in some European countries, where innovative pilot projects are being 

carried out in order to see how they work in the real world, the legislation of this 

technology will also evolve in Spain, where currently the implementation of some 

innovative project is allowed through a controlled space called “sandbox”.  

As future work it is also proposed the implementation of this platform in Ethereum, 

in order to simulate the transactions and the operation of the system, so that, 

eventually it can become a commercial model. 

 

 



Conclusions and recommendations  

92  Escuela Técnica Superior de Ingeniería (ICAI) 



 Blockchain application to enable the financing of solar power plants 

Patricia Oliveros Rubio       93 

GANTT CHART  
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ANNEX I. Activities and Gantt Diagram  
 

Table 16. Activities I  
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Table 17. Activities II  
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Table 18. Activities III  
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Table 19. Activities IV  
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ANNEX II. Resources used in each activity  
 

Table 20. Resources I  
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Table 21. Resources II  
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Table 22. Resources III  
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ANNEX III. Reference case 
 

Table 23. Income statement I  

 

 



Annex III 

110    Escuela Técnica Superior de Ingeniería (ICAI) 

Table 24. Income statement II  
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Table 25. Profits I  

 

 

Table 26. Profits II  
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Table 27. Debt I  

 

 

Table 28. Debt II  

 

 


