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Spain Energy Mix

The Spanish grid is primarily powered by nuclear and wind power plants (Rodl & Partner,

2023). Wind power plants will constitute approximately 23.5% of Spanish electricity generation

in 2023 (International Energy Agency, 2023). On the other hand, nuclear power plants

contributed about 20.3% of the total grid in the same year, 2023 (GlobalData, 2023). Combined

cycle power plants contributed 17.3% to the total Spanish grid in 2023, while waste-to-energy

sources produced about 1% of the grid (CMS Law, 2023).

In 2023, wind was Spain's primary energy source, generating approximately 62.6 terawatt

hours (Mordor Intelligence, 2023). Furthermore, wind power was among the largest installed

capacity of critical energy sources in 2023, with more than 30 gigawatts installed (Lexology,

2023). The nuclear power generation contributed about 54 terawatt hours in 2023 (CMS Law,

2023).

In 2023, wind power contributed more than 50% of the total energy generated from

renewable sources (Eltex, 2023). Solar photovoltaics contributed approximately 30% of the total

electricity from renewable sources in 2023 (Rodl & Partner, 2023). Solar and wind installation

capacity in Spain was 58GW in 2023, amounting to an increase of 8.2GW from the previous year

(RatedPower, 2023). Growth in renewable energy has resulted in a reduction in consumer energy

prices in Spain compared to France.

Spain's renewable energy progress is a benchmark for other countries, advertising the

benefits of transformation towards a cleaner energy source. The cumulative installed capacity of

solar PV increased from 20.5GW in 2022 to 27.4GW in 2023. Strategic investment and early
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adoption in Spain resulted in achieving renewable energy. Spain aims to increase the share of

renewable energy to four-fifths by 2030

Castile and Leon had the highest capacity for renewable energy installation in Spain, with

at least 20.7 terawatt hours of energy generated from renewable sources (Mordor Intelligence,

2023). By 2023, the cumulative installed capacity of solar PV in Spain was approximately 29.98

MW, with a projected compound annual growth rate (CAGR) greater than 15% by 2035 (Net

Zero Cities, 2023). Solar PV in Spain is considered an essential aspect of renewable energy

sources. Essential active solar PV plants in Spain include Trillo Solar PV Park, Francisco Pizarro

Solar PV Park, Nunez de Balboa Solar PV Park, Mula Solar Farm, and Ceclavin Solar PV Park,

among others (GlobalData, 2023).

Trillo Solar PV Park is the largest power generator plant in the Spanish solar PV market

(RatedPower, 2023). The introduction of the National Energy and Climate Plan for 2021-2030

has motivated the Spanish government to increase its shares of renewable energy to 42% by

2030 to create more opportunities for solar power companies (Net Zero Cities, 2023). Solar PV

technology is expected to become Spain's largest renewable energy source, more significant than

hydro-power (Lexology, 2023). The introduction of solar PV technology has helped the country

cut off the cost of energy production, with a drop in the price of solar panels leading to a drastic

increase in installation rates.

The Spanish energy market is a leader in the transition to clean energy, as it has taken

significant steps towards integrating photovoltaic (PV) technology into the energy mix

(Lexology, 2023). Renewable energy sources, such as solar PV, are now among the top critical

factors in Spain's electricity generation, ensuring the provision of about 14% in 2023

(RatedPower, 2023). This is prompted by national climate change policies, which aspire for
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100% clean energy in the electricity mix by 2050 (Lexology, 2023). Standards and studies of

impact are established to facilitate integration and provide the safety and reliability of grid

operation with the increasingly distributed PVs. Connection options such as net metering and

feed-in tariffs incentivize solar energy adoption in Spain (RatedPower, 2023). Challenges still

exist that necessitate effective control over solar’s intermittency through inverter intelligence and

storage systems.

Timescales for Grid and Planning Applications

The utility-scale PV systems have dominated the Spanish PV market. The International

Renewable Energy Agency (IRENA) established that the solar PV Spanish market accounted for

a historical CAGR of 14.69% concerning the solar energy installed capacity and an overall net

capacity of 18.4 GW in 2023 (International Energy Agency, 2023). The Spanish government has

planned for renewable auctions, an approach likely to provide at least 1.8 GW of solar PV energy

annually to interested individuals until 2025 (Rodl & Partner, 2023). The Compañía Española de

Petróleos announced three key solar PV projects in January 2023 with an approximate capacity

of 400 MW in Spain (International Energy Agency, 2023). Approximately $302 million will be

invested during the installation of these projects, with the construction planned to begin in 2025

(GlobalData, 2023). Large solar power projects are planned to achieve a goal of 31 GW by 2030

(Eltex, 2023). Therefore, the solar PV market in Spain is projected to register significant growth

during the period. Decreased cost of solar prices makes the solar system viable in Spain. The

price ranges by kit size and additional features like batter storage and location.

Registration with the industry of industry, validating the system, legalizing the

installation, and signing of various compensation contracts within ten days is always a legal

requirement (Rodl & Partner, 2023). Significant savings on energy costs, with potential
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recoupment of initial investment, are always a financial benefit and subsidies. Usually, it takes

1-2 years to gain the system permits, do grid impact studies, and install necessities for more

extensive installations. Roof-mounted PV systems take weeks or even months, depending on the

specifics and the scale of the project (Rodl & Partner, 2023). Feed-in tariffs and net metering

policies are reviewed, and the possibility for adjustments is explored occasionally, usually after

1–2-year cycles.

Grid reinforcement and expansion need to be planned over the years so that the PV

capacity can be accommodated in the long run more than 5-10 years in the future. Zoning laws

and land use planning strategies for large-scale solar farms are reviewed and made up to date at

that timescale only (GlobalData, 2023). The main issue is integrating intelligent inverters and

energy storage systems, typically within 5–10 years when the technology matures and the costs

become viable. Spanish National Energy & Climate Plan (PNIEC) is the backbone of the

country's long-term strategy, aiming to achieve 100% feed-in from renewables by 2050, ensuring

the coherence of the grid over the following decades (GlobalData, 2023). Changes to legislation

to accommodate extensive scale integration of renewable energy into the electricity market may

happen only within 10-20 years. Long-term R&D concentrates on emergent technologies, such

as advanced grid management tools and futuristic energy storage systems, which would be the

backbone of grid planning and operation for the next decade or two.

For more extensive installations, processes such as getting permits, carrying out power

grid interconnection studies, and installing connecting infrastructure can take 1-2 years (Eltex,

2023). The PV systems are often installed on rooftops, which takes several weeks to months,

depending on the project characteristics. Periodically (in 1-2-year cycles), revisions and

adjustments of feed-in tariffs and net metering instruments are carried out (Eltex, 2023). A multi-
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year approach for strengthening and expanding the grid to accommodate the growth in solar

generation requires detailed planning and implementation, which may take up to a 5–10-year

period (GlobalData, 2023). Existing zoning regulations and land-use planning are implemented

on a timescale of years. Therefore, zoning regulations and land-use planning for large-scale solar

farms require revisions and updates during this period.

Inverter integration and energy storage systems begin with 5-10 years for the technology

to mature and the costs to become affordable. The Integrated National Energy and Climate Plan

of Spain (PNIEC) stipulates 100% renewable electricity targets by 2050, an aspect that will

determine the long-term evolution of grid management. The market framework may change over

10-20 years to accommodate the industry adoption of large-scale renewable energy integration.

Long-term R&D is conducted in some countries on such technologies as advanced grid

management systems and cutting-edge storage solutions, which will shape grid planning and

operation in the forthcoming years

project developers and investors, payback periods, and long-term revenue potential

matter when they make financial decisions on solar PV; delayed commercialization of the solar

PV technology is seen from this point of view. The rate at which solar panel technologies would

be more efficient, storage improvements and grid management system advances can determine

the need for grid upgrades and the planning period. Public engagement and community planning

processes can affect the place and speed of solar PV development, which is crucial in

determining the grid planning timelines.

Grid Connections for PV

The adoption of PV systems has significantly increased in Spain in the last five years. In

2017, the first PV projects with a total capacity of 3910 MW, commissioned before 2020, were
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completed in Spain (Lexology, 2023). By the end of 2023, Spain increased its solar PV by 4 GW,

with the country targeting to install an additional 20 GW of new capacity by the end of 2025

(Mordor Intelligence, 2023), hence making the largest solar pipeline in Europe (Lexology, 2023).

Preliminary Environmental Impact Assessment (EIA) applies to projects in low and compulsory

environmental sensitivity areas. It further makes it mandatory to determine the necessity of a

formal EIA. Capacity Reassessment and Suspension allow a two-month reconsideration of free

capacities post-publication of the new Grid Planification 2020-2026.

At the regional level, Extremadura was reported in 2023 to have the highest number of

installed solar PV power capacity, with about 27% of the national capacity, then followed by

Andalusia and Castile-La Mancha, which had 20% capacity (CMS Law, 2023). However,

communities of the Cantabrian coast registered less than 0.5% of the national total in terms of

their solar PV installations (Net Zero Cities, 2023). In the last five years, Spain has registered a

significant increase in its capacity by exponentially adding more than 24.175 MWdc to the grid

(RatedPower, 2023). A preliminary environmental impact assessment (EIA) reported that it is

mandatory to determine the necessity of a formal EIA. Furthermore, it allocates the released

capacity of connection nodes for encouraging self-consumption.

The accumulated capacity increased from 30.103 MW in 2022 to 37.64 MW in 2023

(Consultancy. eu, 2023). Generally, Spain's highest achievement in the PV sector was reported in

2023 with the addition of at least 8.620MWdc new capacity (Mordor Intelligence, 2023). It

concerns the ground-mounted plants, with the installed capacity registered at 23.804 GWdc and

achieving more than 5.612 MWdc in just one year (Eltex, 2023). Existing evidence further shows

that the self-consumption sector experienced significant growth in 2023, installing 3.008 MWdc,

which accounted for more than 50% of the total PV capacity (Consultancy. eu, 2023).
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The Spanish industrial sector accounted for at least 47% of new self-consumption

installed capacity, the residential sector by 32%, and the commercial sector for 20% of new

installations (Statista, 2023a). However, only 1% of the self-consumption installations are off-

grid (Net Zero Cities, 2023). According to the publications by the REE, solar PV capacity

connected to the Spanish grid in 2023 was reported at 5.612,4 MWdc (4.677 MWac), which

indicates the installation of utility-scale capacity in that year. Based on the estimations by UNEF

associations, the overall off-grid installed capacity is currently approximately 8.620,8 MWdc

(7.184 MWac) (RatedPower, 2023). Royal Decree-Law 6/2022 establishes a well-established

procedure for renewable energy projects, including PV installation. Royal Decree-law further

suspends procedures for issuing access permits temporarily to review available capacities.

Subsidies

The Real Decreto 477/2021, published in June 2021, included €1.3 billion in funding for

homes and businesses for solar PV installation, solar batteries, and aerothermal units (Misolar,

2023). These funds were partially from the NextGenerationEU and the European Union recovery

plan. Even though this funding plan ended on December 31st, 2023, the Spanish Government has

requested additional funds to ensure the program continues until 2026 (Statista, 2023a). Critical

examples of solar PV subsidies are presented in Table 1 below.

Program Beneficiaries Installation Grant Deadline
Nº 1 Service businesses Solar panels Up to 45% 31/12/2023
Nº 2 Other businesses Solar panels Up to 45% 31/12/2023
Nº 3 Businesses (with an

installation)
Solar batteries Up to 65% 31/12/2023

Nº 4 Homeowners Solar panels Up to 600 €/kWp 31/12/2023
Nº 5 Homeowners (with an

installation)
Solar batteries Up to 450 €/kWp 31/12/2023

Nº 6 Homeowners Thermal solar panels/
aerothermal

Up to 900 €/kWp 31/12/2023
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The EU-solar-funded grants and subsidies are still available in Spain until 2024, although

the application deadline was December 31st, 2023 (Consultancy. eu, 2023). Therefore, people

and businesses in Spain still receive subsidies and grants for their solar PV installations and use.

A key example is the Valencian region, where an individual can receive the full 600 €/kWp,

which means €600x5kWp or €3,000 total (Misolar, 2023). However, the amount individuals and

businesses receive in grants and subsidies often varies depending on the region. Planning

permission varies across regions; most do not acquire permission to install solar panels. Planning

permission is also encouraged, and check with the local town hall for the various area regulations.

Legal frameworks and objectives always aim to support the Spanish Climate Change and the

legal transition act for 2030: 42% renewable energy penetration and 74% electricity for

renewables. It is always recommended to use certified installers for legal installation that is well

approved. A detailed description of the €/kWp that can be offered in each of Spain's 17

autonomous communities is presented in Table 2 below.

Autonomous
Community

€/kWp for < 10kWp €/kWp for 10kWp-
100kWp

Andalucía 600 €/kWp 450 €/kWp
Aragón 600 €/kWp 450 €/kWp
Asturias 600 €/kWp 450 €/kWp
Canarias 600 €/kWp 350 €/kWp
Cantabria 600 €/kWp 450 €/kWp
Castilla–La Mancha 600 €/kWp 450 €/kWp
Castilla y León 600 €/kWp 350 €/kWp
Cataluña 600 €/kWp 450 €/kWp
Comunidad
Valenciana

600 €/kWp 450 €/kWp

Extremadura 600 €/kWp 450 €/kWp
Galicia 600 €/kWp 450 €/kWp
Islas Baleares 600 €/kWp 450 €/kWp
La Rioja 600 €/kWp 450 €/kWp
Madrid 600 €/kWp 450 €/kWp
Murcia 600 €/kWp 450 €/kWp
Navarra 600 €/kWp 450 €/kWp
País Vasco 600 €/kWp 450 €/kWp
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There are still many tax rebates for solar PV installation in Spain, depending on the

region involved. An individual can get a rebate on their annual tax return, which is often known

as declaración anual de la Renta or by the acronym ‘IRPF’ (Impuesto sobre la Renta de las

Personas Físicas) (Statista, 2023b). Generally, the deduction can be 20-60% of the total solar PV

installation costs (Statista, 2023a). However, the tax rebate is expected to be higher in 2024

compared to 2023 and previous years.

As reported by the Agencia Tributaria, the tax rebate initiative is available until

December 31st, 2024, and it is applicable in 3 different situations. The first category is the 20%

deduction for solar PV installations, which helps reduce property heating and cooling demands

by at least 7% (Misolar, 2023). The second category is a 40% deduction for solar PV

installations, which lowers the property's consumption of non-renewable energy by at least 30%

or helps the property achieve an A or B energy rating (Statista, 2023b).

The third category is a 60% deduction for the solar PV installation, which lowers the

property's consumption of non-renewable energy by at least 30% and helps it achieve an A or B

energy rating (Statista, 2023a). For the 40% deduction, the taxable base may not be more than

€7,500. Hence, the maximum tax rebate in this context is €3,000 (Net Zero Cities, 2023). For the

60% deduction, the taxable base may not be more than €5,000, indicating that the maximum tax

rebate in this context is €3,000 (Statista, 2023b). However, the 60% deduction initiative allows

individuals and businesses to claim rebates for four consecutive annual tax returns up to a

maximum taxable base of €15,000, indicating that an individual can receive a total of €9,000

(Solar in Spain, 2023). The Impuesto sobre Construcciones, Instalaciones, y Obras, or the ICIO,

is another important initiative that helps cut the cost of solar PV installation and use in Spain.
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With the ICIO, an individual homeowner or business may receive a 30-59% reduction in

the total construction and installations tax (Net Zero Cities, 2023). The ICIO is generally issued

by the local town halls and often applies to any installation or construction work that requires a

permit or license (Solar in Spain, 2023). However, there are some situations where the ICIO can

be up to 4% of the total installation costs (Solar in Spain, 2023). Depending on the town or

region, a business or homeowner can get up to 95% of the tax applied during the construction

and installation of solar PV in Spain (Power Technology, 2023).

Self-Consumption Subsidies and Rules

The Spanish Government has introduced grants to help with the construction costs of

rooftop solar PV installations built for self-consumption purposes only (Rapid Transition, 2023).

To get the grant, specific conditions must be met, and different programs exist for various

players in the market. Precisely, the grant often applies to systems below 5 MW. It has been

predicted that large companies will receive a 15% grant of the total CAPEX costs (Power

Technology, 2023).

Compared to the 35-40%, which applies to the SMEs, it gives them a competitive

advantage over landlords as they can offer low prices of 5 cents/kWh for PPA to tenants (Rapid

Transition, 2023). For the systems above 100kW, there is a need to submit a report that details a

strategic plan and proves that the project does not negatively impact the environment (Power

Technology, 2023). This type of grant is often issued in four stages. The first was published in

December 2021, and the final was issued in March 2023.

Nonetheless, a fixed budget has been allocated to these grants, indicating that the requests

will likely be dealt with in strict order of presentation until the funds are fully exhausted (Balkan

Green Energy News, 2023). Monitoring and maintenance of the grid-connected PV systems is to
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ensure safety with the grid requirement and improve performance. Capacity limits and expansion

are to accommodate increasing shares of renewable energy. Upgrading grid infrastructure was

necessary to accommodate new PV installations and larger projects. Innovative inverter

technologies are aimed at allowing remote monitoring and control. Regular compliances aimed

at improving safety and grid capacity constraints (Rapid Transition, 2023). Grid impact studies

aim to assess the potential effects of the new PV installation on grid stability and performance.

Energy storage integration will migrate the intermittence of solar power, providing a more stable

and reliable electricity supply to the grid (Rapid Transition, 2023). Playing an active role in

demand response programs allows operators to control PV systems flexibly to balance

distribution and demand during the high seasons.

Summary

Grid modernization accommodates the growing share of renewable energy sources,

which includes innovative grid technologies. The grid connection point (GCP) helps the

interfacing of a PV system by allowing it to supply more power than it needs and draw more

power from the grid when required. Grid connection rules prevent as well as secure, safe, and

reliable operation when adding PV systems. Grid impact studies are carried out to determine the

impact of PV systems on the local grids. The options depend on system size and grid capacity:

net metering, gross metering, and feed-in tariffs. During islanding and surge protection, the PV

system and grid personnel are kept safe through devices like islanding protection and surge

protection devices. Due to the variable nature of power generation driven by sunlight, PV

systems create a problem for the power grid, which needs advice. Smart inverters can offer

communication and grid support functions like voltage regulation and reactive power control.

Battery or other storage facilities will minimize variability and ensure optimal integration by
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storing excess solar energy. An area-specific distribution based on the connection of various

small solar units and other distributed power generators can bring about improved reliability and

efficiency in power transmission from the local to the city level.

Determining the method of equal and fair distribution of these costs in the network

between all the users, like PV owners and traditional electricity consumers, is a continuous

discussion. Grid Connection Point (GCP): This is the physical interface where a PV system

connects to the electricity grid, allowing power injection or withdrawal when the load demand

displaces excess generation from the solar plant. Spain applies regular grid code rules in its

services to prevent accidental situations resulting in grid failure when incorporating PV systems.

These standards provide functions related to controlling voltage and frequency, power quality,

and protection. PV systems undergo intensive grid impact analyses (GIAs) before grid

connection to evaluate the possible impacts on the local grid infrastructure, such as voltage

fluctuations, line capacity constraints, and little reverse power flows.

Compatibility with the grid is obtained by fulfilling particular technical requirements,

such as isolating protection devices and surge protective devices. This is necessary for the safety

of both the PV system and grid personnel. While the solar PV penetration increases, the grid

operators are readily helping with the staggering power flows and grid distribution upgrades to

facilitate the efficient integration of distributed solar energy. Acquiring permit documents and

approvals for connection to the grid may be very complicated, and the process may involve a lot

of administrative bodies. This optimization of these processes is a continuous move to increase

the effectiveness and responsiveness of PV projects' grid connection. Developing the

methodology for the equitable and fair distribution of costs for electricity-related grid between
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renewable PV system owners and traditional facilities is being addressed by an ongoing debate

with changing policy approaches.
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