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“Solar and wind together make it possible to 

minimise the intermittency of renewable 

generation. This is extremely important to 

guarantee fewer generation peaks and 
steadier dispatch scheduling.”

Impact and advantages of wind and photovoltaic

hybridisation

Combining renewable technologies to generate electricity

on the same site is not a novelty, it is an increasingly common

practice.

Two approaches are attracting a lot of attention: (1)

combining photovoltaic with hydro capacity, and (2) combining

photovoltaic with wind capacity, the latter will be the focus of this

article.

Given the challenge of intermittency, renewable

operators are constantly aiming to improve the firmness and

stability of their generation.

A wind operator always has the option of installing

photovoltaic capacity in the gaps between wind turbines thereby

maximising energy generation without increasing its grid access

capacity. The hybridisation of wind and photovoltaic capacity,

with or without storage, can therefore provide various

advantages.
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Benefits

1. Higher capacity factor at the grid access point

Site-specific dispatch profiles for different

technologies that are complementary will translate

into an increase in the capacity factor at the grid

access point.

In some countries such as Spain and

Portugal, for example, wind generation tends to be

higher when there is less sun which translates into

higher daily generation.

2. Reduces the need to invest in the electricity grid

Considering the large number of new grid

connection requests, sharing an existing electricity

connection point avoids the need to develop new

lines and substations, which also reduces the

environmental impact.

3. Capex and O&M optimisation

Synergies mean lower infrastructure

investment costs (CAPEX) and more competitive

operation and maintenance costs (OPEX).

4. Speed of processing permits

One of the greatest hurdles in connecting

renewable projects is the delay caused by lengthy

administrative procedures. Connection and start-up

times for new renewables tend to be long. By

combining the two technologies, you avoid

duplicating delays.
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With access to the grid being more

problematic than in Spain, it is not a coincidence

that hybridisation of solar with existing wind power

is of even greater interest in Portugal.

5. Best opportunity to contract PPA in baseload

The agreed prices for pay-as-produced

renewable PPAs, especially solar PPAs, are well

below the baseload PPA prices, which is explained

by the fear of a drop in the capture price spreads

and the lack of interest from large consumers to

use a generation profile that does not match their

needs. But if the sun and the wind resource

complement each other, the dispatch curve will

have a more stable minimum output that serves to

facilitate the sale of generation via a baseload PPA.

Impact on the sector

Having reviewed a number advantages of

solar and wind hybridisation, we will turn our

attention to understanding the impact of

hybridisation on the different players in the market,

namely the electricity system, society and owners

and/or developers.

1. Electricity system

Solar and wind together make it possible to

minimise the intermittency of renewable generation.

This is extremely important to guarantee fewer

generation peaks and steadier dispatch scheduling.

Projects that also incorporate energy storage can

provide even more reliability to the system operator.



Additionally, compared to photovoltaic or

wind-only projects, the imposition of technical

restrictions by the system operator on their dispatch

will be less significant precisely because of this

ability to have a more balanced generation profile.

2. Society

Making more efficient use of the available

sites has multiple benefits. First and foremost, this

makes it possible to free up fertile land for other

activities such as agriculture or livestock, which are

sometimes difficult to exploit if the land is being

used by large wind plants.

Hybridisation can also benefit local rural

employment since it encourages vocational training

in two technologies thereby promoting quality

employment, improving the prospects for sharing

the wealth from the renewable boom, and

encouraging wider economic activity.

It is also noteworthy that hybridisation can

reduce the already low environmental impact of

photovoltaics, which when integrated into a wind

plant minimises the visual impact when integrated

into another infrastructure, and vice versa.

3. Owners / developers

Companies promoting hybrid projects need

to realise the potential increase in the value of the

project relative to the standalone alternatives.

Synergies can lead to a drop in CAPEX

and OPEX which combined with the higher joint

number of operating hours can lead to a reduction

in the Levelised Cost Of Electricity (“LCOE”) of,

say, a photovoltaic expansion at an existing wind

plant. Combing two technologies can also saves

time and work in terms of bureaucratic procedures.

When it comes to financing renewable

projects, storage (with batteries, for example) still

represents a technology with an unproven business

model. But banks have no problem studying wind

and photovoltaic plants. Familiarity with each

component can make it easier for them to finance a

hybrid project.
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Two pioneering projects in Latin America and

Spain

In Chile, Enel Green Power began

construction in mid-2020 of its new Azabache

photovoltaic solar park located about 10 kilometers

from the city of Calama in the Antofagasta Region.

The park will have an installed capacity of 60.9 MW

and requires an investment of approximately

USD49 million.

When it comes into operation, Azabache

will operate jointly with the 90 MW Valle de los

Vientos wind plant. By combining solar and wind, it

will become the first hybrid plant in Chile.

In Spain, Siemens Gamesa has operated

the “La Plana” hybrid pilot plant since 2015. This

combines 850 kW of wind power, 245 kWp of

photovoltaic solar panels, three optional diesel

generators and two types of battery energy storage

technologies with an innovative Hybrid Plant

Controller (“HPC”) that manages generation in real

time. “La Plana” is one of the critical assets of

Siemens Gamesa for its main validation and

verification activities in Spain. The plant can work in

on-grid but also in off-grid operation modes and it

can also work in zero-diesel off-grid operation mode

with the generator sets switched off.

Necessary steps to support hybrid projects

Combining photovoltaic and wind power in

hybrid plants can add to the increasing

competitiveness of both technologies. However,

providing a greater push will require some

regulatory initiatives:

1. Clear regulatory framework.

2. Standardisation of the requirements for

grid connection and metering requirements for

hybrid projects.

3. Allow developers to install total

renewable energy capacity greater than the

authorised grid connection capacity, provided that

the operator respects the limit when operating the

plant.



15 years ago wind and photovoltaic plants

could not compete with conventional technologies.

But as the technologies have matured, costs have

dropped, and we can now say that they will play an

important part in mitigating greenhouse gas

emissions and the impact of climate change.

This belief is reinforced if we can make the

most of the available land at existing wind plants to

install photovoltaic capacity, whose best-known

components, solar panels, continue to show

improvements in efficiency and ability to be cost

effective in any region of the world.

Is the combination of wind and photovoltaic

capacity really viable? To find out, we must know

the actual potential of each resource at the same

site, for example, where there is an operating wind

plant. The study of the complementarity of wind and

solar resources requires chronological data,

preferably hourly data with an historical record of

several years.
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An easily accessible source of this type of

data is satellites that orbit the Earth. Several are

measuring the irradiation and wind speed at almost

any point in the world.

If we combine wind and solar resource data

with specific dispatch algorithms for each

technology, we can simulate the dispatch of a wind

plant, a photovoltaic and / or a hybrid to study their

complementarity.

In the first figure below we have

representative curves of a site in the province of

Valencia (Spain) using information from

Renewables Ninja that uses data from MERRA2.

They represent the hourly dispatch in the first week

of each year.

The uniformity of the photovoltaic profile

and the volatility of wind generation are clear.

https://www.renewables.ninja/
https://gmao.gsfc.nasa.gov/reanalysis/MERRA-2/


But what would happen if we combine the

two sources at the same connection point? For

simplicity, we focus on the data for 2019. The

second figure below shows that the sum of the load

factors seldom exceeds 100%.

In other words, if the connection capacity is

defined by the wind capacity and we add the same

MW of photovoltaic capacity, there would only be 5

hours (out of 168 hours) when dispatch would be

capped.

We can extend the analysis to quantify the

non-dispatchable energy throughout the year (the

result being 5.93% of the sum of the two plants)

and the same for other years (resulting in an annual

range of between 4.45% and 5.93% of non-

dispatchable energy using data for 2015-2019).

What is striking is that the losses due to hourly

overproduction are relatively low.

Using the same data, if the penalty for non-

dispatchable energy falls only on the photovoltaic

expansion, we would be talking about losses of

between 12.64% and 13.92% of its annual

generation.
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We can conclude that a reasonably small

reduction in CAPEX and OPEX would be enough

for a co-located photovoltaic expansion with an

existing wind plant to have a lower LCOE than a

standalone photovoltaic plant.

And since we have hourly data, one can

always examine the benefit of adding batteries to

the analysis.

We are not forced to believe all the results

of this simulation; predictions are always worth

confirming using other sources of information and

the terrain will impose limits, for example, on how

much photovoltaic capacity can be added.

But the satellites do not lie: the

complementarity of the solar and wind resource in

Iberia is not only a seasonal thing (more sun in

summer, less in winter) but is something whose

existence can be confirmed at an hourly level.

And given the global coverage of satellites,

this type of analysis can be extended to many more

countries.
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