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PREFACE 
Energy transition is an opportunity to strike a balance between mitigating climate change and the loss of 
biodiversity, and new economic and social development sectors and models. It is also essential in the 
face of the climate emergency and insecurity with regards energy. There are billions of people who still 
don’t have access to a clean, reliable and affordable energy source. This inevitably has consequences 
on social inequalities and causes damage to the environment. 2022 reminded us of this with record 
temperatures in various regions across the globe and an increasing number of extreme weather events. 

We have however been aware of the main ideas behind this transition for a long time. They include 
sobriety, efficient energy and the development of renewable energy as a substitute for fossil fuels and 
nuclear power. The WWF believes that the only solution to be able to meet the needs of everyone, while 
minimising the impact on the environment, is to switch to renewable energy, produced from natural 
sources such as water, wind, the sun, biomass or geothermal energy. 

Today, we still have a very long way to go: In 2020, only 3.1% of global electricity production came from 
photovoltaics (842 TWh), 32% of which was in China. On the basis of the capacity already installed; the 
International Energy Agency had estimated the share of photovoltaic energy to have reached 5% by the 
end of 2021 (7.2% in Europe). 

And yet the benefits and advantages of renewable energy are numerous and already visible: it is more 
and more competitive and creates employment in attractive areas. It also means a new energy future 
can be created, one that is more balanced, more united and one that respects the environment.  

However, renewable energy can only be developed at the expense of other environmental issues such 
as the erosion of biodiversity or a decline in farming land. In order to get the most out of these energies, 
the facilities - just like any infrastructure - have to comply with sustainability requirements on all levels 
(environmental, social, governance and local economy) and at every stage.  

It was with this in mind that Bouygues Energies & Services and the WWF France came together to work in 
partnership on the sustainable development of photovoltaic energy. 

The WWF France works with companies, local authorities and other stakeholders to build an energy future 
whereby both the environment and local stakeholders are respected. This partnership is part of the long-
term goal to achieve an energy mix based on 100% renewable energy by 2050, that will be adapted to 
each area, whether urban or rural, including all renewable energy sources. 

This practical guide on biodiversity for Bouygues Energies & Services’ photovoltaic energy projects was 
created with this goal in mind. 

It is thanks to the development of projects that are designed and operated in a responsible and 
sustainable way that photovoltaic energy can be developed to its full potential, to build an energy future 
that offers a balance between people and nature. 

 
Bastien Alex 

Head of the Climate 
and Energy Programme 

at WWF France 
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1. INTRODUCTION 
This guide is mainly concerned with large-scale photovoltaic projects built on land or water, 
including standard projects as well as those we call floating PV (photovoltaics) and agrivolta-
ics. Rooftop projects are not discussed in this document. 

1.1. OBJECTIVES OF THIS GUIDE 

1.1.1. Inform the teams and raise awareness of biodiversity 
conservation  

The goal here is to provide the teams in question with some basic notions of biodiversity, so they 
can understand the issues at stake and the impact of the construction and operation of a 
photovoltaic power station. Once the key issues have been identified and illustrated with im-
ages from our worksites, simple, concrete measures to protect biodiversity will be introduced, 
in the form of numbered biodiversity action plans. 

1.1.2. Suggest simple actions that the teams can implement 

Here, the idea is to keep things simple, and relatively easy to implement on-site by the teams 
in charge of the project. Some measures will require support and advice from ecologists, others 
won’t. All the actions will call for common sense and knowledge of the area where the teams 
often work for several months beforehand. 
The goal is to find the right compromise between the issues facing the construction teams who 
have to deliver within the set timeframe, the teams in charge of operations who deal with the 
maintenance of the installations and guarantee performance, client expectations, as well as 
regulatory requirements and biodiversity conservation. 
 

Other documents similar to this guide have already been drawn 
up by design offices and consulting firms specialised in ecology.  
One very well-written example is the PIESO practical guide, 
drawn up by the ECO-MED consulting firm for Total Quadran in 
September 2020.   
Many of the action plans from the PIESO guide have also been 
fully detailed in this document because they perfectly illustrate 
the issues we are facing, with the necessary scientific rigour, of-
fering practical, serious and effective solutions that are often very 
simple to implement. 
However, the PIESO guide is focused on Mediterranean ecosys-
tems, does not deal with floating PV or agrivoltaics, and does not 
include (voluntarily) details about financing and the technical 
means to carry out the recommended work. 
 

The present guide also contains information about the specific issues that are sometimes en-
countered for projects overseas, details the client and company responsibilities, and above-all 
indicates the cost and means of implementing these actions. The documents about floating 
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PV and the benefits of installing beehives are for example original additions that are not men-
tioned in the PIESO guide. 

1.2. WHAT THIS GUIDE IS NOT 

1.2.1. It is not a generic document for project developers 

This is not a document to be used by photovoltaics project managers or developers. These 
documents are currently being drawn up by specialised organisations such as the WWF in 
France or EVEROZE and have already been published by the BNE in Germany and the UNEF in 
Spain. However, as part of the partnership between BOUYGUES and the WWF, this guide can 
be used by the WWF as a technical support document, to back up their final report on photo-
voltaics. 

1.2.2. It is not the Group’s Biodiversity Action Plan 

This document is not a ‘Biodiversity Action Plan’ for Bouygues Energies & Services, detailing the 
company policy and commitment to protecting the environment and mitigating climate 
change. The company’s carbon footprint and project life cycle analysis will therefore not be 
addressed in this document. 

1.2.3. It is not an impact assessment for a photovoltaic project 

Despite the importance and necessity of recognising that large-scale photovoltaic projects 
have an impact on the natural environment they are located in, this guide is not a summary or 
a list of the positive and negative impacts of photovoltaic projects on the environment, or more 
specifically, on biodiversity. In France, the following type of documents are used for that pur-
pose: 
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Photovoltaique et biodiversité : exploita-
tion et valorisation de données issues de 
parcs photovoltaïques en France 

 

Photovoltaics and biodiversity: the use 
and optimisation of data from photovol-
taic power plants in France 

ENERPLAN / SER / Région Nouvelle-Aqui-
taine / Région Occitanie / Région Pro-
vence-Alpes-Côte d’Azur Décembre 
2020 

ENERPLAN / SER / Région Nouvelle-Aqui-
taine / Région Occitanie / Région Pro-
vence-Alpes-Côte d’Azur December 
2020 

Rapport final Final report 

 

1.3. REVIEW OF THE REGULATIONS 

1.3.1. In France, the ‘ERC’ approach: Avoid-Reduce-Offset  

It may be useful to bring up the evolution of regulations for project impact assessments, espe-
cially in France.  Ideally, it is better to avoid or reduce the negative impacts a project can have 
on the environment, from as early on as the design phase, rather than having to compensate 
for this later on (even if that is the main objective of this guide, because any actions to avoid 
or reduce impacts are mainly the responsibility of project developers, not the EPC teams work-
ing on the project). 

 
Figure 1: extract from the PIESO Eco-Med/Quadran guide 
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Schéma 1 – Le bilan écologique de la 
séquence ERC 

Graph 1 - Ecological assessment of the 
ERC sequence 

Etat initial  Initial situation  
Gain Gain 
Perte Loss 
Qualité environnementale Environmental quality 
Impacts bruts du projet Gross impacts of the project 
Impacts non évitables Non-preventable impacts 
Application des mesures d’évitement Application of preventive measures 
Impacts résiduels Residual impacts 
Application des mesures de réduction  Application of reduction measures  
Compensation Compensation 
Impacts résiduels Residual impacts 
Eviter : une mesure d’évitement modifie 
un projet afin de supprimer un impact 
négatif identifié que ce projet engen-
drait. 

Avoid: an avoidance measure modifies 
a project to remove a negative impact 
that this project would cause. 

Réduire : une mesure de réduction vise 
à réduire autant que possible la durée, 
l’intensité et/ou l’étendu des impacts 
d’un projet qui ne peuvent pas être 
complètement évités. 

Reduce: a reduction measure aims to 
reduce as much as possible the dura-
tion, intensity and/or scope of the im-
pacts of a project that cannot be com-
pleted avoided. 

Compenser : une mesure compensa-
toire a pour objet d’apporter une con-
trepartie aux effets négatifs notables, di-
rects ou indirects du projet qui n’ont pu 
être évités ou suffisamment réduits. 

Offset: a compensatory measure aims 
to compensate the significant negative 
effects - whether direct or indirect - 
caused by the project, which could not 
be avoided or sufficiently reduced. 

 
The ERC (Avoid-Reduce-Offset) sequence was introduced in France as part of the law related 
to the protection of nature in 1976 and was then consolidated and detailed in August 2016 in 
legislation related to the restoration of biodiversity, nature and landscapes. 
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GROSS IM-
PACTS OF 

  

REMOVED 
IMPACTS 

NON-PREVENT-
ABLE GROSS 

 

RESID-
UAL IM-

 

OFFSET RESIDUAL 
IMPACTS 

+ ECOLOGICAL GAIN 

Modify a project to remove a 
negative impact caused by this 
project 

Reduce as much as possible the duration, in-
tensity and/or scope of the impacts of a pro-
ject that cannot be completed avoided 

Reduce as much as possible the du-
ration, intensity and/or scope of the 
impacts of a project that cannot be 
completed avoided 

 
 

 
Figure 2: extract from the PIESO Eco-Med/Quadran guide 

The first parts, ‘Avoid and Reduce’, are mainly for project managers or developers who are 
looking for project sites and who need to justify their choices and demonstrate how they have 
avoided sensitive areas, how they intend to reduce the impacts on natural habitats and offset 
any impacts that cannot be either avoided or sufficiently reduced. 
The impact assessment will also include a certain number of ‘compulsory’ compensatory 
measures. It is up to the developer/project manager to draw up these measures and then 
communicate them to the company in charge of either building or using the plant. 
 
The main types of compensatory measures that are usually included in impact assessments will 
be presented in this guide, as well as supporting measures that can be used to complement 
and reinforce anything done beforehand. 

1.3.2. Impact assessments 

In most countries, large-scale photovoltaic projects (on land and on water) are now subject to 
an impact assessment, including an environmental component. An appraisal will be made of 
the initial situation at the project location, and the impacts of the project on the environment 
here will be presented. 
 
In most cases, these impact assessments give a favourable outcome to photovoltaic projects, 
showcasing the benefits of renewable energy sources in the country’s energy mix, and the 
advantages of the project for the local economy. 
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2. BIODIVERSITY: DEFINITIONS 

2.1.1. Biodiversity or biological diversity or diversity of life on Earth 

This term refers to the diversity of living organisms on all levels: diversity of habitats (ecosystems), 
diversity of species, and genetic diversity within the same species. Biodiversity can be consid-
ered on five levels: ecosystems, species, populations, individuals and genes. The second level 
is most definitely the most accessible and can be assessed by naturalists in the field. 
 
To put it simply, we can consider that an ECOSYSTEM is made up of (a) BIOTOPE(S) on the one 
hand which correspond(s) to habitats, and the BIOCENOSIS on the other hand, which corre-
sponds to the plant and animal species residing in these habitats. 

 
Figure 3: Ecosystem images: web source 

Une communauté vivante associée à 
son milieu de vie :  

A living community associated with its 
habitat:  

UN BIOTOPE A BIOTOPE 
Une aire géographique de surface ou 
volume variable, soumise à des condi-
tions dont les dominantes sont homo-
gènes et les ressources suffisantes pour 
assurer le maintien de la vie. 

A geographical area of variable size or 
volume, subject to certain conditions, 
the dominant ones being homogene-
ous, with sufficient resources to sustain 
life. 

UNE BIOCENOSE BIOCENOSIS 
Une peuplement qui se constitue dans 
le conditions écologiques données et se 
maintient en équilibre dynamique. 

A community of organisms living to-
gether in a balanced ecological habi-
tat. 

UN ECOSYSTEME AN ECOSYSTEM 
-Une machinerie vivante -A living environment 
-Une unité fonctionnelle de base de la 
biosphère  

-A basic functional unit of the biosphere  

 

In ecology, these two components are intertwined and interact with each other on a perma-
nent basis. The study of food webs, more generally known as ‘food chains’ can explain that 
when human activity disturbs or damages one of the components of these chains, this can 
have a direct or indirect impact on the entire chain, either immediately or in the longer term. 
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Building a large-scale (sometimes several tens of hectares) solar plant will 
inevitably disturb the biotope (excavation, clearance) and could also disturb 
local biocenosis (displacement of fauna and flora). It can even cause the 
death of any species that are not able to move away from the site. 

Some animal or plant species in the project zone are not considered as rare or endangered, 
but there are other species that must be protected. Destroying them or even just disturbing 
them (especially during their breeding season) can have disastrous consequences for local or 
regional populations.  

Please note: biodiversity is not only about visible animals and plants, it also 
concerns soil. The impacts of the photovoltaic project should be considered 
on a number of levels: in terms of time and space, its irreversible nature (or 
not) and the site-specific, local or regional influential areas. 

3. CHARACTERISTICS OF A TYPICAL 
PROJECT 

A project to build a photovoltaic plant comprises the standard key phases of any large-scale 
infrastructure or construction project. The main differences compared to the construction of 
buildings or linear infrastructure are as follows: 
 

• A ground coverage of several dozens or even hundreds of hectares for large-scale pro-
jects (around 1 ha/MWp for fixed structure projects, up to 2 ha/MWp for solar tracker 
projects), in non-urban areas, sometimes fragmented sites or with several km between 
them, sometimes sites that are difficult to access, sometimes in or near sensitive natural 
areas. 

• Fairly short deadlines for completion: from 6 to 12 months in general, except in Japan 
where the preparatory work for sites can take up to several years before actually build-
ing a photovoltaic plant. 

• Excavation work that is sometimes significant, sometimes not, depending on the site: 
lightweight and shallow foundations are usually preferred when installing the fixations 
for the modules, as well as for operational buildings that are generally fairly modest in 
size. Besides a few buildings, the base camp and the road access network within the 
worksite, the building work involves the installation of PV modules on metallic structures 
that are fixed around 2-3 m deep into the ground using stakes, screws or concrete posts. 
It also involves installing electric inverters and transformers such as outdoor power skids 
or containers, then connecting them with cables that are often buried in trenches, and 
if necessary, building a sub-station to evacuate the energy produced on the network. 

• Significant logistics: dozens of trucks unload containers every day, meaning that the 
road network is used a lot, roads and access routes may need to be improved and this 
can create a lot of traffic on the roads in the local area. 

• Variable numbers of workers: depending on the projects and the countries, more than 
1,000 workers could be required per day for several months, which would have certain 
consequences on project logistics and its environmental impacts. 

 
It is therefore the first phases of the project of building a PV plant which will have the most 
impact on biodiversity: preparing the site, clearing, excavation work, roads and utilities. In just 
a few weeks or months, the site can be stripped of all vegetation and resemble a desert.  
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Figure 4: Preparing the site for the Yaita project, 40 MWp, carried out by Bouygues Energies & Services, 

Japan, 2017. Former golf course converted into a solar plant 
 

The mechanical and electrical installations have less of a direct impact on biodiversity at the 
site (apart from the duration of disturbance from noise and human presence, before plant and 
animal species then recolonise the area) and will not be detailed here. 
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Figure 5: the various phases in building the Noheji PV plant, carried out by Bouygues Energies & Services, 
Japan, 2015: 13.7 MWp 

 

4. IMPACTS OF EACH PROJECT PHASE ON 
BIODIVERSITY 

4.1. PROJECT DESIGN PHASE 
 

How can the issue of biodiversity conservation be considered by the teams 
in charge of plant design/costing (in terms of EPC)? 

 

4.1.1. Understand or ask for an explanation of the conclusions of 
the impact assessment 

The team in charge of design and costing must read the impact assessment and ask a special-
ist for explanations if necessary of the main information concerning biodiversity (understanding 
lists of species in their Latin names is not always possible for everyone). Environmental engineers 
are on-hand in the group: at Elan, within the Sustainable Development Management Team or 
Technical Management (photovoltaics). 
The Project Management Team will confirm, in agreement with the client, the responsibility for 
the implementation of these measures and the means to be used for the management and 
monitoring of these actions. 
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The team in charge of technical and commercial offers will need to list the compensatory 
measures proposed, ask a specialist to explain them if needed, check the proposed cost and 
then integrate these amounts into the costings once they’ve been validated. 
It is better to allocate a budget for these actions right from the beginning, to avoid any conflicts 
with the team in charge of construction and/or O&M (Operation and Maintenance), who will 
undoubtedly have other priorities to deal with, other than this expense which is often put to the 
bottom of the list. 
 
There are no specific measures detailed in the specifications, but there is nothing to prevent us 
proposing initiatives to our clients that take into account biodiversity conservation (clearly de-
tail the amounts allocated to this in the sales sheet), and from highlighting them in the offers. 
Please note that there is nothing stopping the construction teams from implementing these ini-
tiatives voluntarily during the building work, as long as enough initiatives reuse construction 
waste and aim to limit extra costs (elimination of transport or landfill costs). 

A) SPECIFICALLY INCLUDE ENVIRONMENTAL ISSUES LINKED TO SPECIES 
REPRODUCTION CYCLES IN THE PROJECT SCHEDULE 

One of the key considerations in respecting biodiversity when implementing a photovoltaic 
project is species breeding seasons. A large-scale PV project requires several months of con-
struction work (often less than 1 year). This means there will certainly be an impact on the 
breeding season for some animal species (mainly birds and amphibians). It is essential for the 
project team to be fully aware of the risks associated with suspending a worksite and the sig-
nificant drawbacks to certain periods, for these reasons. 
 
The following documents are from the PIESO report mentioned in the introduction, and they 
only apply to France and possibly a few neighbouring countries. They might need to be 
adapted depending on the locations of international projects. 
 
The herpetological species include reptiles (snakes, lizards, slow worms) and amphibians (frogs, 
toads, newts and salamanders). 
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Ornithological species relate to birds, and mammalogical species are mammals, in-
cluding chiroptera (bats). 

| ER4 ADAPTING THE CONSTRUCTION SCHEDULE TO THE PHE-
NOLOGY OF SENSITIVE SPECIES 

TYPES OF MEASUREMENT 
ER 

MAIN GOAL 
Avoid, or at least reduce the likelihood of destroying individuals from the identified 
sensitive species in their breeding and/or wintering periods and keep any disturbances 
to a minimum. 

 

TARGET SPECIES 
All animal species. 

FAVOURABLE PERIOD 
Adapted on a case-by-case basis. 

EXPECTED OUTCOME 
Limit the destruction of individuals. 

METHOD RELATED TO HERPETOLOGICAL SPECIES 
The most sensitive times of year for herpetological species (reptiles and amphibians) 
are from spring to autumn (from March to the end of October). This is the main breed-
ing and feeding period for amphibians and reptiles. Amphibian larvae could be found 
in the aquatic environment up until July, and reptile eggs usually hatch between the 
end of the summer and mid-October. Any clearing work therefore needs to be done 
in the autumn/winter period, when there is less risk for these species. 

Blue: sensitive period - White: period with no specific risk. 
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METHOD RELATED TO ORNITHOLOGICAL SPECIES 

With regards birds, nesting periods are the most sensitive times of year, more so than other 
periods of their biological cycle (migration, wintering, etc.). Also, and more generally, this nest-
ing period begins in April for the earliest species, right up until the end of July for the latest 
species (these dates may vary depending on the species and sites). Clearing work is not rec-
ommended during this time of year, as it could destroy the nests (with eggs or offspring that 
can’t yet fly) of sensitive and/or protected species and will disturb species that are in their 
breeding season. 

Blue: sensitive period - White: period with no specific risk. 

Grey: A period during which some precautions have to be considered. 
 
Ecological sensitivity 
for birds 
BREEDING 
 

The project leader should take into account the recommendations issued by the consultancy 
firm specialised in ecology and respect the dates of ecological sensitivity. The schedule of con-
struction work should be arranged in accordance with these sensitive periods for the endan-
gered wildlife on the site. Expert advice and support can be provided during the construction 
phase to make sure the work does not have an impact on individuals. 

 

METHOD RELATED TO MAMMALOGICAL SPECIES 

As for chiroptera, the main impacts are related to the loss of their hunting ground. This hunting 
ground is used by the species during the most sensitive periods, namely the summer (from June 
to August) when bats give birth to and raise their offspring. It is therefore recommended to 
avoid these periods during preparatory work. If this is not possible, the site must be rendered 
undesirable prior to the work (see ‘Environmental undesirability of the site’). 

Blue: sensitive period - White: period with no specific risk. 

Grey: A period during which some precautions have to be considered. 
 
Ecological sensitivity for chiroptera and mammals 

HIBERNATION - GIVING BIRTH, REARING AND EMANCIPATION OF THE YOUNG - HI-
BERNATION 

 
MONITORING OF THE MEASURE 
Monitored by an environmental expert during the work phases that have the most 
impact. 

SUCCESS INDICATORS 
> No individuals are destroyed. 
> The site in question can be recolonised after the construction work. 
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If this type of limitation exists for the project, it needs to be included in the budget and the 
programme, in order to anticipate possible demobilisation, partial suspension of the worksite or 
assigning teams to alternative tasks that do not disturb these species. 

4.2. CONSTRUCTION PHASE 
 

How can the issue of biodiversity conservation be considered by the teams 
in charge of building the plant (in terms of EPC)? 

4.2.1. Demarcation of the site and marking out sensitive areas to 
be protected 

The first visits to the site, or the beginning of construction work, during the joint demarcation 
carried out by a surveyor and choosing locations for the base camp and logistics platforms, 
the impacts on biodiversity are usually fairly low and limited to occasional disturbance from the 
teams and small workforce (light-duty vehicles, limited noise disturbance). 
It is during this phase that the exclusion zones or areas where species must be protected should 
be identified and clearly marked out, if possible in the presence of an environmental expert. 
As an example, an extract from the PIESO report. 
 

EXAMPLES 

1, 2: Example of a protected area and an information board. ©ECO-MED 

3: Example of marking to avoid any alteration of accessible habitats. 

©ECO-MED J. JALABERT, 11/05/2017, Bédarieux (34) 

4: Example of marking out areas for protected species, and boulders to stop any ma-
chinery from accidentally leaving the site zone. ©ECO-MED P. VARESE, 19/07/2012, 
Castagniers (06) 
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MONITORING OF THE MEASURE 

The condition of the marking and the respect of these protected areas should be monitored 
by an environmental expert during the construction phase, and a report should be drawn up. 
If the environmental limitations to be considered are not respected, a technical note should 
be drawn up, notifying the lack of conformity and corrective measures will be proposed when 
this is possible. At the end of the construction work, a final report must be drawn up with details 
of the audit carried out throughout the construction phase, and this should be handed over to 
the applicant. 

SUCCESS INDICATORS 

> Maintaining sensitive flora and fauna after construction of the PV plant. 
> Preservation of sensitive habitats after construction of the PV plant. 

 
The costs are very limited but variable depending on the surface area: ranging from a few 
hundred to several thousand euros for marking and signage. 

4.2.2. Clearing, tree felling 

In most cases, installing a solar plant will require clearing the plots of land used: this can be 
simple herbaceous vegetation (breeding meadows) or farmland, but depending on the coun-
tries, this could be more or less arid steppes, semi-open areas or partially or totally wooded 
areas.  
Most projects today involve groves of remarkable trees (where protected species have been 
recorded, or around ponds or wetlands) that now have to be preserved, even if they are lo-
cated in the middle of the site. This is a limitation in installing solar panels (design and shades to 
manage) but it also means that ‘islands of biodiversity’ can be safeguarded within solar plants. 
These groves are roosting and feeding zones, nesting zones for birds and chiroptera mainly, but 
also for many insects and small mammals. 
 
In Japan, most large-scale projects include conservation or the creation of wooded ecological 
corridors that are 50 m wide and allow animals to cross through the site. 
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Figure 6: tree feeling operation for the Japanese project Yaita, 2016: 

some groves were preserved within the PV plant 
 
Depending on the type of vegetation and the country, the means employed to remove the 
vegetation may vary (often using a bulldozer and a digger for reasons related to cost and 
time). Considering the surface area to cover and the allocated time to do so, manual flatten-
ing or horse logging are rarely used, which is a shame because these methods have less of an 
impact on biodiversity.  
 
In Australia, tree felling in wooded areas is sometimes (never for our projects) carried out using 
radical and brutal methods: two powerful bulldozers linked by huge metal chains move for-
ward in unison and rip out all the trees in strips several dozen metres wide. In this extreme case, 
it is likely that any tree-dwelling wildlife would not be able to flee the construction zone quickly 
and will therefore be either heavily impacted or destroyed. 
Concerning farming land (sugar cane fields for example), clearing operations are very similar 
to standard harvesting techniques using farming machinery, which is more or less mechanical 
depending on the country and local practices. In these conditions, any animal species usually 
have enough time to flee the construction zone (even more so if this area is not yet fenced 
off). 
 
For some Australian projects, the land is often cleared using the slash-and-burn method 
whereby vegetation is burned under the control of local fire-fighters who make sure the fire 
does not spread outside the boundaries of the site. This technique may seem to go against any 
biodiversity conservation, but the advantage is that it is an effective, quick and affordable 
solution. It does not stop any herbaceous vegetation from quickly growing back after a few 
weeks.  
It is likely that deaths will occur for insects and some species that are unable to flee the fire, but 
some animals are able to escape the fire by burrowing into the ground for example. 
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Figure 7: slash-and-burn technique to clear land covered in herbaceous vegetation in Australia, images 

from Bouygues worksites. 
 
Surprisingly, but always under the control of a certified agronomist, the use of chemical weed-
killers (glyphosate/round-up) is authorised in Australia to control certain invasive species when 
clearing a site. 
 
In an effort to protect biodiversity, these deforestation or clearing operations should be moni-
tored and managed by an ecologist, who is able to stop work from time to time if necessary to 
rescue occupied nests on the ground for example, or small land animals (amphibians, reptiles). 
It could be useful for the project team to locate a wild animal refuge nearby to be able to 
evacuate any animals that are found or injured. Concealing wild or protected animals is pro-
hibited. 

4.2.3. Managing green waste 

This guide will detail proposed actions for the management of green waste generated by these 
operations, to reuse the trunks and branches from felled trees on-site or the shavings from shred-
ded branches from small sections. 
 
The idea is to safeguard the balance between flora, fauna and soil, the recycling processes of 
organic matter and mineral salts by not removing all the cut down vegetation systematically. 
Substantial savings can be made here. 
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Figure 8: storage of logs from the felling operation, before evacuating them, on the Japanese Yaita pro-

ject 

4.2.4. Demolition of buildings or small constructions 

In some cases, preparing the land may also require the destruction of buildings or other struc-
tures. 
On the following pages, some extracts from the PIESO reports explain how the destruction op-
erations should be managed for buildings or structures that may house species that should be 
protected, and how protected species can be recovered and moved. 
 

| ER7 DECOMMISSIONING A BUILDING THAT SERVES AS A REFUGE FOR ANTHRO-

POPHILIC FAUNA 
TYPES OF MEASUREMENT 

E R 
MAIN GOAL 

Avoid (or at least reduce the likelihood of) the risk of destroying individuals in their breeding 
and/or wintering phase and limit the disturbance caused when decommissioning a building 
that serves as a refuge for anthropophilic fauna (when it’s not possible to avoid completely). 
This particularly concerns avifauna, chiroptera and reptiles. 
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MAIN GOAL 

Avoid (or at least reduce the likelihood of) the risk of destroying individuals in their breeding 
and/or wintering phase and limit the disturbance caused when decommissioning a building 
that serves as a refuge for anthropophilic fauna (when it’s not possible to avoid completely). 
This particularly concerns avifauna, chiroptera and reptiles. 

 

TARGET SPECIES 
Birds, mammals and reptiles. 
 
FAVOURABLE PERIOD 
September to November. 
 
EXPECTED OUTCOME 
Avoid the destruction of individuals who have taken refuge in the building. 
 
METHOD RELATED TO ORNITHOLOGICAL SPECIES 
In the event that a building that is a favourable refuge for birds is located on the project site 
(and so is scheduled to be demolished), a study will need to be done to check for the presence 
of individuals or any signs of possible presence. 
 
Various species can use the building for nesting (in cavities or an entrance): Little owl, barn owl, 
black redstart, barn swallow, common house martin, common swift, Eurasian hoopoe, house 
sparrow, etc. 
 
If no visits were possible to the building in question during the land inspections, the possibilities 
of presence will be decided depending on the layout of the building and visible doors and 
windows. The presence of individuals who have taken refuge here cannot be discounted. 
 
Ideally, before the construction work, the building should be inspected to check it isn’t occu-
pied, and all entrances that could be used by fauna should be blocked off. 
 
In the event that individuals are detected as having taken refuge here, suitable measures will 
be taken, on a case-by-case basis. 
 
This building should be destroyed outside of sensitive periods, i.e. between September and No-
vember. 
 

4.2.5. Moving protected plants 

The same applies to flora. It could be useful to have a botanist present to protect or move a 
rare or protected species that was not identified in the initial impact assessment. 
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| ER11 MANUAL TRANSPLANTATION OF INDI-
VIDUAL PLANTS FROM A PROTECTED 
SPECIES 

TYPES OF MEASUREMENT 

E R 
MAIN GOAL 

Avoid destroying individual plants from a protected species. 
 

TARGET SPECIES 
Natural habitats and flora. 
 
FAVOURABLE PERIOD 
Before the beginning of construction work. 
 
EXPECTED OUTCOME 
Protect the species in question and the populations of protected flora, on a local scale. 
 
GENERAL METHOD 
When a protected species or a host plant for a protected animal species is located on the 
project site and this location cannot be modified, the usual solution (on an experimental basis) 
is to move the individuals in question. 
 
Transplantation should be carried out manually in order to increase the likelihood of success 
when the vegetation is removed and then replanted (machinery would inevitably cause more 
damage, except in the case of transplanting deeply rooted individual plants, or for entire pop-
ulations). This operation should be carried out prior to the beginning of the construction work, 
also taking into account the favourable period for removing plants and replanting them, which 
may vary depending on the species in question. It is usually done during the day, with the help 
of an expert botanist, in an area that is favourable for the development of the species, while 
also making sure that transplantation will not have an impact on any individuals already grow-
ing in this area. 
 
MONITORING OF THE MEASURE 

The relocation plots should be monitored in order to determine the survival rates. 
 
SUCCESS INDICATORS 

> Positive growth rate of the population over the medium term. 
> Presence of any associated fauna. 
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4.2.6. Stripping topsoil and herbaceous vegetation 

In some cases, it may be necessary to strip the layer of topsoil at a depth of several dozen 
centimetres. This layer of topsoil does not usually boast the right mechanical characteristics to 
be included in the calculations when taking measurements for stakes or foundations for the 
structures that will bear the solar panels, and this layer of topsoil is also likely to turn into mud 
during rainy periods, making it difficult for construction machinery to move around the area 
and therefore slowing down the whole worksite. 
Depending on the sites, stripping the topsoil may be considered or requested, often to avoid 
machinery from getting bogged down or stuck. This is especially the case when the layer of 
topsoil is more than 20-30 cm thick, and during rainy seasons or in areas with high levels of 
humidity or rainfall. 
When we ask or suggest that the construction teams leave the layer of topsoil and herbaceous 
vegetation where they are to limit erosion, this is what they tell us:  

• To pinpoint accurate locations for stakes or screws, the surveyor and their teams need 
to be working on a clear ground. The work is complicated in tall grasses. The work is 
slowed down. 

• Placing metal structures on the ground before assembly can be complicated if there is 
too much vegetation: risk of losing screws and other small parts. The work is slowed 
down. 

• In most cases in an inter-tropical zone, vegetation grows back very quickly. In just a few 
days or weeks vegetation grows back and requires regular mowing maintenance dur-
ing construction. 

 
It is however important for biodiversity to limit the systematic stripping of the superficial layers 
of soil (topsoil). 
Systematically stripping the layer of topsoil is not recommended, except if there is the possibility 
of storing it on-site and using it later. This operation destroys the biodiversity in the soil and mod-
ifies/disturbs the balance and processes: the recycling processes of organic matter, disturb-
ance of the water cycle. 
It is often specified in the contract to restore vegetation on-site after construction work. Storing 
the topsoil during construction work is a means of saving time and money and at the same 
time restoring the benefits of vegetation, in preventing erosion and the emission of dust for 
example, not-to-mention the benefits for biodiversity. 
Treating soil helps to limit any disadvantages that muddy ground can cause: treatment using 
lime (not very environmentally friendly), adding wood shavings, installing metal plates, wooden 
planks or panels to make it easier for machinery to move over muddy or slippery ground. 
 

 
Figure 9: using wood shavings to protect sloping ground (Yaita project) and using metal protective 

plates under heavy tracks for the Noheji project in Japan 
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4.2.7. Excavation, levelling operations  

 

 

 
Figure 10: significant excavation work at the former Yaita golf course, Japan, 2016 

 
Due to the significant cost of these operations, excavation work is increasingly limited to the 
strict minimum. This means that land will be delivered with slopes that are compatible with the 
installation of metal structures (fixed structure or tracker) with certain tolerances to respect in 
terms of installation. 
Likewise, in the design phase, the goal of the studies is to strike a balance between the mate-
rials removed and what is needed for backfill so that nothing needs to be imported or evacu-
ated, always with cost reduction in mind. 
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4.2.8. Trenches, special structures 

In most cases, the cables for a solar plant are buried into trenches using mechanical diggers 
or trenchers. These trenches can be several metres wide and are usually less than 2 m deep. 
They are then filled in using sand and materials from the site. 
 

 
Figure 11: examples of trenches for PV projects: 

Bouygues worksites in Australia 
 
In some cases, and for the moment mainly in Canada, there are buried gas pipes crossing 
through the sites that need to be intertwined with the cable networks. 
In this situation, excavation work can be much more significant and complex: directional drill-
ing or large openings like the ones in the photo below.  
 

 

 
Figure 12: photos from the GASTIER worksites in Canada: crossing gas pipelines 
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4.2.9. Managing the risk of polluting soils and aquatic 
environments with construction machinery 

At this stage in the project, the biggest impacts on biodiversity have already been noted during 
clearing operations. In other words, the impacts on microfauna in the soil is no longer cause for 
concern. Any large fauna or avifauna has already left the site and the main disturbances now 
for the environment are noise, smoke emissions, dust and any possible contaminations of water 
courses by suspended solids, fuel or oil leaks. 
 
It is therefore a priority to avoid or limit pollution of soil and water caused by oil or fuel from 
excavation machinery, to avoid any contamination of these habitats, and to make sure later 
recolonisation of biodiversity is not compromised, even though this is not something that people 
would necessarily notice. 
 
 

 
Figure 13: disposal site for barrels of hydrocarbons and oils for the Japanese project Yaita: 

very bad example - to be avoided (there are no suitable collection tanks.) 
 
These good practices are usually already well integrated into corporate processes. 
When carrying out any construction work, various risks of pollution (namely accidental spillages 
of polluting substances such as hydrocarbons, solid waste, etc.) must be prevented. Here are 
some recommendations to take into consideration with regards oils, grease and hydrocarbons: 
 

• Worksite vehicles and machinery should have undergone a recent technical inspection 
and should be well maintained (sealing of tanks and piping for fuel, lubricants and hy-
draulic fluid). 

• The worksite base camp on the PV plant site should be far from environmentally sensitive 
areas, and in a zone that does not present a flooding risk (or cannot be easily flooded). 

• The worksite machinery should be parked away from environmentally sensitive areas, 
and in a zone that does not present a flooding risk (or cannot be easily flooded). 

 
Changing oils, cleaning, maintenance and fuelling machinery should be carried out in areas 
that are specifically developed for these reasons and have been made water resistant, away 
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from the construction area. Products used for changing oils must be collected/evacuated in 
closed barrels to certified landfill sites: 
  

• Any maintenance or mechanical repair work is strictly forbidden outside of areas that 
have been especially designed with these reasons in mind. 

• Non-natural substances must not be disposed of in the natural environment and should 
be removed by the appropriate organisations. Contaminated soil should also be evac-
uated/reprocessed. 

 
Absorbent products should be available on the worksite to be able to take immediate action 
in the event of accidental spillage of hydrocarbons or engine oil into waterways.  
 
Wastewater: If worksites are not connected to a wastewater collection network, they should 
be equipped with self-sufficient sanitary facilities (showers, toilets) with effluent storage tanks. 
These containers must be emptied on a regular basis by a managing firm. 
 
Worksite waste: Waste from the worksite must be managed and processed by construction 
contractors, in accordance with current regulations, namely: 
 

•  French law n°75-633 of 15 July 1975, amended, on waste disposal and recovery of ma-
terials. 

• French law n°92-646 of 13 July 1992, amended, modifying and supplementing the pre-
vious law. 

• Decree of 18 February 1994 amending the decree of 18 December 1992 and setting 
the admission thresholds for special waste to category 1 industrial landfill sites, as well as 
the thresholds from which this waste should be stabilised. 

The companies must therefore commit to: 

•  Organise the collection and sorting of waste and packaging, according to its nature 
and toxicity. 

• This waste should be hermetically sealed. 

• Allocate a temporary storage site that can be used on a daily basis for waste gener-
ated by the worksite, to then make it easier to remove this waste at a later date, through 
the appropriate channels. 

• Take the necessary measures to stop waste and packaging from blowing away. 
 
 
 
 

4.2.10. Managing rainwater and the risk of soil erosion 

A) MANAGING THE RISK OF SUSPENDED SOLIDS POLLUTING AQUATIC 
ENVIRONMENTS 

Impact assessments, as well as geotechnical and hydraulic assessments carried out for solar 
projects now systematically include the topic of managing suspended solids in runoff water on 
the site. 
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However, the project team still needs to correctly identify the flowing direction of rainwater on 
the site before any drainage work is done, and outflows in the natural environment also need 
to be identified (the existing waterways, ponds or low-lying areas around the site). 
 

 
Figure 14: large water retention basin before the water is released into the natural environment, 

 Yaita project, Japan. 
 
To avoid this type of pollution, either temporarily or permanently, retention basins with sediment 
pockets (deeper zone at the entrance to the basin where the water flows more slowly and so 
any suspended solids can be collected) or compartmentalised ditches with systems of overflow 
levels could be installed to replace the conventional drainage systems (concrete ditches) 
which are usually designed to evacuate water quickly, whether there are suspended solids in 
it or not.  

 
Figure 15: example of a cross-section of a settling tank: source online image: 

AFB Technical Guide - Good environmental practices - Protection of aquatic environments during the 
construction phase - February 2018 

 
Fossé d’alimentation Inflow ditch 
Dispositif anti-érosion Anti-erosion device 
Amont Upstream 
Réglet (hauteur de sédiments décantés) Measurements (height of settled sediments) 
Zone d’arrivée = 35% longueur Arrival zone = 35% length 
Hauteur utile de stockage  Useful storage height  
Hauteur volume mort Dead volume height 
1ière chambre = 25 longueur 1st chamber = 25% length 
Zone de sortie = 15% longueur Exit zone = 15% length 
Orifice d fuite  Leakage port  
Colliers anti-érosion  Anti-erosion collars  
Surverse Overflow 
Dispositif anti-érosion Anti-erosion device 
Fossé de raccordement au milieu récepteur Connecting ditch to the receiving environ-

ment 



 

 
 PHOTOVOLTAIC PROJECTS & BIODIVERSITY CONSERVATION | 03/08/2022 30 

 

 
 

 
 

Bassin de décantation équipé de barrières per-
méables. 

Settling tank equipped with permeable barriers. 

L’abattement de la turbidité est visible. The reduction in turbidity levels is visible. 
Attention néanmoins à ce que le niveau d’eau 
ne dépasse pas celui des barrières perméables. 

Make sure the water level does not exceed that 
of the permeable barriers. 

Bassin de décantation aux berges végétalisées 
et équipé de barrières perméables en toile coco. 

Settling tank with vegetated banks and equipped 
with permeable barriers made from coir fibres. 

 
Figure 16: example of a settling tank with geotextile vertical filtering: web source AFB Technical Guide - 

Good environmental practices - Protection of aquatic environments 
during the construction phase - February 2018 

 

  

 
 

GUIDE TECHNIQUE TECHNICAL GUIDE 
Gestion environnementale des fossés Environmental management of ditches 
Des fossés qui retiennent l’eau Ditches that retain water 

 
 
We can also refer to the descriptions of the proposed solutions in this Canadian technical 
guide: Environmental management of ditches. 
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The solution of keeping grassy strips (at least 5 to 10 m wide) around the site or alongside the 
drains also helps to limit suspended solid waste in nearby aquatic environments in the case of 
overflow. 

For some projects, the conservation of aquatic environments is overlooked. 
It is therefore necessary to do everything possible (sediment traps) to limit 
suspended waste from construction works clogging up the bottom of ditches, 
waterways or nearby lakes and ponds. 

 

B) DRAINAGE NETWORK, DITCHES 

One of the main challenges that the construction teams face is to secure the site by quickly 
installing an effective drainage network that allows them to move around the site with machin-
ery, even during rainy periods. 
 
As a continuation of excavation and levelling operations, the design of the drainage system 
for the photovoltaic plant can have an impact on biodiversity in that it modifies the way the 
local water system works, by drying out some areas, or on the contrary, creating flooding in 
others. If the site includes wetlands or aquatic environments, it should be assumed that these 
are potential biodiversity reserves. 
  
Wherever possible, these natural drainage systems should be preserved, but it may be neces-
sary to make significant modifications or create ditches or retention basins if the security and 
construction deadlines at the site call for such changes.  
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Figure 17: photo of a Bouygues PV worksite in Thailand after a period of heavy rainfall, site is in a basin 

and is flooded. 
 
Here again, studies will provide indications for optimal dimensions of these rainfall evacuation 
or retention systems. Recommendations are generally based on hydraulic constructions either 
made from concrete or sealed using non-biodegradable materials (HDPE membrane), which 
is not particularly favourable for biodiversity and can even be a lethal trap for fauna (observa-
tion made in Japan for networks using metal sheeting, but the public authorities in charge of 
hydraulic installations were not willing to make compromises with regards flooding avoidance 
initiatives). 
 

 
 

Figure 18: example of drainage using concrete and steel sheeting for the Yaita project in Japan, the 
settling ditch turned out to be a lethal trap for many amphibians who became stuck there and could 

not get out in dry periods. 
 

Alternative designs for drainage systems are possible: wherever possible, U-
shaped or V-shaped concrete ditches should be avoided. It is better to opt 
for wider, gently sloping vegetated drainage ditches, protected with coir fibre 
geotextile that may be less resistant but which are more durable and easier 
to maintain. There are numerous examples of ravelling in concrete culvert 
and concrete gutters after exceptionally heavy rainfall, especially in tropical 
climates. The cost of refurbishing these artificial concrete or steel structures is 
considerable, compared to the rehabilitation of natural ditches, replanted 
onto coir fibre geotextile.  

The basins can be sealed using compacted clay or bentonite. Partial infiltration will not have a 
completely negative effect on retention structures because they are not supposed to remain 
full at all times, otherwise there would be a more limited storage capacity for the next event. 
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Figure 19: examples of ‘natural’ drainage ditches that are either filled with vegetation or stones, locally, 

BIM2 project, Vietnam 250 MWp in 2018, carried out by Bouygues Energies & Services. 
 
Also, in the case of large-scale photovoltaic plants, it is much easier for machinery to access 
the photovoltaic modules for maintenance purposes via a gently sloping drainage ditch rather 
than using culvert passages or bridges. 
 

The notion of evacuation capacity in the event of exceptionally heavy pro-
ject rainfall is highly important. However, the notions of retention and infiltra-
tion of water flow are interesting in terms of flood management, and more 
generally in respecting the water cycle and reducing pollution downstream 
from the site. These methods can incur dredging and maintenance costs, to 
be compared with the benefits for biodiversity and the conservation of 
aquatic environments downstream of the project. 

 

4.3. OPERATIONS & MAINTENANCE PHASE (O&M) 
 

How can the issue of biodiversity conservation be considered by the teams 
in charge of O&M? 

 
Besides the preventive and curative maintenance measures on the solar plant's electrical and 
mechanical equipment, the main activities that could have a significant impact on biodiversity 
at the site relate to the maintenance of the modules, especially the maintenance of vegeta-
tion under and between the tables. 
 

4.3.1. Cleaning the modules 

Depending on the country and the allocated cleaning budget, various methods are used:  

• Mechanised method using a tractor or digger with articulated arm and rotating brush, 
with or without water. 
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Figure 20: example of cleaning with a rotating brush on an articulated arm of a tracked mini excavator: 
web source sunbruchmobil.com & mulag.de 

In this case, the main impacts on biodiversity come from the machinery moving along between 
the rows, but it moves at a slow speed and so the risk for fauna is low as the animals have time 
to flee. Any plant life however will be crushed. 

• Manual method, using telescopic poles and a hosepipe 

 
Figure 21: extract from an O&M report from Bouygues in Thailand: 

manual cleaning of modules 
 
The impact on biodiversity in this case is even lower. 
 
In both cases, the use of toxic cleaning products is prohibited. 
The best water to use for cleaning is the rainwater stored on-site. Some projects use demineral-
ised water to avoid any limescale forming on the modules. 
Make sure the water used is always at a similar temperature to the modules, to avoid any ther-
mal shock.  
It is essential that the teams strive to use as little water as possible for these operations, and if 
possible, use rainwater that has been collected and filtered on-site. 
 
 

4.3.2. Maintaining vegetation 

Here too, there are various methods used for mowing or maintaining vegetation alongside 
roads or between rows of panels depending on the sites and the countries: electric or petrol 
mower, or a small tractor and electric or petrol strimmer for the finishing edges. 
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Figure 22: extract from an O&M report from Bouygues in Thailand, 

manual strimming using a strimmer. 
 
The impact on biodiversity will depend on the level of training and awareness of the operators, 
who are generally neither trained nor aware of the topic, and who believe that to do a good 
job, they need to mow the entire area, removing everything in their wake. In most cases, the 
operators are trained to not cut the electric cables underneath the tables and to prevent stones 
from hitting the modules, but they are not made aware of selective mowing or avoiding micro-
fauna. 
Vegetation such as climbing vines on stakes, posts or metal structures are already removed 
manually by the teams because the standard mechanical methods are ineffective. 
 
You’ll find more detailed information and other solutions in action plan no.6 of this guide. 
 

5. BIODIVERSITY ACTION PLANS 
This part of the guide presents 13 biodiversity action plans on the following topics:  
 

• Action plan no.1: Choice of boundary features and installing passages for 
fauna 

• Action plan no.2: Light pollution at night 
• Action plan no.3: Riparian woodland and hedgerows: protection & replanting 
• Action plan no.4: Managing green waste, timber 
• Action plan no.5: Managing contaminated soils (undesirable invasive species) 
• Action plan no.6: Maintenance of vegetation within the solar plant 
• Action plan no.7: Creating a pond 
• Action plan no.8: Building dwellings for small animals 
• Action plan no.9: Building nesting boxes for birds 
• Action plan no.10: Building nesting boxes for chiroptera 
• Action plan no.11: Bees and pollination within the solar plant 
• Action plan no.12: Creating dwellings for aquatic fauna underneath floating PV 

 
The last action plan is very important because it highlights an issue that is generally set aside or 
overlooked by operators. 
 

• Action plan no.13: Implementing environmental monitoring, a follow-up of the 
effectiveness of measures taken to safeguard biodiversity 
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5.1. ACTION PLAN NO.1: CHOICE OF BOUNDARY 
FEATURES & INSTALLING PASSAGES FOR FAUNA 

Except for specific cases of projects in areas where the risk of attacks or theft are high, and 
where full concrete, half-buried fencing is required, the vast majority of PV projects are closed 
off by simple wire fencing. 
However, depending on the country and the project specifications, the types of post and fenc-
ing (mesh size) can vary and do not always take into account the constraints of small wildlife 
movement. 
 

 
 

Figure 23: example of fencing for Japanese projects 
 
There are some species such as snakes for example that do not have issues moving around 
freely, even with this sort of fencing, but this is not the case for numerous other land-based 
species.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 24: example of a snake crossing through the fencing at the Noheji plant in Japan. 
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5.1.1. Anti-intrusion security system and movement of large fauna 

Large fauna is not always taken into account in the design of perimeter fencing for solar pro-
jects, except in the cases where genuine ecological corridors are maintained, allowing animals 
to cross through the site. 
When there are rivers or ditches crossing through the site, the question of arbitration arises be-
tween leaving a free passage under the fencing for waterways or drainage ditches, or to close 
off these passages at the risk of creating favourable zones where log jams could form and 
threaten the stability of the fencing in the event of flooding. 
 
Whatever the choice of structures, animals must be able to easily leave the site without getting 
trapped, otherwise there would also be a risk of damage to the facilities and these animals 
could pose a danger to maintenance operators. 
 

 
 

Figure 25: example of a drain passing under the fencing, providing access for large fauna 

5.1.2. Examples of facilities providing access to fauna 

In many cases today (France, UK, Australia), low shrubby hedgerows are added to fencing to 
better integrate the project with local biodiversity. These initiatives should be encouraged. 
These plant-based barriers can be used to conceal openings for small fauna. 
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Figure 26: example of a biodiversity document put forward by Bruxelles Environnement, web source 
 
 

RECOMMANDATIONS TECHNIQUES BATI & BI-
ODIVERSITE 

TECHNICAL RECOMMENDATIONS 
BUILDING & BIODIVERSITY 

PRINCIPES GENERAUX GENERAL PRINCIPLES 
Le principe de base est de ne pas installer 
de clôtures si cela n’est pas indispensable. 

The basic idea is to avoid installing fencing if 
it is not absolutely necessary. 

Adapter les éléments de délimitation en 
créant des ouvertures de 10 à 20cm2 tous 
les 15m. 

Adapt boundary structures by creating 10 to 
20 cm2 openings every 15 m. 

Opter pour la plus grande ouverture pos-
sible pour permettre à des animaux de plus 
grande taille de bénéficier également de 
ce passage.  

Opt for the widest possible opening to allow 
large animals to also use this passage.  

Si la longueur totale de la clôture est infé-
rieure à 15 m, prévoir au moins 1 passage. 

If the total length of the perimeter fencing is 
less than 15 m, provide at least 1 passage. 

Exemples de clôtures facilitant la circulation 
de la petite faune. 

Examples of boundary features that facili-
tate the movement of small fauna. 

Some environmental experts went further in their analyses of the associated risks in installing 
fencing and presented their recommendations in the PIESO guide.  
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R18 ADAPTING PERIMETER FENCING TO 
ALLOW THE PASSAGE OF FAUNA 

TYPES OF MEASUREMENT 

E R 
MAIN GOAL 

Make the project site accessible for local fauna, namely reptiles, amphibians and small mam-
mals. 
 
TARGET SPECIES 
Small and medium-sized fauna, large birds of prey and cavity-nesting species. 
 
FAVOURABLE PERIOD 
During the entire operational phase of the PV plant. 
 
EXPECTED OUTCOME 
> PV plant is accessible for local fauna, namely reptiles, amphibians and small mam-

mals. 
> Ecological continuity is maintained for these species. 
> Make sure the fencing doesn’t become a lethal trap for any fauna, whether this is 
the fencing itself or the wires around the posts. 
 

GENERAL METHOD 
When installing fencing and stakes with the goal of restricting access to the PV plant, 
certain issues must be taken into consideration (related to birds and mammals for in-
stance) and this fencing must not block any ecological corridors or other environmen-
tal features. 

With regards birds, they may use the fencing as a place to land and observe their 
prey. This would be particularly attractive for birds of prey and insectivore birds. The 
fencing could also represent a lethal obstacle for large birds of prey, coming between 
the bird and its prey. 

To limit any avifauna colliding with the various parts of the fencing, there are several solu-
tions: 

> When birds of prey are hunting for food, they could collide with a part of the fencing 
(stakes, wire fencing) as they are attempting to capture their prey, if the fencing is in 
their line of flight. When the bird approaches the fencing at a right angle or swoops 
down into it from the outside, it is likely to collide with or even be impaled onto a part 
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of the fencing that separates the bird and its prey. To reduce these risks, it is recom-
mended to use mesh fencing and stakes with a flat surface at the top so that these 
features do not pose a danger to avifauna. 
> Finally, the mesh for the fencing must be wide enough to let small vertebrate fauna 
pass through, such as reptiles, amphibians and small mammals. 
To leave space for small fauna, amphibians, reptiles and 
small mammals to pass through the fencing, the mesh fenc-
ing around the plant must be similar to ‘game fencing’. How-
ever, it is recommended to install the fencing upside down 
(the top at the bottom) so that the wider mesh is just above 
the ground.  
This type of mesh fencing is resistant, durable and easy to 
stretch, making it perfectly adapted to its various functions. 

 

Exemple de grillage à 
gibier : 

Example of game fenc-
ing: 

hauteur totale : 240 cm Total height: 240 cm 
enfouissement : 40 cm Depth into the ground: 

40 cm 
mailles au niveau du sol, 
en largeur : 15 cm et en 
hauteur : 17,5 cm. 
Source : SETRA, 2008 

 Width of mesh at 
ground level: 15 cm and 
the height: 17.5 cm 
Source: SETRA, 2008 

If this type of fencing cannot be used, an alternative is to cut the fencing to allow 
fauna to pass through it. There should be enough openings so that fauna can actually 
use these features. 
An example of an opening is provided here: 

 

Vue de face Front view 
Tube d’acier évitant là surélévation et 
détérioration du grillage par les sangliers 

Steel tubing to stop the fencing from be-
ing lifted up or damaged by wild boars 

Présence de zones d’ouverture tous les 
25 

Openings such as this are installed every 
25 m 
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5.1.3. Choice of posts to avoid the death of cavity-nesting animals 

To limit the impact of the fencing for chiroptera, the maximum height of the fencing is 
2 m. Barbed wire and any electrified distancing systems are strictly forbidden. 
Finally, using hollow posts can be lethal traps for small mammals, chiroptera, reptiles 
and birds and so this should be avoided. Cave-dwelling species search for cavities to 
nest or rest in, and so they enter hollow posts at the top and bury down into them. 
They remain trapped inside and eventually die of hunger, thirst and exhaustion. Studies 
have shown that one in two unblocked posts have dead animals inside them. Several 
species have been found inside these posts, including owls, woodpeckers, tits, nut-
hatches, starlings, colonies of bats, dormouse and even snakes and lizards. 
In order to solve this and neutralise these death traps for wildlife, several plugs have 
been developed: 
> Plastic stoppers have been tested; They were not very effective and were easily re-

moved; 
> Galvanised metal stoppers were also tested; This type of stopper is stronger than the 
plastic stopper, but it falls off the post when the metal dilates due to changes in tem-
perature. 
Finally, a metal cover was designed and seems to be satisfactory (NOBLET, 2010). 
Presentation of the different types of stoppers to block off hollow posts. 
Source: NOBLET, 2010 
The different telephone poles 

 

A. Wooden post with a plastic top. 

B. An unblocked hollow metal post 
with an owl stuck inside. 

C. A hollow metal post with a black 
plastic stopper. 

D. A hollow metal post with a galva-
nised metal stopper. 

E. A hollow metal post blocked 
off during the manufacturing phase. 

MONITORING OF THE MEASURE 
> Project managers should make sure these recommendations are taken into con-
sideration when any additional features are added to the PV plant (fencing, lighting, 
etc.). 
> An environmental expert can inspect the fencing to make sure it does not pose a 
threat or create any disturbance for fauna. 
 
SUCCESS INDICATOR 
> No deaths of individuals. 
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5.1.4. Estimated associated costs 

The special panels generally cost a little more than standard ones despite the fact that less 
materials are required, but the special features to let fauna pass through the fencing should 
not incur significant associated costs. To be negotiated with the supplier at the time of placing 
the order, to limit the impact.  
 
In the event of a budget issue and with the client’s authorisation, it is possible to install the 
openings in the wire fencing yourselves, as long as the above-mentioned instructions are re-
spected. Ideally, choose to install the openings at the same locations as hedgerows are 
planted, so they are as discreet as possible. 
This cost is just a few extra euros per m2 of fencing for the areas in question. 
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5.2. ACTION PLAN NO.2: LIGHT POLLUTION AT NIGHT 
Very often, the project specifications require the installation of lighting systems along fencing 
and within the site, along roads or around the main conversion facilities. The goal is to secure 
the site and enhance the anti-intrusion security system. It also allows the operational teams who 
work at night to get around the site safely. 
 
This lighting creates light pollution and the effects of this on biodiversity are increasingly well-
known and documented. The most well-known are the effects on lucifugous bats, who flee any 
light sources that ironically attract their prey. The effects of exhaustion for local songbirds can 
also be lethal as they take to singing all night long, confused by this artificial lighting. 
 

 
Figure 27: source stelvision.com: web image illustrating the impact of light pollution for various nocturnal 

species 
 
Here again, it’s necessary to find a compromise between the need to secure the site and the 
challenges of biodiversity. There are solutions: 
 

• Limit the lighting to operational buildings, key facilities and the entrance. Install pres-
ence sensors that will turn on the lighting only when needed. 

• Focus on the type of lights and the direction of the light emitted, to avoid emitting light 
into the sky unnecessarily. 

 

 
Figure 28: Orée, interactive guide for managing the environmental risks facing local authorities 

 
Très mauvais Very bad 
Mauvais Bad 
Bon Good 
Meilleur Best 
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• Choose infrared video surveillance tools that don’t require additional lighting. 
 
Substantial savings can be made by reducing or limiting light fixtures at a photovoltaic plant. 
 
Action plan no.17 of the PIESO guide addresses this topic. 

 
ER17 LIMITING AND ADAPTING LIGHTING 
TYPES OF MEASUREMENT 

E R 
MAIN GOAL 

Reduce the impact of lighting on the life cycle of nocturnal species. 
TARGET SPECIES  
FAVOURABLE PERIOD 

During the entire operational phase of the PV plant. 

Nocturnal fauna including birds, chiroptera and insects. 

EXPECTED OUTCOME 

Long-term application of this measure would guarantee minimal disturbance for lucifu-
gous chiroptera species. This measure can also benefit all fauna residing in the area. 
Light pollution can cause changes in the circadian rhythm of fauna (entomofauna, 
avifauna, mammals). 

GENERAL METHOD 

Lighting installations are not provided for in PV plants. However, this point is particularly 
important, and it should be highlighted because lighting in natural/semi-natural areas 
is very disturbing for nocturnal fauna. 

Most bats are lucifugous, especially horseshoe and mouse-eared bats. Insects (mainly 
microlepidoptera, the principal food source for chiroptera) attracted by the lighting 
are concentrated around these areas, causing a reduction in food sources locally for 
lucifugous species (generally the rarest and most sensitive species), for which the lit ar-
eas constitute inaccessible barriers. Indeed, despite the presence of ecological corri-
dors, a lit-up area will become abandoned by these species (barrier phenomenon). 
This light pollution disturbs the movement of sensitive species and can lead to an 
abandonment of the hunting zones for the species in question. 

Additionally, lighting attracts insects and so the non-lucifugous species such as the pip-
istrelle and serotine bat will be attracted to these areas for hunting, which will in turn 
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affect the availability of hunting ground for all local species. This is why any permanent 
lighting must be prohibited. 

 

If lighting is included in the project (e.g. for entrances, electrical facilities), temporary use 
is allowed, and the following conditions should be respected: 

> Timer or automatic trigger system (an eco-friendlier system, as well as helping save 
costs and improve security); 
> Low-pressure sodium lighting (halogen lighting is a powerful source and is more 
harmful to entomofauna, and therefore lucifugous chiroptera); 
> If LED lighting is chosen, be careful of the power and wavelength (some are highly 
attractive for insects), orange shades should be the preferred choice (590 nm); 
> Lights should be directed towards the ground, never upwards; 
> The light shade should cover the entire light, and be made using flat and glare-free 
protective glass (some examples of adapted materials are specified in the documen-
tation from the French National Association for the Protection of the Night Sky (ANPCN)); 
> Less than 5% of light emission should be above the horizontal level (see the following 
diagrams); 
> Do not light up surrounding vegetation, avoid directing it towards places of refuge, 
hunting ground and non-impacted corridors; 
> Avoid misty lighting, choose lights with focused beams (light direction); 
> The height of lighting should be less than 2 m. 

 

Diagrams of the different lighting methods.  

Source: ANPCN, 2003 
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BON Le plus efficace. 
- Dirige la lumière vers le bas et sur 

les côtés, là où c’est nécessaire. 
- Réduit l’éblouissement. 
- Eclaire plus uniformément, réduisant ainsi l’en-

vahissement de la lumière sur les propriétés voi-
sines. 

- Aide à préserver le ciel nocturne. 

GOOD The most effective. 
- Light is directed downwards and to 

the sides, only where necessary. 
- Reduces glare. 
- Lighting is more even, reducing light flooding 

onto neighbouring properties. 
Helps to preserve the night sky. 

MAUVAIS 
- Gaspille l’énergie vers le ciel. 
- Provoque l’éblouissement. 
- Fait intrusion sur le voisinage. 

BAD 
- Wastes energy into the sky. 
- Causes glare. 
Light invades neighbouring properties. 

TRÈS MAUVAIS 
- N’éclaire pas grand-chose à part le ventre des 
oiseaux ! 
- Génère plus de 50% de lumière éclairant 
inutilement le ciel. 

VERY BAD 
- Does not light up much besides the birds up 
above! 
Generates more than 50% of light unnecessarily illuminat-
ing the sky. 

 

MONITORING OF THE MEASURE 

> Project managers should make sure these recommendations are taken into con-
sideration when any additional features are added to the PV plant (fencing, lighting, 
etc.). 
> An environmental expert can inspect the lighting to make sure it does not create a 
disturbance for nocturnal fauna. 
 

SUCCESS INDICATOR 

Maintaining nocturnal fauna after construction of the PV plant. 

5.2.1. Estimated associated costs 

No or little extra cost to be expected except for the presence detectors which should be ne-
gotiated during initial consultations. 

5.3. ACTION PLAN NO.3: RIPARIAN WOODLAND 
AND HEDGEROWS, PROTECTION & REPLANTING 

5.3.1. Riparian woodland 

Riparian woodland is the strip of trees and plant life along the banks of a waterway. These trees 
and plants provide several ecological benefits, contributing to the quality of the aquatic envi-
ronment: 
 

• Shade that limits excessive heating of the water, 
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• Shade that limits eutrophication (abnormal growth of algae on the water when it is ex-
posed to too much light and heat), 

• Source of organic matter and food for aquatic fauna, 

• Nutrient intake and purification through the root system, 

• Areas of refuge for aquatic fauna (root system). 

 

 
 

Figure 29: illustration by Eric Rebmeister, Agence de l’Eau Rhin Meuse document 1994 
 

VEGETATION ABSENTE ABSENT VEGETATION 
Ne remplissant pas les rôles d’une ripisylve 
« idéale » 

Does not play the role of the ‘ideal’ riparian 
woodland 

Effet de couloir stimulant les connexions 
entre les différents milieux traversés 

Acts as a corridor, creating links between 
the different passed through environments 

Autoépuration par rapport au lit mineur Assimilative capacity at the flood stage 
Effet brise vent Windbreak effect 
Zone tampons/bassin versant piégeage 
d’éléments minéraux (nitrates et phos-
phates) 

Buffer zone/catchment area for mineral ele-
ments (nitrates and phosphates) 

Trame paysagère Landscaped environment 
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Rôle récréatif Recreational role 
Habitat diversifié pour la faune sauvage  Diverse habitat for wild fauna  
RIPISYLVE CORRECTE diversifiée au niveau 
des âges, strates, espèces, etc.  

CORRECT RIPARIAN WOODLAND which is di-
verse in terms of ages, layers, species, etc.  

Source de matière organique (débris li-
gneux) 

Source of organic matter (woody debris) 

Ombrage au niveau du cours d’eau limitant 
le réchauffement des eaux, contrôlant le 
développement des algues et des plantes 
aquatiques et régulant es populations ani-
males. 

Shade over the waterway, limiting the heat-
ing of the water, controlling the develop-
ment of algae and aquatic plants and reg-
ulating animal populations. 

Stabilisation, protection physique des berges 
par le système racinaire. 

Stabilising, physical protection of the banks 
by the root system. 

 
For the majority of photovoltaic projects that have a permanent water course crossing through, 
the conservation of riparian woodland is usually requested as part of the project’s environmen-
tal specifications. 

 
Figure 30: example of a PV plant in the Dominican Republic with preserved riparian woodland: 

source PV magazine drone image Soventix Monte Plata I project. 
Bouygues Energies & Services carried out Phase II in accordance with the same principle of preserving 

the riparian woodland 

‘Buffer’ strips, ranging from just a few metres to dozens of metres wide are 
usually proposed. Tree felling in these strips of land is prohibited. It is essential 
to verify that these areas are centred on the middle of the riverbed or from 
the edge of the banks. 

The main difficulty is that the riparian woodland may provide shade for the solar modules and 
therefore affect production to a greater or lesser extent. Falling branches or trunks can also 
damage the modules. Wherever possible, solar modules should not be installed under the trees, 
a buffer strip of 3 to 5 m minimum should be left (may vary, adapt according to the height of 
the trees). 

5.3.2. Estimated associated costs 

In the event that there is a permanent water course crossing through the site but there is no 
riparian woodland, and if the site is big enough to avoid the need to place modules in close 
proximity to the banks, then riparian vegetation can be planted and this would be a highly 
favourable initiative for biodiversity. 



 

 
 PHOTOVOLTAIC PROJECTS & BIODIVERSITY CONSERVATION | 03/08/2022 49 

 

To limit the cost of this operation, herbaceous plants or shrubs could be planted alongside the 
banks, instead of trees. This would limit any issues related to shade or falling branches on the 
modules. It is recommended to seek advice from an ecologist or local botanist when choosing 
which variety to plant. They will be able to select the most suitable endemic species. 
Examples of costs and planting methods are available on the websites for the water course 
planning associations in France and will obviously vary depending on the region and the coun-
try. Here, it is a question of a few euros per plant unit (helophyte) or several dozen euros for 10 
ml of replanted banks using shrubby hedgerows. 
To calculate the cost for this operation if the work is done separately, consider the equivalent 
of a team of 3 people including one driver, a mini excavator, a dump truck, shovels and pick-
axes, watering, which would represent between €750 and €1,000 per day in France. Expect 
double this amount in Japan or Australia, and half the amount in south-east Asia or the Carib-
bean.  
For an idea of the schedule, a team of 3-4 people should be able to replant a surface area of 
50 ml x 10 ml in width in one day. 

5.4. ACTION PLAN NO.4: MANAGING GREEN WASTE 
AND TIMBER 

In many cases, any work involving cutting down trees or clearing is not within 
the scope of the EPC. It is directly managed by the client and their sub-con-
tractors. Even in this case, there is nothing stopping us from suggesting 
measures or recommendations for the management and reuse of green 
waste and timber, as part of the project's biodiversity-friendly developments. 

There are numerous machines that can be used to transform green waste into shavings that 
can then be easily reused on the site to stabilise and protect the ground, and therefore avoid 
evacuating this waste at a landfill which can incur significant extra costs (see figure no.6, chap-
ter 2.2.3 and action plan no.5).  
 

 
Figure 31: image of a chipper, web source to be specified 

 
Small branches from certain species can be used straight from the tree to create fascines or 
weaving to protect embankments (forest engineering), the banks of waterways (plant-based 
engineering) or to fashion shelters or dwellings for small fauna: see action plan no.8. 
Except when the client already reuses the timber and leaves nothing on-site, it is possible to 
suggest keeping logs, large branches and trunks and storing them in various ways such as those 
presented below, which would be very favourable for small fauna on-site. 
Some savings can therefore be made.  
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Figure 32: examples of how wood can be stored in a way that benefits biodiversity, 
 images from a web source 

 
Precautions should be taken to make sure the piles of wood are secure and stable, and the 
location should be chosen carefully: alongside fencing, in areas far from the solar modules, 
etc. These piles of wood could even add to or replace hedgerows in certain places. 
To reduce costs and the time spent piling up the logs, it is also possible, depending on the 
available space, to create wild storage zones like this one below on the Bouygues Energies & 
Services Suntop worksite in Australia, which shows the benefit of these areas for local wildlife. 
 

 
 

Figure 33: storage area for logs on the Bouygues Energies & Services Suntop project site 
 in Australia, 2021. 
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5.4.1. Estimated associated costs 

Variable depending on the cost of local labour and companies. You’ll need somewhere be-
tween €200 for a small pile of 1 m3 and €1,500 for a pile measuring 10 m in length and 1 m high, 
depending on the mechanical means used to pile up the trunks. To be compared with the 
transport costs of evacuating the wood. 

5.5. ACTION PLAN NO.5: MANAGING 
CONTAMINATED SOILS 

A distinction is made here between two types of contaminated soil: soil that 
has been polluted by chemical and/or organic matter that is often toxic, and 
soil that has been contaminated by undesirable invasive vegetation (seeds 
and root systems). 

 
Those in charge of excavation work are usually aware of the risk of handling contaminated soil, 
but depending on the region, the regulation can vary in severity, especially for the second 
category of contamination.  

5.5.1. Managing soil that has been polluted by chemical or 
organic contaminants  

The projects affected by this issue would be solar plants located on former industrial wasteland, 
military land or a landfill site. In most countries, these activities will usually be identified during 
any assessments carried out prior to obtaining the building permit. 
A specific procedure must be drawn up, describing the operating procedures for excavation, 
evacuation and processing contaminated soil. 
Bioremediation can be suggested or planned in order to decontaminate soils, as long as this 
process is relevant and feasible (not always compatible with the work schedule if access to 
the site depends on the results of decontaminating these soils). 
 
In most cases where projects are located on former landfill sites or areas where ore or mining 
waste were once stored, measures are taken to limit the risk of contamination of groundwater 
tables and/or nearby aquatic environments through infiltration and/or surface water run-off 
(shallow or superficial foundations, suitable drainage plan). 

5.5.2. Managing soil that has been polluted by undesirable 
vegetation 

An analysis of the botanical lists on the impact assessment by a botanist would identify the 
presence or risk of presence of invasive and undesirable plants in the project zone. 

Great care must be taken when a project requires bringing soil in from an 
external source or exporting excavated material. Using construction machin-
ery and other vehicles can contaminate the environment. The biological 
contamination risk may seem less serious or less important than the risk of 
chemical contamination of soil, but the impact on biodiversity of the prolifer-
ation of an undesirable invasive species can often be catastrophic. 
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To gain a better understanding of this issue, the project manager can read this well-illustrated 
guide, although it is only really valid for France or western Europe. 
 

 
 

Guide d’identification et de gestion des Es-
pèces Végétales Exotiques Envahissantes sur 

les chantiers de Travaux Publics 

Guide to identify and manage Invasive Al-
ien Plant Species on Public Works sites 

 
 
The most well-known examples in France are Japanese knotweed, annual ragweed, poke-
weed, Buddleja (butterfly bush) and giant hogweed. 
 

 
 

Figure 34: Examples of undesirable invasive plants: Japanese knotweed (left-hand photo), 
Buddleja (right-hand side), images from a web source 
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These species usually grow much faster than local species, and can reproduce from simply 
cutting or layering (mechanical shearing will generate numerous cuttings which will then pro-
duce new plants), with a very deep root system that prevents them from being completely 
destroyed, unless huge volumes of earth are excavated and the roots are sifted. They do not 
generally have any natural predators, which therefore limits any control over their growth. 
These species will very quickly cover the entire surface area on the ground and will prevent 
other plants from growing (competing for light and nutrients). This then leads to a drastic re-
duction in local plant diversity and has consequences for local fauna. 
 

The person in charge of the construction work will need to have a botanist or 
local ecologist confirm the absence of undesirable invasive species on the 
botanical list in the impact assessment, ideally with a follow-up visit to the site 
when the work begins: depending on the period of the investigations, some 
species might not feature on the initial inventories. 

The PIESO guide from ECO-MED/ Quadran addresses this topic in a specific action plan. 
 

ER9 PRESERVATION OF NATIVE LOCAL PLANT 
LIFE 

TYPES OF MEASUREMENT 

E R 
MAIN GOAL 
Limit the installation or propagation of invasive alien species. 
 
TARGET SPECIES 
Natural habitats and flora. 
 
FAVOURABLE PERIOD 
Depending on the work schedule. 
 
EXPECTED OUTCOME 
The presence of native plant life at the PV plant. 
 
GENERAL METHOD 
When building and decommissioning a PV plant, species can be introduced, whether volun-
tarily or not, especially in sectors with a high number of transiting vehicles passing through. This 
issue must therefore be monitored, as early as the construction phase. If such species appear 
in natural habitats, targeted management measures are recommended. 
The main plant species considered to be invasive in the continental Mediterranean area are 
listed on the website www.invmed.fr. 
In France, there are numerous initiatives in place to prevent the spread of invasive alien spe-
cies, especially in areas where these species could pose a threat, or along corridors where 
plant populations tend to be moved (alongside railroad tracks, along waterways, etc.). In this 

http://www.invmed.fr/
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context, any actions implemented as part of the PV plant project to manage these species 
are perfectly in line with the efforts made on a national scale. 
 
MONITORING OF THE MEASURE 
Invasive alien species must be monitored as soon as construction work begins, and until this 
work is completed. 
 
SUCCESS INDICATORS 
Conservation of local plant life and the absence of alien species. 
 

5.5.3. Estimated associated costs 

Impossible to estimate a general cost, this must be assessed on a case-by-case basis, depend-
ing on the project and the country, but this cost could be significant, either to evacuate (ac-
cording to approved collection centre prices and volume: €100 to €800/tonne depending on 
pollution) and waste processing, or to remove it during the O&M phase (several thousand 
€/year). 
 
Generally, exporting excavated earth outside of the worksite is avoided (except when there is 
full traceability up to the approved landfill site), and instead this earth is reused on-site, in an 
effort to both optimise costs and limit the risk of contaminating soils. 
 
 
 

5.6. ACTION PLAN NO.6: MANAGING AND 
MAINTAINING VEGETATION ON-SITE 

At some areas at the solar plant and around certain electrical facilities, the 
presence of vegetation is either not planned or not compatible, due to ac-
cess, maintenance, performance and mainly security issues. 

This is the case for most worksites, especially in tropical areas:  Once the work is completed, 
nature very quickly grows back (after a few weeks or a few months) and will sometimes grow 
in areas where this is not ideal. However, the species growing back do not always have the 
same ecological value as the original vegetation. Often they are pioneer species or wasteland 
species that grow quickly with low diversity. 
 
Here are some examples from our worksites overseas, to illustrate this issue. 
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Figure 35: examples of undesirable vegetation creating shade for solar panels 
 
 

5.6.1. Avoid shade over modules and ensure facilities remain 
accessible 

When vegetation starts growing back between rows of modules, underneath the tables or 
alongside access roads on-site, make sure these plants do not create a shade over the mod-
ules. This unwanted shade can cause HOT SPOTS which means that the shaded cells overheat, 
which in turn damages the modules and affects the performance of the entire row of modules. 

The operational teams on-site should therefore regularly check the absence 
of shade due to vegetation growing over the solar panels. 
This vegetation should preventively and systematically be sheared mechan-
ically and/or removed manually to prevent any issues.  
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Figure 36: Mowing vegetation mechanically, Bouygues Energies & Services projects in Thailand 

 
Other more natural means of maintaining vegetation are also increasingly being chosen, such 
as making the site available to a farmer and his sheep. Goats are to be avoided as they are 
likely to climb up onto the modules.  
Numerous studies have illustrated the shared benefits for the site and for the animals of these 
biodiversity-friendly practices compared to automated human actions. 
 

 
 

1, 2, 3: Example of a sheep grazing area currently provided on a PV plant site. ©ECO-MED 
J. VOLANT, 10/05/2017, 
Le Castellet (13) 

 
In making these areas available for local farmers to grow adapted plant life, we are seeing the 
emergence of other solutions for managing the areas between the rows of modules (agrivolta-
ics). 
Nothing is stopping the client and O&M teams from discussing sustainable or eco-friendly meth-
ods of maintenance (with recommendations from an ecologist to define a zoning plan and a 
schedule) to maintain herbaceous vegetation and flowers that benefit biodiversity as long as 
possible and in the areas where this is feasible. These practices should also allow for cost sav-
ings in terms of maintenance. 
As always, it is a question of finding the best compromise between the security on the site and 
facilities and biodiversity. 
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Figure 37: example of delayed mowing between rows of solar modules. 

source: Générale du Solaire, website. 

5.6.2. Avoid intrusions / blockages in ventilation equipment  

Electrical equipment: here a transformer substation (inverter + transformer + MV switchgear), 
can be very quickly covered in climbing plants or creepers such as ivy, bindweed, vines or a 
local equivalent. This problem can be experienced very quickly in inter-tropical or tropical ar-
eas with vegetation that grows at a very fast rate. This is an issue because it partially or totally 
blocks off ventilation or cooling systems, which can then lead to malfunctions or equipment 
that does not work as effectively as usual. We can also imagine that this vegetation would 
make it easier for insects, lizards or other small animals to enter inside the equipment, presenting 
an increased risk of short-circuits and malfunctions. 
The photo below illustrates another problem encountered on-site:  

 
Figure 38: Inverter substation inside a container overrun by climbing plants after just a few weeks, 

BIM2 project, Vietnam 

In this case, the most suitable solution would be to remove the plants manually and monitor 
the area on a weekly basis. 

5.6.3. Prohibition of using chemical weedkillers 

The use of phytosanitary products or chemical weedkillers as part of con-
struction and operations/maintenance works should absolutely be avoided 
because the selectivity of active substances is often insufficient and so this is 
not compatible with biodiversity conservation. 
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The PIESO guide from ECO-MED/ Quadran also addresses this topic in one of the specific action 
plans. 
 

ER14 NOT USING PHYTOSANITARY TREAT-
MENTS 

TYPES OF MEASUREMENT 

E R 
MAIN GOAL 
Avoid polluting natural habitats. 
 
TARGET SPECIES 
Habitats, fauna and flora. 
 
FAVOURABLE PERIOD 
During the construction work and the operational phase. 
 
EXPECTED OUTCOME 
Maintain local plant life and avoid any pollution through the use of chemicals. 
 
GENERAL METHOD 
No phytosanitary products should be used within the PV plant, neither for maintenance of veg-
etation nor for cleaning panels (if necessary). This is essential to avoid any incidents related to 
water pollution, high mortality rates of numerous invertebrates and the repercussions this might 
have on upper tropic levels (amphibians, reptiles, birds, and mammals including chiroptera). 
In the event that vegetation needs to be either maintained or sheared, brushing should be the 
chosen method (see document ER15 ‘Ensuring eco-friendly maintenance of the PV plant’). 
 
MONITORING OF THE MEASURE 
The project managers should make sure the above-mentioned recommendations are re-
spected, both during the construction and decommissioning phases and in the operational 
phase. 
 
SUCCESS INDICATORS 
> Maintenance of good plant diversity. 
> Absence of bare ground. 
> Presence of invertebrates (orthoptera, butterflies, etc.). 

5.6.4. Estimated associated costs 

The cost of standard maintenance of vegetation can vary depending on the project, country, 
degree of mechanisation and cost of local labour. 
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Opting for selective or sensible mowing which would mean reducing mowed areas and mow-
ing less frequently, would logically lead to substantial savings in the O&M budget. 
However, increasing manual uprooting of climbing plants can involve an added cost for the 
specific O&M budget: variable and depending on the cost of local labour and the required 
frequency (once a week, once a month). 
To help lower costs, it could be an idea to work in partnership with associations working to help 
young people get back into the job market, or educational initiatives with local schools to raise 
awareness of these issues. 
 

5.7. ACTION PLAN NO.7: CREATION/DEVELOPMENT 
OF PONDS 

 

Temporary or permanent ponds act as reserves for biodiversity. Preserving 
these existing areas on a worksite or creating them as a compensatory meas-
ure are examples of simple actions that can improve biodiversity on-site. 

In the following example, the pond has obviously been placed at the outlet of an existing thal-
weg just outside the site. It would probably be filled with rainwater during rainy periods. The 
fencing has been placed around it to stop the sheep used to maintain the site from accessing 
the pond. 
 

 
Figure 39: source: Générale du Solaire, solar plant at ground level in the hamlet of Papayet, Boulogne 

sur Gesse in Haute-Garonne (31) 

 

There are numerous examples and a guide for designing/creating ponds in the bibliography 
(ONF, LPO). The following action plan was extracted from the PIESO report. 
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C9 CREATING PONDS TO ENCOURAGE 
AMPHIBIAN BREEDING 

TYPES OF MEASUREMENT 

CA 
MAIN GOAL 

Create breeding zones that are attractive for local amphibian species. 
 
TARGET SPECIES 
Amphibians. 
 
FAVOURABLE PERIOD 
Autumn. 
 
FAVOURABLE PERIOD 
Autumn. 
 
EXPECTED OUTCOME 
Amphibians reproduce within the compensation plots. 
 

GENERAL METHOD 

Natural or artificial ponds have numerous ecological benefits which are now well-
known. Ponds are often only associated with their batrachology, but this is wrong be-
cause they often present advantages that overlap with other biological compart-
ments. 

As well as their role as a breeding, egg-laying and larvae development ground for 
amphibians, they also provide a water source for all wild fauna, especially for birds, 
reptiles and chiroptera. They can therefore be good helpers for wildlife crops. 

However, it can be quite a complex task to create a pond with regards the substrate, 
slope and desired objectives. It is also necessary to take into consideration the fact 
that a pond can gradually fill up over time due to decomposing vegetation (hydro-
phytes) and the development of helophytes. Maintenance work must be carried out 
every 2 to 3 years to safeguard the ecological interest of the pond. 

When deciding upon the location, some elements to consider are the amount of wa-
ter that would be necessary and the presence of amphibian species already taking 
refuge in the area, or to be close to other developments or habitats with favourable 
conditions for amphibians. 
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In the management plans, the number of ponds will be determined (to make up a 
network of breeding zones) as well as the exact location of them, and whether other 
ponds could be created. They will respect the following technical characteristics: 

 

Dimensions: Approximately 10 m by 5 m 

Depth: From 0.5 m to 1 m 

Slope: The slope should be a gentle one so that amphibians can easily access the 
pond. It should be variable, between 15% and 25% around the edges of each pond. 
Special attention must be paid to invasive species. 

Illustration of a permanent pond. 

Source: Illustration by Matthieu Courcoux. 
‘Eco-friendly development of water quar-
ries  

- Practical Guide’ - UNPG Charter - Eco-
sphere - 2002. 
Water supply and sealing: 

These ponds can get their water supply 
from rainfall, to ensure a completely natural process. However, if possible, they could 
be directly connected to a nearby water source. They should be sealed using either 
sheeting at the bottom or biodegradable geotextile around the edges, or by depos-
iting a layer of clay (approximately 10-20 cm). It should be noted however, that using 
clay substrate in the Mediterranean could be an issue. When the water evaporates, 
the layer of clay can experience intense dryness and crack, therefore breaking the 
seal when it rains again in late summer or autumn. Both types of ponds could therefore 
be created to test the best solutions and then make any technical adjustments if nec-
essary. 

Additional developments: Small rocks can be placed around and inside the ponds, 
providing hiding places for amphibians and some species of reptile. 

Work to be done: 

> Dig a hole to a depth of between 50 and 80 cm, either with a mechanical machine 
or manually. Work should be done manually wherever possible; 
> Ensure the pond substrate is completely sealed (plastic sheeting, a layer of clay); 
> Place rough items at the bottom of the pond and around it, to be used as shelters; 
> The ponds created should be maintained every 3 years (raking the surface of the 
water if it is invaded with algae and mastic tree, cutting back helophytes if they have 
become invasive, dredging the pond if the water is swamped with organic matter). 
 

Schedule of work: 

> The preferred period to create ponds is just before periods of heavy rainfall, so in 
the autumn for the Mediterranean; 
> Any maintenance should be done in dry periods for temporary ponds or at the end 
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of the summer (August-September) when most species have completed their biolog-
ical cycle. 
>  
These embankments will need to be maintained over a period of 25 years. 

 

ACTIONS ACTIONS 
Creusement de la mare Digging out the pond 
Assurer l’étanchéité su Substrat Waterproofing the substrate 
Déposer des éléments grossiers Placing rough items 
Entretien des mares Maintaining ponds 

 
 
MONITORING OF THE MEASURE 
Introduction of monitoring amphibians in ponds. 
 
SUCCESS INDICATORS 
> Presence of pioneer amphibians (flagship species: common parsley frog), as well 
as other amphibians that are local to the area in question. 
> Density of populations. 
 
 

5.7.1. Estimated associated costs 

 
Variable depending on the size of the pond and especially, the chosen method of sealing. 
A team of 3 people, including a driver, a mini excavator for excavation work and for moving 
earth and large rocks. 1 day’s work approximately per pond. 
 
Estimated budget to create a 15 m² pond with a depth of 50 cm at the centre: €1,500-€2,500 
maximum when using clay sealing, add €1,000 for HDPE membrane (not necessarily recom-
mended unless water retention is imperative or if the ground is particularly permeable). 
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5.8. ACTION PLAN NO.8: CREATION/DEVELOPMENT 
OF SHELTERS FOR SMALL FAUNA 

Building shelters for small fauna is a great opportunity to reuse any natural 
waste from the worksite (wood and stone). Do not use contaminated waste 
or contaminants which should be collected, stored and evacuated to an ap-
proved landfill site for proper treatment. 

Put simply, this is about recreating habitats using natural materials, in various pertinent areas 
around the site, which will encourage the recolonisation of the site by land animals such as 
reptiles, amphibians, insects, arthropods, birds or other small mammals. 
 
The following examples may be interesting and based on a good idea and good intentions, 
but the result resembles a visual showroom that is designed to please visitors or local authorities. 
The actual ecological effectiveness of these initiatives will need to be assessed. 

 

 
Figure 40: source: Générale du Solaire, solar plant at ground level in the hamlet of Papayet, Boulogne 

sur Gesse in Haute-Garonne (31) 

• For the piles of stones, the main drawback is related to the type of stones used. Here 
they appear to be from the local quarry, very white, very clean and all of the same size. 
Setting up these piles of stones in an isolated island does not seem to be necessarily 
very relevant. It would be better for them to be close to other habitats such as hedge-
rows or trees, to make them look more ‘natural’, or less ‘man-made’. 

• For the pile of wood shown above, the only drawback is the location, which seems to 
have been chosen so that the general public can see it, rather than blending it into the 
site to make it truly effective. 

 
In the following action plan, taken from the PIESO report from ECO-MED and Quadran, the 
proposed initiatives seem to be more rustic and better blended into the site. 
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C8 CREATION OF SHELTERS FOR HERPE-
TOFAUNA 

TYPES OF MEASUREMENT 

CA 
MAIN GOAL 
Promote and/or maintain local herpetological species 
 
TARGET SPECIES 
Herpetofauna (reptiles, amphibians in land mode). 
 
FAVOURABLE PERIOD 
Preferably in winter or autumn. 
 
EXPECTED OUTCOME 
Promote the maintenance of local herpetological species by setting up a network of shelters, 
essential for maintaining the life cycle of reptiles and amphibians during their land life cycle. 
 
GENERAL METHOD 
Before setting up these shelters, find out about the local herpetological species already present 
in order to define the required number of shelters. This measure will not be relevant if there are 
already numerous shelters in the natural environment. 
There can be several specific goals to these shelters. For example, to link the different areas of 
the site with a temporary network of shelters, to colonise quiet zones within the herpetofauna 
site, etc. 
 
Preparing the initiative: 
This phase involves purchasing the materials and preparing delivery. For each shelter, you’ll 
need the following: 

- 10 kg of sand; 
- 4 to 6 rounded tiles; 
- Between 100 and 200 kg of rocks. 

The rocks should be moveable by hand to build the shelter, but big enough to create gaps 
between the blocks. Ideally these rocks should be gathered on-site if there is a large quantity. 
Otherwise, they should be collected from a quarry (for building materials). Quarries with these 
types of materials should be targeted and a dump truck used for collection. 
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EXAMPLES 

1 : Shelter created by ECO-MED. ©ECO-MED J. JALABERT, 03/04/2017, Roquefort des Cor-
bières (11) 

2 : Example of a drystone wall that is very attractive for reptiles. This is a well-exposed 
shelter that benefits from the heat from the sun, and there are plenty of food sources 
nearby. 
©ECO-MED J. JALABERT, 20/05/2013, Fleury (11) 

3 : Example of a favourable egg-laying site for garter snakes (ECO-MED). 
©ECO-MED J. JALABERT, 07/08/2012, Lescheroux (01) 

4 : Example of a shelter created on a compensatory plot. 
©ECO-MED J. JALABERT, 27/01/2016, Villeneuve-de-la-Raho (66) 
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5.8.1. Estimated associated costs 

The idea is to reuse stones found on-site during levelling and excavation operations. In this case, 
the only cost is the labour for building the piles of stones or drystone walls. A team of 3 people, 
including a driver, a mini excavator and a dump truck: Approximately 1 day for 30 m² stone-
work or low wall. 

5.9. ACTION PLAN NO.9: SETTING UP NESTING BOXES 
FOR BIRDS 

This is one of the most well-known compensatory measures for biodiversity. 
However, the choice and location of the nesting boxes are essential to be 
sure that birds will use them 

The PIESO guide from ECO-MED and Quadran includes a detailed action plan on the topic. 
 

c7 SETTING UP NESTING BOXES FOR 

AVIFAUNA 
TYPES OF MEASUREMENT 

CA 
 

MAIN GOAL 

Offset loss of habitats for species and create replacement habitats. 
 
TARGET SPECIES 
Cavity-nesting avifauna. 
 
FAVOURABLE PERIOD 
Autumn or early winter. 
 
EXPECTED OUTCOME 
Promote the maintenance of local cavity-nesting avifauna by installing nesting boxes that are 
essential for the life cycle of these species. 
 
GENERAL METHOD 
The fact that natural and anthropogenic cavities are becoming increasingly rare (hollow trees, 
holes and cracks in buildings, old walls or under roofs, etc.) is having a significant effect on the 
reproduction of cavity-nesting birds. To offset this problem and contribute to protecting these 
birds, specific nesting boxes can be placed in or around the study area. Artificial nesting boxes 
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can compensate for the fact that nature no longer has enough of these places to offer. How-
ever, nesting boxes should not be installed without assessing the situation first. Ideally, the avail-
ability of natural and anthropogenic cavities should be assessed in the area in question first, 
before considering installing man-made nesting boxes. 
The number, type of nesting boxes and location (in habitats that are optimal for nesting for the 
species) will vary in each case. 
 
Favourable period: 
It is best to set up the nesting boxes in autumn or at the beginning of winter, so the birds have 
time to discover them before spring. Some species may use them very early (from the end of 
winter) and others may even spend the winter in them. The nesting boxes can be set up as late 
as April or even early May because some species return late from their migration period (end 
of May). It could take up to a year after setting up a nesting box, for it to be used. However, if 
a nesting box is still not used after a period of two years, this means that the location is not 
optimal. It is therefore recommended to move it to another location. 
 

Building the shelter: 

Wood is the best material to build a nesting box that will be naturally resistant to humidity and 
bad weather. 
The chosen location should be quiet, far from a busy road or path. Above all, it is important to 
set up the nesting box in a place that is as sheltered as possible from bad weather, avoiding 
damp locations (look out for moss on tree trunks or rocks, which is an unfavourable indicator). 
The nesting box should never be fully exposed to sunlight or in complete shade. The entrance 
to the nesting box should be positioned to make sure chicks are sheltered from prevailing winds 
and rain, as well as from intense sunlight. It is advised to set up the nesting box on a slight tilt so 
that rain doesn't get through the entrance too easily. In order to do this, you’ll need to slightly 
incline the nesting box so that the bottom of it is touching the surface underneath, and then 
use a piece of wood at the top to wedge the nesting box in this position. It is also possible to 
make small holes in the bottom of the box so that any rainwater can be evacuated easily. 
The nesting box is usually set up around 2 m to 8 m off the ground. It should be attached to a 
sturdy and stable support, using one or more fixings that will not rust or deteriorate over time 
(galvanised wire, insulated electrical wire, nylon cord, etc.). If the nesting box is attached to a 
tree, it is important to avoid any damage to the tree when attaching it, preferably using rubber, 
nylon cord or by using wooden blocks between the nesting box and the trunk. 
 

Different examples of attaching it 
to a tree.  

Source: nichoirs.net 

 
 
 
 
 
 
 
It is important to set up the nesting box away from any predators (cats, squirrels, etc.). Therefore, 
it could be an idea to install wide mesh fencing around the nesting box, put thorny branches 
at the base of the post or tree, plant a rose bush, or a specific ‘anti-cat’ device around the 
trunk. This device should be placed at least two metres off the ground. Predators should be 
prevented from getting too close thanks to a well-positioned branch or nearby wall. However, 
nearby perches are essential because the parents do not generally enter the nesting boxes 
directly. A circular piece of metal around the entrance will prevent woodpeckers and rodents 
from widening the entrance to either destroy the brood or take over the nesting box. 
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Most birds will defend their territory from intruders of the same species. It is therefore not neces-
sary, and even harmful, to set up too many nesting boxes for the same species (same type, 
same entrance diameter). It is also a good idea to respect the minimal distances between 
nesting boxes. Nesting boxes for different species should be placed at least 3 m apart. Those 
designed for the same species should be placed at least 15 m apart. For species that nest in 
colonies (sparrows, starlings, swallows, etc.), this minimum distance does not apply. 
Besides the general recommendations, it is very important to respect the requirements for each 
species in terms of nesting box dimensions (entrance, cavity, height, etc.), the height off the 
ground and in terms of habitat. This means specific species can be targeted and therefore 
increases the likelihood that the installed nesting boxes will be used. 
 

MONITORING OF THE MEASURE 
During the reproduction period for birds (generally from March to July), it is important to limit 
visits to the installed nesting boxes. It is recommended to use binoculars to watch the parents 
and their offspring from a distance, without disturbing them. 
Around the end of the reproduction season, generally between mid-September and mid-Oc-
tober, the nesting boxes should be taken down, cleaned and treated with pest control prod-
ucts (thyme or wild thyme essence, pyrethrin, Cuprinol, creosote) because old nests can serve 
as a refuge for parasites that may survive and contaminate the following year’s nest. Nesting 
boxes can sometimes harbour germs that can cause illnesses for humans, as well as colonies 
of lice, ticks, fleas and other arthropods that can survive for a long time without their hosts, 
awaiting the arrival of a newcomer to take refuge in its feathers. There could still be clear eggs 
or dead chicks in the nest, even if the brood was successful. The nesting box should be emptied 
of all of this. Then, after putting the nesting box back, it is recommended to cover the bottom 
with a little straw (shavings, sawdust, flax straw, peat, etc.) to prepare for the next reproduction 
season. Finally, make sure you check it is correctly attached. 
 
SUCCESS INDICATOR 

Target species use the nesting boxes and successfully reproduce (fledglings). 

5.9.1. Estimated associated costs 

It is very important to install nesting boxes with suitably sized entrances (26 mm & 32 mm) for 
the different targeted species of bird, to ensure efficiency. 
 
The price of a bird nesting box made from wood will vary depending on the country: a reason-
able budget for a good-quality nesting box is around a few dozen euros (avoid the overly 
commercial versions from supermarkets). Nesting boxes can also be made at an affordable 
price by local schools, during specific workshops or as part of their practical work. 
Maximum budget, including installation (and mounting accessories) of €100 per nesting box, 
except when a nacelle needs to be used to install them at a great height (see local price for 
nacelle hire). 
 
The number of man-made nesting boxes to install should be decided upon with a specialist, 
depending on the number of natural nesting boxes already in the vicinity. 
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5.10. ACTION PLAN NO.10: INSTALLING A SHELTER 
FOR BATS 

This offset measure is less well-known than bird nesting boxes, but the same 
requirements apply. The choice and location of the shelters are essential in 
guaranteeing chiroptera use them. 

 
Along the same lines as the idea of creating nesting boxes for birds, shelters for chiroptera are 
now being suggested for our worksites increasingly often. The recommendations are similar to 
those issued for bird nesting boxes, and the choice of location is a key success factor here too. 
 

 
Figure 41: example of bat nesting boxes installed at a substation, 

floating PV worksite in St Maurice de la Clouère, 
 Bouygues Energies & Services for SERGIES, September 2020. 

Just like birds, there are several species of bats with different habits and of different sizes, not-
to-mention the local characteristics in certain countries. It is therefore necessary to call on an 
expert to validate the type of shelter best suited to the project site, or to go and see other 
shelters before considering building them yourself with reused materials such as brick, breeze 
blocks or pallets. 
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Figure 42: examples of nesting boxes for bats: web source. 

Mise en ligne du guide technique pour la 
construction d’abris pour chauves-souris 

Online technical guide for the construction 
of bat shelters 

Depuis les années 1980, des nichoirs pour 
chauves-souris de grande taille sont mis en 
place aux Etats-Unis. Un guide présentant les 
résultats obtenus et les techniques utilisées a 
été édité en 2013.  

In the 1980s in the United States, nesting 
boxes for large bats were installed. A guide 
presenting the results obtained and the tech-
niques used was published in 2013.  

Une traduction en français de ce document 
viens d’être réalisée par une quinzaine de 
bénévoles ayant répondu à un appel du 
Groupe Mammalogique Breton.  

This document has recently been translated 
into French by around fifteen volunteers who 
responded to an appeal from the Groupe 
Mammalogique Breton.  

Dans les prochaines semaines, le GMB va 
constituer un groupe de travail pour réaliser 
au moins deux nichoirs en Haute et Basse-
Bretagne. 

In the coming weeks, the GMB will form a 
working group to make at least two nesting 
boxes in Haute and Basse-Bretagne. 

Si vous souhaitez participer à ces construc-
tions, merci de nous le signaler. 

If you would like to participate in this initiative, 
please let us know. 

Si d’autres projets émergent en Bretagne his-
torique ou ailleurs, nous serions très intéressés 
d’avoir un retour sur les techniques utilisées et 
les résultats.  

If there are other projects like this in Brittany 
or elsewhere, we would be very interested in 
feedback concerning the techniques used 
and the outcomes.  

Le document est téléchargeable sur le site 
du GMB :  

The document is available to download on 
the GMB website:  

Josselin BOIREAU – Groupe Mammologique 
Breton 

Josselin Boireau – Groupe Mammologique 
Breton 

 

5.10.1. Estimated associated costs 

The price of a chiroptera nesting box made from wood will vary depending on the country: a 
reasonable budget for a good-quality nesting box is around a few dozen euros (avoid the 
overly commercial versions from supermarkets). Nesting boxes can also be made at an afford-
able price by local schools, during specific workshops or as part of their practical work. 
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Maximum budget, including installation (and mounting accessories) of approximately €100 
maximum per nesting box, except when a nacelle needs to be used to install them at a great 
height (see local price for nacelle hire). 
 
The number of man-made nesting boxes to install should be decided upon with a specialist, 
depending on the number of natural nesting boxes already in the vicinity. 
 

5.11. ACTION PLAN NO.11: BEES AND 
PHOTOVOLTAIC 

The bee is a symbol of biodiversity and is renowned as one of the most active 
and most efficient species in terms of pollination, with a significant impact on 
the productivity of certain agricultural practices (fruit trees for example).  
According to the French National Institute of Agricultural Research (INRA), 
35% of our food, 84% of species cultivated in Europe and 80% of wild species 
are dependent on bee pollination. This illustrates the importance of their role 
in safeguarding our biodiversity, from cross-breeding plant species to pre-
serving natural vegetation. 
Initiatives related to installing beehives and getting beekeepers involved in 
photovoltaic plant sites are encouraged, as part of the effort to mitigate the 
disappearance of bees. 

 
Any planting and sustainable mowing of flowering plants within the photovoltaic plant will ben-
efit the safeguarding of bee populations, pollination and therefore biodiversity. 
 

 
Figure 43: source PV magazine: https://www.pv-magazine-australia.com/2021/10/20/solar-farms-prove-

to-bee-hives-of-economic-activity/. Second photo from a Soltec 
Webinar Ecovoltaica presentation: safe beekeeping 

This could seem surprising, but bees and photovoltaic panels are a good combination accord-
ing to two studies (source: https://www.revolution-energetique.com/pourquoi-les-centrales-so-
laires-sont-un-paradis-pour-les-abeilles) 
The most recent study was conducted by British universities Lancaster and Reading, who ana-
lysed the benefits of installing beehives in solar power plants. The findings from these studies 
were impressive: in England, all the fields in a radius of 1,500 m around the power plants with 
beehives saw their profit increase by 80 million pounds (around 95 million euros) each year. 
Their yield was in fact increased thanks to pollination, which was boosted by the increase in 
the number of bees. 
These findings were also supported by a second study published by American research insti-
tute, Argonne National Laboratory. This laboratory, attached to the federal department for the 
environment, estimates that the presence of honey-producing plants around photovoltaic 

https://www.untoitpourlesabeilles.fr/blog/tag/dossier-abeilles-inra/
https://www.pv-magazine-australia.com/2021/10/20/solar-farms-prove-to-bee-hives-of-economic-activity/
https://www.pv-magazine-australia.com/2021/10/20/solar-farms-prove-to-bee-hives-of-economic-activity/
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plants could increase soy, almond and cranberry crops by 0.2 to 1.75 million dollars (0.17 to 
1.51 million euros). 
In France, Engie allows beekeepers to use some of their sites in the Provence-Alpes-Côte-d’Azur 
region for example. Quadran, Akuo Energy and Urbasolar, among others, also encourage this 
sort of partnership. 

5.11.1. Estimated associated costs 

The installation cost is rather insignificant, most of the cost (capex and opex) is covered by the 
beekeepers themselves. 
The only issues to take into consideration are:  
 

• Validate access conditions for the beekeeper on-site and make them aware of any 
electrical risks to avoid any problems. 

• Validate the location of the beehives at the beginning of the project to avoid any 
safety issues for maintenance employees. 

 
In some countries, certain colonies of bees can temporarily and spontaneously settle in the 
plant facilities. In the event of threat or risk to the operators, specialised companies, the fire 
brigade or beekeepers can be called upon to manage the situation. Pesticides must never be 
used by the solar plant operators, under any circumstances, and they must keep well away 
from the insects. 
 

 
Figure 44: swarm of wild bees spontaneously colonising a PV module on a Bouygues Energies & Services 

project in Australia 
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5.12. ACTION PLAN NO.12: FLOATING PV, CREATING 
UNDERWATER SHELTERS FOR AQUATIC FAUNA 

More and more floating power plants are being developed on man-made 
bodies of water, at former quarries and hydroelectric dams. These large, 
open bodies of water often present a deficit in terms of diversity in aquatic 
environments. It is possible to create structures underneath floating power 
plants to encourage biodiversity in these bodies of water. 

The PV modules are installed onto floats and the power plant is fixed either to the bottom of 
the lake or pond, or to the banks. 
 

 
Figure 45: examples of floating PV plants: France with Akuo floats on the left, 

Holland with the Zimmerman Baywa system on the right (project already equipped with Biohut devices 
for biodiversity from Ecocéan) 

Advocates for this type of project highlight the positive effects for the quality of the lake or 
pond, related to mitigating evaporation, higher water temperatures, extreme eutrophication, 
proliferation of algae and aquatic vegetation. 
 
As always, the impact assessment will depend on the initial situation at the lake and the feasi-
bility to integrate these floating PV structures. The construction duration and period will have a 
significant impact on avifauna if the lake or pond is on their migratory route or is their chosen 
refuge for breeding or nutrition. 
 
 

 
Figure 46: extract of the AKUO presentation on the Piolenc Omega 1 project carried out by Bouygues 

Energies & Services France 
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Résultats :  Outcome:  
Observation de 59 espèces d’oiseaux 
dont 29 nicheuses 

59 species of birds observed, including 
29 nesting species 

Développement naturel de la végéta-
tion riveraine et terrestre qui accueillent 
une diversité de plus en plus riche (rose-
lières, friches, boisements de recon-
quête, ripisylves) 

Natural development of riverside and 
land vegetation with an increasingly 
rich diversity (reeds, wild plants, recover-
ing afforestation, riparian woodland) 

Utilisation des panneaux photovol-
taïques et flotteurs come zone de repos, 
de refuge et poste d’alimentation  

Use of photovoltaic panels and floats as 
places of rest, refuge and a feeding 
post  

Conservation du rôle fonctionnel de site 
d’alimentation et de repos pour les es-
pèces en halte migratoire et hivernage 

Conservation of the functional role of 
feeding and resting sites for migratory 
and wintering species 

Le plan d’au et la végétation rivulaire 
sont toujours utilisés en période de nidifi-
cation par diverses espèces 

The lake and riverside vegetation are still 
used in the nesting period by various 
species 

 

Another significant benefit is that these floating islands will serve as protective refuges for fish, 
as they can hide underneath. They will also serve as perches or nesting zones for waterfowl 
(which is not necessarily a good thing for the operator because the bird droppings create 
shade on the panels (therefore creating dangerous hotspots), and this is not cleaned off the 
panels naturally). 
 

 
Figure 47: example of floating solar panels that have been soiled by aquatic bird droppings; project set 

up on a body of water at the Bouygues Construction headquarters in 2021 

It is possible to combine these biodiversity initiatives with tools for monitoring the biological qual-
ity of water bodies:  
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• By installing underwater shelters underneath the floats out on the water (at a depth of 
50 cm to 1.5 m depending on the turbidity of the water), in the form of small mesh crates 
(filled with pieces of wood and oyster shells or pieces of brick) or by installing artificial 
substrates similar to those used for testing the quality of water bodies (e.g. IQBP or IBG-
RCS), which are easy to pull up onto the pontoons so that hydrobiologists can analyse 
the biodiversity for quality assessments.  

• By creating man-made green islands next to the PV plant. 

• By adding boots or pieces of rope made from natural materials onto the fixation cords 
or chains, to then attach pieces of wood or stones to them: based on the model of 
Japanese farms where algae and corals are grown. 

• Wherever possible, by creating foundations that are not made from concrete, but ra-
ther rough foundations with cavities, or even better, with gabions. 

 
These solutions are easy to install under any type of structure or float, without majorly affecting 
the design (low weight in water).  
 
The maintenance of green islands can be combined with quality assessments. 
 

 
Biohut Biohut 
Nurseries artificielles : habitats pour les ports 
et infrastructures artificielles aquatiques 

Man-made nurseries: habitats for man-made 
aquatic ports and infrastructures 

Radeaux flottants végétalisés Floating green rafts 
Ilots de fraicheur végétalisés flottants sous les-
quels sont suspendus des Biohut (nuseries et 
frayères) 

Floating green islands with Biohut installed 
underneath (nurseries and spawning 
grounds) 
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Figure 48: extract from the Ecocéan presentation; October 2021, 

INES: innovations for biodiversity within floating photovoltaic plants, summary of REX. 

This type of solution was installed by the client: AKUO underneath Piolenc floating PV plant (17 
MWp), after the construction work carried out by Bouygues. 
 

5.12.1. Estimated associated costs 

Cost of the BIOHUT by Ecocéan (around €500/€700 delivered and installed per unit in France 
and nearby Europe), in groups of 8 to 10 to recreate nurseries (2 nurseries per 10 MW project is 
sufficient, installation in 1-2 days maximum).  
 
Cost of the Ecocéan floating raft: delivered and installed in France and nearby Europe, 1.15 m 
x 2.3 m, coir fibre geotextile border planted with helophytes (15 plants/m²), filled with high-
buoyancy HDPE, €650/m². Islands with a surface area of around 40 m² (installed in 1 day, may 
vary depending on the chosen fixation). 
 
Estimated cost of Japanese-style cords: €5-€10 per unit for supply + manufacturing time 
Price of foundations: depends on project and country (several hundred euros per section gen-
erally). 
Estimated cost of man-made substrate = mini gabion to build yourselves: €100/€200 maximum 
(a simpler version of the Biohut). 

5.13. ACTION PLAN NO.13: ENVIRONMENTAL 
MONITORING OF MEASURES  

As always, if the effects of the actions and measures implemented are not 
followed-up and monitored in a suitable way, it will be difficult to provide 
positive feedback for the initiative and to convince and encourage opera-
tional teams to choose these initiatives for any future projects. 



 

 
 PHOTOVOLTAIC PROJECTS & BIODIVERSITY CONSERVATION | 03/08/2022 77 

 

It is up to the owner of the plant, so the end client, to respect this regulatory obligation to follow-
up the results. 
Environmental monitoring is generally put to the bottom of the list of priorities in terms of biodi-
versity conservation initiatives in territorial development projects. Generally, this monitoring 
consists of an annual visit per biological unit, to check a few target species or habitats are still 
intact, without developing any specific indicators or protocol. This corresponds to a simple en-
vironmental verification, rather than an actual monitoring process. 
There again, ECO-MED has published an interesting report about implementing environmental 
monitoring protocols for solar plant projects on dry land. This document is readily available to 
download online. Extracts from the report are presented on the following pages. 
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EN RESUME IN SUMMARY 
Une boîte à outils pour guider des futurs suivis 
écologiques 

A tool kit to guide future environmental mon-
itoring initiatives 

La boite à outils PIESO-BOOST a pour objet de 
fournir aux acteurs de la filière photovol-
taïque un cadre de référence général pour 
mettre en place des suivis écologiques. Les 
protocoles présentés sont basés sur des ex-
périences de suivis élaborées et réalisées par 
une équipe interactive et complémentaire 
de scientifiques et d’experts de BEE et d’un 
industriel. Chacun ayant participé à des ni-
veaux variables aux suivis. Cette boite à outils 

The goal of the PIESO-BOOST tool kit is to pro-
vide stakeholders in the photovoltaic sector 
a general framework to follow when imple-
menting environmental monitoring. The pro-
tocol presented is based on monitoring ex-
perience designed and carried out by an in-
teractive and complementary team of sci-
entists and EEB experts and an industrialist. 
Each participant has taken part in monitoring 
initiatives on a certain level. This tool kit 
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doit donc être abordée comme un guide 
pour une approche multidisciplinaire des ef-
fets d’une CPV. A ce titre, elle permet de gui-
der des études sur différents compartiments 
biologiques* complémentaires et de pouvoir 
établir, le cas échéant, des liens entre les ré-
sultats obtenus sur chacun d’entre eux. 
Chaque élément la constituant a cepen-
dant été conçu pour être aussi utilisé assez 
aisément de manière indépendant. Les 
Fiches, et en particulier les fiches comparti-
ments, constituent l’outil opérationnel princi-
pal de cette boite à outils.  

should therefore be used as a guide for a 
multi-disciplinary approach to the effects of 
a PV plant. As such, it can be used to accom-
pany studies on various complementary bio-
logical components* and wherever neces-
sary, help establish connections between the 
results obtained for each component. Each 
part has also been designed so that it can 
easily be used independently. The action 
plans, specifically the documents concern-
ing the components, are the main opera-
tional tools of this tool kit.  

Les cas d’études fournissent un complément 
illustrant la mise en application de ces fiches 
dans le cadre du programme PIESO. Toutes 
ces propositions et études mettent en évi-
dence leurs particularités intrinsèques mais 
également les particularités de chacune des 
CPV. Les méthodologies proposées ici n’ont 
donc pas toutes vocation à être répliquées 
à l’identique sur d’autres sites. Elles consti-
tuent davantage la direction à suivre, tout 
en fournissant des techniques de terrain, de 
laboratoire et d’analyse applicables en 
fonction du contexte de la ou des CPV à étu-
dier. 

The case studies serve as additional infor-
mation to illustrate how these action plans 
have been implemented in the PIESO pro-
gramme. All these propositions and studies 
highlight the detailed characteristics for 
each one, as well as the defining features of 
each PV plant. The methodologies pre-
sented here are not intended to be copied 
to the letter for other sites. They should be 
considered as recommendations to follow, 
examples of on-site, laboratory and analysis 
techniques that may be applied depending 
on the context of the PV plant(s) in question. 

Synthèse des compartiments suivis Summary of the components monitored 
Les périodes de prospections dépendent du 
compartiment étudié. Le tableau ci-dessous 
présente les périodes à respecter et le 
nombre de session pour chaque suivi.  

The investigation periods depend on the 
component being assessed. The following ta-
ble shows the periods to respect and the 
number of sessions for each monitoring.  

Tableau 3. Synthèse des compartiments bio-
logiques à suivre dans le cadre d’une CPV.  

Table 3. Summary of biological components 
to monitor for a PV plant project.  

COMPARTIMENT ETUDIE COMPONENT ASSESSED 
SOL SOIL 
COMMUNAUTE VEGETALE PLANT COMMUNITY 
ENTOMOLOGIE (LEPIDOTERES) ENTOMOLOGY (LEPIDOPTERA) 
ENTOMOLOGIE (ORTHOPTERES) ENTOMOLOGY (ORTHOPTERA) 
ORNITHOLOGIE ORNITHOLOGY 
RESTAURATION ECOLOGIQUE ECOLOGICAL REHABILITATION 
1 session 1 session 
1 session 1 session 
6 session 6 sessions 
4 session 4 sessions 
3 session 3 sessions 
2 session 2 sessions 
NB. La durée de chaque session est précisée 
dans les fiches compartiments et doit être 
adaptée à la taille de la CPV.  

NB. The duration of each session is specified 
in the different documents and should be 
adapted to the size of the PV plant.  
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5.13.1. Estimated associated costs 

In most cases, it is up to the owner of the plant, so the end client, to respect this regulatory 
obligation to follow-up the results, not the EPC or the user.



 

 

 

 

 

 

 

 

 

 

 

 

Below each diagram appears a 
correspondence table showing its 
translation from French to English. 

 

This document was produced under the 
partnership of Bouygues Construction 
and its entities with WWF. 
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