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1. Summary 

 

In the current climate change situation, one of the most serious ecological threats is 

the increase of desertification risks. These risks are especially high in the 

Mediterranean basin. In this context, the LIFE project ‘The Green Link’ (LIFE15 

CCA/ES/000125) was launched with the aim of testing a new planting technology, 

the Cocoon, which increases the seedling survival in new plantations. The Cocoon 

consists of a donut-shaped container basically made out of recycled cardboard. The 

container holds 25 liters of water. Within the central space a seedling is planted. Its 

design aims to provide water and shelter to the seedling during its first year, the 

most critical for plant establishment. 

The Cocoon was tested in seven planting trials, five of them in Spain (Canary Islands, 

Almeria, Catalonia and two in Valencia), one in Calabria (Italy) and one in Ptolemais 

(Greece). The areas included in the project cover a variety of soils, Mediterranean 

mesoclimates, vegetation and land uses that allowed testing the effectiveness of the 

Cocoon methodology in different situations. With the objective of studying its 

functionality, the survival of the seedlings and their vigor were analyzed along with 

their growth. The degradation and incorporation to the soil of the Cocoon was also 

measured. The evolution of the plantation areas was also monitored through data on 

the structure, composition and vegetation diversity. Additionally, soil characteristics 

and fauna presence in the restored areas were also monitored. 

In general, Cocoon has proven its effectiveness by increasing seedling survival 

compared to the control group, especially under dry growing conditions (low rainfall, 

soils with low water retention capacity). Cocoon also allowed a higher growth of some 

species (olive trees, olm oaks and alepo pines). However, for other species these 

differences were less evident. A positive correlation between the rainfall of the site 

and the degradation degree of the Cocoon device was observed. Overall, and after 

three years of monitoring, it is possible to state that restoration of the areas shows 

a positive trend. 

Cocoon technology works in a wide range of arid and semi-arid conditions. In general, 

conventional plantations showed higher mortalities and relatively lower vigor rates 

than seedlings planted with this technology. The direct and indirect water supply, the 

mitigation of plant competition around the device, the reduction of evapotranspiration 

and the microcatchment effect create a very suitable set of conditions that improve 

the physiological state of the plants, which gives rise to an increase in survival. 

Cocoons have added advantage when site conditions impose more drought stress 

(lower rainfall, light textured soils with poor water retention), and/or when tree 

species are used which are less adapted to drought stress. The Cocoons thus mitigate 

adverse growing conditions over an extended period. However, Cocoons are less 

competitive than common techniques for plantations in soils with high water retention 

capacity in Mediterranean sub-humid climates, or when water drought tolerant 

species are planted. Small differences in survival and growth, combined with higher 

costs of planting with Cocoons, make this ecotechnology less interesting in these 

situations.  
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This document synthesizes the information obtained through the field trials and 

replications made in the context of the Green Link project. The main objective is to 

contribute to development of tools and strategies for climate change adaptation, 

especially in the most arid and semi-arid regions. Main conclusions about Cocoon 

design, installation and degradation, effects on vegetation and soil, and stakeholder 

consultation are provided. Moreover, a market uptake section is included, focused on 

business opportunities, stakeholders engagement, promotion of local green 

economies and competitive market solution.  

In the last section, some general recommendations are given, in order to ensure 

replicability and transferability, including a brief review of national and EU policies, 

in order to contribute to policy deliberation and debate with the lessons learned 

during the project’s development. These recommendations were sent to the 

European Commission in order to inspire the new climate change adaptation strategy. 
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2. Introduction  

2.1 Climate change adaptation 

 

In a recently published paper in Science, Morecroft et al. present a review about 

measuring the success of climate change adaptation and mitigation in terrestrial 

ecosystems. The authors point out that when protected, restored, or managed 

appropriately, natural and semi natural ecosystems make critical contributions to 

climate change mitigation and to helping people adapt to climate change. Ecosystems 

themselves are vulnerable to climate change, but by restoring natural ecosystem 

processes, resilience can be built, and a wide range of adaptation strategies can 

ameliorate the impacts (Morecroft et al., 2019). 

 

As more and more carbon dioxide is emitted into the atmosphere, humans and the 

natural world are beset by the damaging consequences of a rapidly changing climate. 

Natural and semi natural ecosystems are likely to be the best starting place for 

immediate adaptation and mitigation solutions. First, though, many natural 

environments need restoration to maximize their own resilience to climate change. 

In reviewing our options, we can directly observe the success of mitigation strategies 

by quantifying atmospheric carbon dioxide. Successful adaptation is more challenging 

because it involves a range of social and biodiversity measures (Morecroft et al., 

2019). 

 

The authors appoint that the success of ecosystem-based mitigation can be measured 

in terms of falling net emissions and stabilization of atmospheric CO2 concentration. 

Although this is conceptually straightforward, it can be difficult to measure ecosystem 

fluxes accurately. Adaptation is more complicated because it encompasses a wide 

range of objectives, with respect to people and biodiversity, including both reducing 

vulnerability and managing unavoidable change. 

 

Adaptation to reduce the vulnerability of biodiversity and ecosystems themselves to 

climate change has been discussed over many years but proposed measures remain 

largely untested. This is starting to change, with recent studies gathering empirical 

evidence of the factors that influence the vulnerability of ecosystems and biodiversity. 

Nevertheless, evaluation and reporting of adaptation is currently focused on planning 

and implementation of actions rather than on assessment of whether these programs 

have successfully reduced vulnerability (Morecroft et al., 2019). 
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Figure 1. The role of natural and seminatural ecosystems in adaptation to and 

mitigation of climate change (Morecroft et al., 2019). 

 

In this document we give some conclusions and recommendations related to the use 

of the Cocoon for adapting the restoration projects of natural and seminatural 

ecosystems to climate change. 

 

 

 

2.2 The Green Link project 

The project seeks to test an innovative seedling growing method to restore degraded 

areas. This consists of replacing traditional planting techniques with the “Cocoon”, a 

water-efficient, low-cost and biodegradable technology. 

The Cocoon can be defined as an incubator for tree plantations as it protects the 

seedling, supplies water and helps it to grow (Figure 2). It is made of recycled 

materials and 100% biodegradable. The Cocoon can be considered an ecotechnology 

to support reforestation and agriculture, especially in arid and semi-arid regions.  

 

Figure 2. Cocoon scheme with its main parts and functions. 
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Cocoon ecotechnology has been tested in 7 locations in the Mediterranean and Canary 

Islands, under different climatic conditions that represent an aridity gradient (table 

1). The type of soil that each zone presents is different, which has allowed us to 

assess the operation of the system on a wide range of substrates. 

Table 1. Field trials identification and location, climatic parameters and geologic 

substrate. 

Site Region Country 

P 

(mm) 

T 

(°C) 
Substrate 

Tifaracás 
Canary 

Islands 
Spain 200 14,3-28,6 Volcanic 

Sierra María Almería Spain 350 0,8-30,3 Alluvial 

Jijona Alicante Spain 440 8,9-24,7 
Early cretacic 

marls 

Tous Valencia Spain 425 10,6-25,5 
Cretacic 

dolomites 

El Bruc Barcelona Spain 650 6,7-22,1 
Conglomerate

s 

Ptolemais 
Western 

Macedonia 
Greece 600 1,8-22,5 Marls- lignite 

St. Marco 

Argentano 
Calabria Italy 900 8,1-23,3 Sedimentary 

  

In total, 22.301 seedlings of 31 different species or varieties have been planted in an 

area of 73 ha. Cocoon has been tested to reforest areas degraded (abandonment, 

mines, forest fires), as well as to establish/reintroduce tree crops of species or 

varieties better adapted to climate change scenarios. Plantations were carried out in 

two periods, one part in autumn/winter 2016, and another in the spring of 2017. 

Table 2 shows the species and varieties used. 

On one hand, the effectiveness of the Cocoon system, soil properties, and seedling 

survival and growth have been controlled. On the other hand, the social perception 

of the benefits that this ecotechnology can bring to the local population have been 

evaluated.  
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Table 2. Description of the planting activities: objectives, area, chronogram and 

number of seedlings per specie. 

Demonstration area Plantations dates and surface Plant species 

Spain / Catalonia /    
El Bruc  

Objective: restore 
burned area 
combining agricultural 
and forest uses 

 
 
 
 
1st Planting (oct-dec 2016) 
4,5 ha 
 
 
 
 
 
 
 
 
 
 
2nd Planting (apr-may 2017) 
19,6 ha 
 
Replanting (oct 2018) 
0,5 ha 

Olea europea var. europaea 
(arbequin) 667 
Quercus ilex. subsp. ilex (truffle) 142 
Ficus carica 137 
Total: 946 trees 
 
Olea europaea var. europaea 
(arbequin, cornicabra, vera) 1365 
Quercus ilex. subsp. ilex (truffle) 260 
Quercus ilex. subsp. Ballota 405 
Quercus faginea 585 
Ceratonia siliqua 95 
Ficus carica 152 
Prunus dulcis 160 
Juglans regia 52 
Prunus avium 80 
Prunus spinosa 50 
Total: 3204  
 
Olea europaea var. europaea 
(cornicabra): 150 
Total: 150  

Spain / Alicante/ 
Jijona  

 

Objective: restore 
bandoned agricultural 
land 

 
 
 
 
 
 
 
 
1st Planting (nov-dec 2016) 
2,04ha 
 
 
 
 
 
 
 
 
 
2nd Planting (27-31 march 2017) 
2 ha 
 

Olea europea var. europaea 
(arbequin):  467  
Teraclinis articulata:88 
Pinus halepensis: 72 
Quercus ilex:31 
Arbutus unedo: 27 
Ceratonia siliqua: 29  
Cistus albidus: 9 
Total: 723  
 
Pinus halepensis: 35 
Olea europea var. europaea 
(arbequin): 397  
Quercus ilex: 193 
Arbutuds unedo: 21  
Ceratonia siliqua: 1 
Prunus dulcis 9 
Punica Granatum: 14 
Tetraclinis articulata 50 
Ficus carica: 9 
Total: 729  
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Spain / Valencia / 
Tous  
 
Objective: restore 
burned area  

 
 
 
 
 
 
 
 
1st Planting (17-29 oct 2016) 
3ha 
 
 
 
 
 
 
 
 
2nd Planting (6-11 march 2017) 
2,12 ha 
 
 

Pinus halepensis: 464 
Olea europea var. europaea 
(arbequin): 150  
Quercus ilex: 163  
Arbutus unedo: 146  
Ceratonia siliqua: 49 
Celtis australis: 17  
Tetraclinis articulata: 134 
Total: 1123  
 
Pinus halepensis: 275 
Olea europea var. europaea 
(arbequin):68  
Quercus ilex: 170  
Arbutus unedo: 75  
Ceratonia siliqua: 14 
Prunus dulcis: 20 
Juglans regia: 10 
Punica granatum: 11 
Tetraclinis articulata: 108 
Total: 751 

Spain / Almeria / 
Sierra Maria 
 
Objective: restore 
abandoned 
agricultural land 
planting almond trees 
and a dryland river 
with authoctonous 
species  
 

 
 
1st Planting (jan/feb 2017) 
7ha 
 
2nd planting (april - may 2017)  
3ha (almond trees ) +3ha (tamarix gallica) 
 
 

 
Prunus dulcis (Lauranne and Guara) 
2000 
Total: 2000 
 
Tamarix gallica 1000 
Rosmarinus officinalis 1000 
Total: 2000 
 

Italy / Calabria / San 
Marco Argentano  
 
 
Objective: restore an 
abandoned gravel pit 
with agricultural and 
forest species 
 

 
 
 
1st Planting 26 and 27 October 2016 
0,5 ha 
 
 
 
2nd planting (march-june 2017) 
10,15 ha 
 
 
 

Olive trees 39 
Pomegranates 40 
Fig trees 41 
Total: 120 trees 
 
Olive trees 1083 
Pomegranates 555 
Fig trees 760 
Other spp 507 
Total: 2905 trees 
 

Greece / Western 
Macedonia/ 
Ptolemais 
 
Objective: restore a 
post-lignite mine with 
forest vegetation for C 
sequestration 
 

 
 
1st Planting and Training with LLC: 9/10 Nov 2016.  
2,96ha 
 
2nd planting (May 2017) 
2,65ha 
 
 
 
 
 
 
 
 

Mediterranean cypress 991 
Macedonia oak 600 
Total: 1591 trees 
 
Mediterranean cypress 1041 
Macedonia oak 609 
Total: 1650 trees 
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Spain / Gran Canaria 
/ Tifaracás 
 
 
 
Objective: restore a 
natural area severely 
affected by herbivory 
 

1st Planting: 23-24 Nov 2016  
5,7 ha 
 
2nd Planting: May 2017 
5 ha 
 
3th Planting: Nov-Dec 2018 
0,6 ha 
 

 
4th Planting: October 2019 
1,4 ha 
 

Pinus canariensis: 700 
Juniperus turbinata subsp. canariensis: 
200 
Olea europaea subsp. Guanchica: 495 
Pistacia atlántica: 392 
Total: 1787  
 
Pinus canariensis: 799 
Juniperus turbinata subsp. Canariensis: 
623 
Total: 1422  
 
Pinus canariensis: 150 
Olea europaea subps. guanchica: 150 
Pistacia atlántica: 50 
Juniperus turbinata subps. canariensis: 
50 
Total: 400 
 
Pinus canariensis: 464 
Olea europaea subsp. guanchica: 232 
Pistacia atlantica: 104 
Total: 800  

 1st planting area: 25,7 ha 
2nd planting area: 47,5 ha 
3th planting area: 0,6 ha 
 
4th planting area: 1,4 ha 

1st planting Total: 8290 seedlings  
2nd planting Total: 12661 seedlings 
3th planting Total: 400 seedlings 
Replanting: Total: 150 seedlings 
4th planting Total: 800 

 Total area planted: 75,2 ha Total seedlings planted: 22301 
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3. Conclusions on trials  

This section is coordinated by CREAF, with the main participation of CIDE & UAL. 

Conclusions about the field trials are provided, regarding Cocoon design, installation 

and degradation, seedling survival and growth, soil effects and stakeholder 

consultation.  

 

3.1 Cocoon design, installation and degradation 

• The Cocoon device has worked well in the planned period when installed 

correctly. 

• The initial lid model presented weaknesses that have been corrected in a new, 

more robust version, reducing premature collapse, thus better retaining water inside 

the bowl, and draining rainwater to the seedling. 

 

 

 

Figure 3. Old (left) and new (right) Cocoon versions. 

 

• The initial protector used in most of the plantations tended to warp (potentially 

suffocating tree seedlings), following rain events in combination with (strong) winds. 

So improvements in its design have been introduced to make it more resistant to the 

elements. 

• In view of decreasing wall strength of the Cocoon, following the declining 

quality of the recycled paper pulp (i.e. cut waste of carton) due to shortened pulp 

fiber length, virgin pulp (cellulose) was added as an ingredient. The longer fiber 

length properties of virgin pulp resulted in increased wall strength. 
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• Shallow (<30 cm) or stony soils are not appropriate for the installation of this 

device. However, it can be used on soils with gravel or boulders that do not pierce 

the wall of the Cocoon. 

  

 

Figure 4. Cocoon sticking out due to the insufficient soil depth. 

 

• The use of an auger that make a hole of 50 cm in diameter, coupled to a 

tractor, allows the mechanization of the plantation with Cocoon, facilitating its 

installation and access to areas with moderately steep slopes. The use of excavators 

is not advised since they can cause more damage to soil (a.o. undesired compaction). 

Moreover, holes made with them tend to be very large, increasing the work when 

back filling the space left around the Cocoons. 

  

 

     

Figure 5. Digging the pit with an auger installed in a tractor (left), and filling the 

Cocoons water reservoir with a tank (right). 
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• The installation workers should be pointed out that the base of the hole must 

be completely flat (no stones) and level, in order to prevent the displacement of the 

water inside the Cocoon, that can provoke its tilt or overturn (Figure 6). This can be 

achieved levelling the base of the hole with soil. Only levelled Cocoons can hold the 

maximum amount of water. Moreover, a good fulfilment of the space between the 

hole and the Cocoon wall is equally important in order to prevent Cocoon deformation 

and water loses (Figure 6). 

    

   

Figure 6. Turned Cocoon due that the base of the hole is not flat enough (left) and 

example of a hole not correctly back filled (right). 

 

• The main functionalities of the Cocoons last for at least a year, pending 

environmental conditions. 

• Degradation rate is slower at sites in climates with higher aridity, which would 

prolong the usefulness of the device and improve its influence on the plant. Moreover, 

the bottom of the bowl may continue to function as an anti-evaporation screen, thus 

increasing soil moisture availability to the tree seedling. 

• Despite the new lid design gives a bigger resistance, putting an excessive 

amount of soil over the lid may still induce lid collapse. Hence it is important to do 

not cover the lid entirely with soil, but only the outer rim. Moreover, leaving the lid 

uncovered could avoid treading it. With the new lid design, the lid drains off the runoff 

and rain through the central hole. Putting soil above the entire lid will curtail 

additional runoff collection. 

• To prevent shelter losses by wind, it is important not to fill the central hole 

entirely, in order to properly wedge the shelter. When filling the central Cocoon hole 

with soil it is important to let at least 10 cm below the ground surface. This space 

will allow to correctly insert the protector in the hole. For guiding the protector 

installation, new protectors have a mark on the level where they must be inserted in 

the hole.   

• Cocoon degradation also controls the plant-exclusion effect. It is clear that 

the Cocoon reduces the competition by nearby herbaceous vegetation especially 
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during the first critical year. However, in the longer term, this effect highly depends 

on the Cocoon degradation. When Cocoon is not degraded this effect remains after 

two years. By contrast, when the Cocoon is degraded, the higher soil moisture on the 

surrounding of the Cocoon could increase the development of herbaceous vegetation 

(Figure 7). Since tree seedlings will have a deeper root than herbs they will maintain 

a competitive advantage during their establishment in the first years. Additionally, 

once established, trees may provide a favorable microclimate for succession 

vegetation, by reducing desiccating wind speed and high irradiation. 

  

Figure 7. Cocoon degradation after two years: poorly degraded Cocoon (left), without 

weeds on the surrounding, and highly degraded one (right), with herbaceous 

vegetation growing inside the degraded bowl and the surrounding. 

 

• While seedlings are planted 10-20 cm deep from the surface, they could 

extract resources (water and nutrients) from deeper layers, have a reduced 

evapotranspiration and more water available due to the microcatchment effect of the 

bowl, that can retain run-off and rain, also when degraded (Figure 8). 

 

  

Figure 8. Microcatchment effect of the bowl, that can retain run-off and rain (left), 

also when degraded (right). 
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• As Cocoon becomes degraded, some fragments remain outside, which slows 

down its decomposition. In some areas it may be advisable to remove the parts that 

remain on the surface, as well as the remains of the protectors. 

● The fresh water stored in the Cocoons is an important factor for attracting 

fauna. This issue combined with the high population of some mammals in the 

Mediterranean basin, like wild boards or wild goats, may jeopardise the functionality 

of the Cocoon. 

 

● In order to prevent these damages there are different solutions that can be 

applied in combination or alone, depending on each case. The most effective action 

is fencing the areas (hunting fence, electric fence, fence with stems and branches, 

metallic fence…). However, for large areas or when planting density is low this option 

is very expensive and not convenient. In these cases, individual tree fencing (i.e. 

cages which can be re-used in future plantings), or the use of canons (to scare the 

animals) or bio-repellents could mitigate the problem. 

 

● Integration of bio-repellents within the Cocoon and shelter, to protect tree 

seedlings against grazing animals, was not successful. Bio-repellent candidates could 

not be applied in the production process (pulping), as operators were exposed to 

steam, carrying the bio-repellent as aerosol (e.g. capscaine irritating eyes of 

operators). Moreover, other bio-repellents (e.g. citral) where compromising wall 

strength integrity thus impairing the Cocoon quality. 

 

● Preliminary trials were carried out by applying commercially available bio-

repellents, including Cunirep (against rabbits), RTA50 (against wild boars), Cervirep 

(against deers & goats), Tupoleum (against wild boars and deers) and Trico (against 

deers & goats) to assess their effectiveness. Application instructions vary from 

dispensing in cartridges with slow diffusion in the air (Tupoleum, Cervirep), strategic 

spraying on the soil as fragrance fence (Cunirep, RTA50) or direct application on 

seedlings (Trico). Gaining first hand experience with the use of bio-repellents in 

reforestation, no elaborate (and costly) block design was laid out at this stage to 

enable a solid statistical analysis as well. 

Nonetheless it could be inferred that effectiveness depends on attractiveness of 

Cocoon trees (including initial presence of water inside the Cocoon), presence of 

alternative feeding sources (i.e. more challenging in dry season) and persistence over 

time (which may be shortened by rain, wind and (high) temperatures). The most 

persistent bio-repellent (+2 months) appears Trico in deterring deers and feral goats, 

but to lesser extend wild boars, if present. RTA50 has a shorter lasting persistence, 

and in addition to declared effectiveness against wild boars, it also shows some 

deterrence against feral goats, especially in combination with cages. 
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3.2 Effects on plantations 

• In general, the use of Cocoon improves the efficacy of the plantations, 

compared with the traditional method, avoiding or at least reducing the need of 

frequent irrigations in the first years. Seedlings planted with Cocoon showed higher 

survival ratios and better physiological state than controls. However, results vary 

according to the rainfall regime. In the relatively more humid regions the Cocoon 

appears to have less added value. However, it should be taken in consideration that 

according to the climate change scenarios, summer drought could increase its 

severity, also in the current humid areas, and therefore the use of the Cocoon could 

improve the survival of the plantations. Nevertheless, in extreme dry areas, like those 

in Canary Islands, survival and growth ratios had been low, but better than not 

watered controls. However, watered controls had better survival ratios than Cocoons 

(figure 10).  

In a second prove made in Canary Islands, to refill the Cocoon every 6 months during 

the first two years increased both the survival and vigor rates in double, and 

significantly improved the results compared to watered controls. This new approach 

has opened other possibilities to increase the efficiency of climatic change mitigation 

activities using the Cocoon ecotechnology. 

  

 

Figure 9. Physiological state after two years of planting with Cocoon technology and 

without (control) in The Green Link trials (all). 
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Table 3. Cocoon suitability when planting autochthonous species, regarding different 

climate types. 

Climate type 
Köppen 

classification 
Cocoon functionality 

Humid Cfb No significant improvements 

Sub-humid Cfa 
Slight increase in survival and 

growth 

Semi-arid  

(hot summer) 

Csa 

Significant increase in survival 

and growth ratios 

Semi-arid 

(cold winter) 

BSk 

Significant increase in survival 

ratios 

Arid BSh 

Increase in survival ratios. Re-

filling during first drought 

seasons could highly improve 

survival and growth ratios 

 

• Besides rainfall regime, species type, the quality of the seedling, the planting 

process and the soil quality play an important role in seedlings development. Cocoons 

are less competitive than common techniques for plantations in soils with high water 

retention capacity in Mediterranean sub-humid climates, or when water drought 

tolerant species are planted. Small differences in survival and growth, combined with 

higher costs of planting with Cocoons, make this ecotechnology less interesting in 

these situations. 

 Heavier textured soil, characterised by higher water retention, may support 

survival and growth in lower rainfall regimes (and reduce the need of refilling(s) in 

arid regions). 

• Cocoon is less efficient compared to traditional techniques when planting 

species tolerant to drought (a.e. Pinus halepensis, Tetraclinis articulata, Prunus 

dulcis, Rosmarinus officinalis). 
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Figure 10. Physiological state after two years of planting with Cocoon technology and 

without (control) in The Green Link trials (per site). 
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● In general, Cocoon works better on tree species than in shrubs. A reasonable 

explanation of this could be related to the limiting effect of the shelter on the multi 

stem species or those with a width based growth. In contrast, tree species and some 

tall bushes having a dominant vertical growth, tree shelter do not negatively affect. 

• It is very important to use good quality seedling, with well-developed roots, 

without spiralling or J-rooting. Therefore, nursery techniques should focus on high 

quality seedlings with well-developed root systems, as obtained by air root pruning 

techniques. The poor survival results obtained with Cocoon and the respective 

controls in some olive varieties were due to poor seedling quality. 

• Greater root development has been observed in olive plantations made with 

the Cocoon compared to the respective controls. 

• The use of the Cocoon has given good results for the plantation of olive trees 

by means of the traditional system of cutting, in comparison with the respective 

control. 

• In two years, major growths have been obtained in plantations with Cocoon 

of olm oaks, alepo pine and olive trees, in comparison with the respective controls 

(figure 11). 

 

Figure 11. Height and diameter growth between 2017 and 2019 in Quercus ilex 

subsp. ilex seedlings in El Bruc. Different letters show statistically significant 

differences (α=0.05%). 

 

• Regarding the species translocation strategy applied, as a climate change 

adaptation measure, this is giving good results, especially for Quercus ilex subsp. 

ballota in El Bruc and Tetraclinis articulata in Jijona. Related to the use of assisted 

migration concept for agricultural uses, cornicabra olive tree variety seems to work 

well in Catalonia and Alicante (Jijona) trials.  
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• Other species that have had high implantation ratios are Olea europaea var. 

guanchica in Gran Canaria or Arbutus unedo in Jijona. All the seedlings of these 

species for the control group have died, but all the seedlings with Cocoon survived. 

Therefore, the use of these species on restoration projects is recommended in areas 

with similar climatic and edaphic conditions, using the Cocoon technology, as a 

measure helping climate change adaptation.  

• The regeneration of natural vegetation can compete with planted species. In 

order to avoid this competence could be interesting to harvest the vegetation around 

the seedlings, at least until they reach sufficient development. 

• The use of herbaceous covers in woody crops and in areas vulnerable to 

erosion can be a good complement to plantations, especially when an agro-silvo-

pastoral use is considered. 

• Regarding the planting season, results of survival and physiological state 

tends to be better for seedlings planted in spring than in autumn or winter. This can 

be attributed to the fact that those planted in spring take better profit of the Cocoon 

because they will have the water of the reservoir available during the hot summer 

months/summer drought. On the other hand, the use of Cocoon at the end of summer 

drought could also increase the growing period of the seedlings, allowing a stronger 

seedling growth, and inherently a larger root system during the end of summer and 

autumn, before winter dormancy. This is an important result because it means that 

using Cocoon opens a new plantation window, not affordable with other techniques.  

 

3.3 Effects on soil 

• Cocoon ecotechnology has been tested on soils with very different parent 

materials, such as volcanic, alluvial, marls and limestone. In these diverse soils, 

results of planting with cocoons have been better, in general, than those of the 

corresponding controls. 

• Very stony, skeletal or shallow soils do not appear suitable for the use of 

cocoon technology. 

• Surface (0-10 cm) and subsurface (20-30 cm) soil samples have been 

characterized in all the plantations. Regarding physical properties, soils with clay or 

clay loam textures were predominant. Accordingly, their water retention capacity is 

medium-high. 

• All soils have a neutral or alkaline pH, in the range of 7.2 to 8.8. None can be 

considered saline, since mean electric conductivity (saturated paste) is <2 dS m-1. 

The highest concentration of sodium has been found in the soil of Gran Canaria (Na+ 

2-5 cmolc kg-1). Most soils contain carbonates, with very high levels in the 

plantations of Jijona, Almeria and Western Macedonia. The chemistry of these soils 

is dominated by calcium, saturating the exchange complex. These conditions favor 

the clays flocculation, although hyper abundance of calcium would limit the fertility 

of these soils. 
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• Organic matter (OM) content of planted soils present great variations in the 

different areas tested. They tend to be low in the two soil layers analyzed in Calabria, 

Gran Canaria and Jijona, and medium in Tous and Barcelona. In Western Macedonia, 

given that it is a restored coal mining area, C content shows a great variability, since 

some samples seem to contain coal residues. Nitrogen contents are also low in most 

of the soils (<1.5 gN kg-1). The available phosphorus levels are generally low in Tous, 

Gran Canaria, Barcelona and Jijona, medium in Western Macedonia, and high or very 

high in Almeria and Calabria. The high levels found in this last could be related to the 

application of organic fertilizers or other amendments. 

• As expected, no significant changes in the soil biogenic components (C, N, P) 

have been observed after two years in cocoon plantations, compared to those of the 

corresponding controls. However, increasing trends were observed for available P 

and organic C (mainly the more labile fraction). Information on the soil’s quality at 

the beginning of the plantation is therefore available, and it is recommended to 

repeat the analyses within a decade to assess whether organic carbon and nitrogen 

stocks have substantially increased. 

• A detailed characterization of parameters related to the soil's biological 

activity has been carried out, analyzing several enzymatic activities: urease, 

phosphatase (acid and alkaline) and β-glucosidase. The results show a considerable 

variability, as expected by the diversity of soils and environments studied. However, 

there are significant increases in several enzymatic activities from the initial sampling 

date (cocoon installation) until two years later. 

• Overall, positive correlations were observed between the content of the 

different forms of C and N with the growth of the seedlings, both of the aerial part 

and the roots. 

• Soil physical changes (through OM -build up, aggregation and micro-pore 

formation by soil organisms] is only to be expected in 5-10 years, suggesting the 

need of a monitoring campaign at mid-term, in order to better assess the Cocoon 

effect on soil. 

 

  

Figure 12. Root weight on cornicabra (olive tree) seedlings in El Bruc. Different letters 

show statistically significant differences (α=0,05). Bars indicate standard error. 
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3.4 Stakeholder consultation 

• Within the context of the Green Link project, we carried out the same social 

sampling regarding the ecosystem services provided across six semi-arid sites in the 

Mediterranean basin: Calabria in Italy, Ptolemais in Greece, and Catalonia, Valencia, 

Alicante, Almería and Gran Canaria for Spain. The social survey aimed to understand 

how the social perception of ecosystem services changed among sites and before and 

after the restoration process, identifying the most important services, their 

vulnerability. For most study areas, the perception of their capacity to provide 

benefits or ecosystem services improved in the post-plantation phase, indicating a 

positive influence of the project. Except for Calabria (Italy) where the social 

perception had a negative change possibly caused by the different situations that 

have occurred in this area. 

 

Figure 13. Change in overall perceptions of regions capacity to provide ecosystem 

services to people.  

 

• Which Ecosystem services perceived as vulnerable are reinforced after the 

post-plantation? Among the results obtained, it is necessary to highlight services that 

before the plantation were perceived as vulnerable by the locals, but in the final 

phase their perception improved and their vulnerability decreased. In other words, 

services that went from being perceived as being decreasing to being a growing 

service. In Almeria and Tous, the perception of erosion control was improved, in 

Jijona tourism, in Bruc agriculture, in Italy fresh water supply, in Greece air 

purification, and in the Canary Islands spiritual knowledge. 
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Figure 14. Ecosystem services that were reinforced after planting. 

 

• Which ecosystem services require more attention in terms of vulnerability? 

Similarly, there are services that are of great importance, but currently continue to 

be perceived as vulnerable or of concern to locals in each of the study areas. That is, 

services where the population perceives a decline in their provision over the last 10 

years. For the areas of Valencia and Catalonia, the service of greatest concern is 

climate regulation, in Almeria and the Canary Islands, it is fresh water supply and for 

the areas of Italy and Greece, it is agriculture. 

 

Figure 15. Ecosystem services perceived as vulnerable. 
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• Which crop do locals perceive as most beneficial? Respondents from the areas 

of Catalonia, Valencia and Calabria (Italy) perceived the olive crop (Olea europaea) 

as the most beneficial. As for the Canary Islands, a variety of olive tree was selected 

that is endemic to the Canary Archipelago (Olea europaea spp guanchica), for Almeria 

the almond tree (Prunus dulcis) is the most beneficial and common crop in the area, 

and finally in Greece there was a preference for Macedonian oak (Quercus trojana).  

  

 

Figure 16. Important crops species by area. 

  

Despite increasing attention to the ecosystem services framework in the EU context, 

the number of studies applying a socio-cultural perspective in restoration programs 

is limited. Although we are aware that the sample size between sites was not 

homogeneous, which could affect the perception of ecosystem services, we believe 

that our research results are well aligned with the objectives of the UN Decade on 

Ecosystem Restoration (which seek to improve the productivity and capacity of 

ecosystems to meet society's needs), and should be incorporated into the restoration 

process so that the needs of all stakeholders be taken into account. 

We conclude that the application of the socio-cultural assessment of ecosystem 

services into ecological restoration programs result in a critical step for the success 

of land management strategies due to it connects with human wellbeing indicators 

and integrates the views and preferences of both public, land owners and ecosystem 

services beneficiaries. 
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4. Market uptake & stakeholder engagements 

This section is specifically provided by LLC and VOLTERRA. It is mainly focused on 

replications, business opportunities, stakeholders engagement and the promotion of 

local green economies. Also there is a specific part on competitive market 

alternatives.  

 

4.1 Business opportunities, Stakeholders engagement, Promotion of 

local green economies 

Originally, the consortium had estimated to replicate the planting experience in 6 

locations with 6.000 Cocoons. However, already in 2016 many interested parties 

contacted us with demand for replication activities. Thanks to the continuous 

development of the Cocoon and its lower cost price due to improved production 

capacity (FTI Cocoon project), the consortium decided to advance and expand the 

replication activities.  

Thanks to the success of the Cocoon and high media interest, many commercial 

parties approached the consortium with requests for reforestation projects, creating 

several new business opportunities. Some companies are attracted to the idea of 

reforestation as a way to offset their carbon emissions, others are motivated by the 

idea of restoring nature for example after a forest fire. In all cases, the landowner 

(often public authorities with modest forestry budgets) are more than willing to 

commit their land to such projects. This win-win concept took off in Matamorisca 

(Castilla y León, Spain) in spring 2018 where Leaseplan, a Dutch leasing company, 

contributed to a 25 ha reforestation project incl. 1.000 Cocoons. Its success paved 

the way for further projects, ever larger in scale (Burgos, 100 ha, Fontecha 50 ha, 

etc), always including a number of Cocoons that were installed in the most critical 

parts of the terrain (i.e. slopes, eroded areas). That cooperation between private 

companies, local governments and the civil society showed the engagement of local 

and permanent stakeholders in restoration activities. 

The demand for Carbon Compensation and Nature Restoration projects is growing 

enormously, thanks in part to the increasing awareness of citizens and companies 

that climate change is real and urgently needs to be addressed. In that sense LLC 

and Volterra Ecosystems have managed to position themselves as leaders in the 

reforestation sector in Spain with 500 ha planted in Winter 2019-Spring 2020. For 

the 2020 winter period both companies expect to plant a total of 1.500 ha in Spain 

and Portugal, equivalent to 1,5 million trees which over their lifetime will sequester 

a total of 300.000 tons of CO2eq. generating sales of approx. €3 mln and providing 

at least 10 new permanent and 100 temporary jobs promoting local green economies. 

Furthermore, a MOU with Repsol Foundation was signed in January 2020 which 

should lead to a joint venture in Spain with LLC (summer 2020), increasing exposure 

for these types of projects. 

In addition, Regional Authority of Western Macedonia with the support of CERTH 

participates in the platform for coal regions in transition. The main objective of the 
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platform is to focus on the respective role of the EU and regions in supporting and 

implementing a ‘just transition’ and on the specific issues of attracting investments 

to coal regions and ensuring cross-border cooperation. Following the discussion 

between CERTH and EC representatives, the restoration of the exhausted coal mines 

is on the high priority for the transition of coal regions. To this direction, innovative 

and cost effective techniques, such as those applied in LIFE Green Link project, can 

be incorporated in the overall approach towards the transition of coal regions. The 

Green Link project has thus generated a major success by positioning the Cocoon as 

an effective tool for reforesting difficult, eroded soils without the need for irrigation. 

At the same time, the consortium became aware that large-scale Cocoon projects are 

quite challenging in terms of time to plant, logistics, and thus cost. This insight led 

to a further "technification" of tree planting with trials of new soil amendments (not 

only mycorrhizae but also biochar is now employed), design (planting along keylines), 

automated planting heads (increasing speed and accuracy) and monitoring. 

With regard to the last point, LLC is now convinced that data driven planting is the 

future and its tree monitoring smartphone application logs tree species, GNSS 

location, date of planting and other details. Drone technology is being developed to 

analyze survival rates, growth and vigor of the plants, which gives clients a unique 

insight into their projects, its effectiveness and carbon sequestered. In the future 

satellites will be offering sufficiently detailed images to analyze the status of a 

particular reforested area in real time. 

 

4.2 Competitive market solution 

4.2.1 Cocoon Business Model and USPs 

LLC business model is to sell Cocoons and manage end-to-end reforestation projects, 

capturing margin across the reforestation value chain. 

The Cocoon technology makes reforestation possible and verifiable but also enables 

clients to share the impact they are making on the ground with a larger audience 

through drone shots and satellite imaging. For carbon offset clients as well as 

institutions responsible for reporting to their donors or taxpayers, being able to make 

their investments tangible and high impact is why they chose LLC’s technology-driven 

reforestation approach. We explain (Cocoon) projects to clients as follows: 

100% ADDITIONAL: We reforest degraded land that will not come back unaided 

(UNCCD) 

TECHNOLOGY DRIVEN: Using the Cocoon makes reforestation transparent, 

successful, verifiable 

IMPACT: Measurable environmental regeneration, local investment and procurement 

ENGAGEMENT: Employee, client, volunteer field visits, community programming 
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4.2.2 Target customers & alignment with USPs 

Post Green Link we’ll serve two types of customers: 

a) Large national and multinational institutions with reforestation and climate 

mitigation mandates; and 

b) Corporations that seek to offset their carbon footprint through reforestation. 

Both groups form an existing customer base that we seek to further develop and 

expand. Most customers from the target groups today have multi-year, active working 

relationships with as well as prospects of long-term, repeating business. 

  

Large national and multinational institutions are high value, matured markets with 

opportunities across the world. Each of these institutions have substantial knowledge 

and experiences in reforestation and are investing anywhere from $10M-500M per 

year in reforestation to support their climate mitigation programs. Large national and 

multinational institutions that we are currently working with include UNHCR, 

CONAFOR, US National Park Service, US Fish & Wildlife Service, Innovation Norway 

and Swedish Agency for Economic and Regional Growth. We are also in discussions 

with the World Bank, UNEP, and Deutsche Investitions- und Entwicklungsgesellschaft 

(German Investment Agency). 

For these institutions, our additionality & technology driven approach enables them 

to tap into new geographies as well as new donors/funding sources previously not 

feasible. A good example is our growing relationship with UNHCR. In 2017-2018, we 

piloted the Green Refugee Camp program in Cameroon, planting 40.000 Cocoons. In 

2018 we secured funding for a second refugee camp in Sudan where planting has 

started, and are now discussing establishing a frame agreement in 2020 which would 

make LLC a preferred service provider for UNHCR. UNHCR will soon be eligible for 

funding from the Global Environment Facility, which disburses $1BN per year for 

environmental projects. Access to this financing will enable both UNHCR and LLC to 

move our partnership from annual to multi-year programming. 

Corporate offsetting market through reforestation is an emerging and high value 

market. Corporate voluntary offsetting is an $200M p.a. market today. And while a 

decade ago renewable energy dominated over 90% of the market share, forestry and 

land use projects today account for a stable 35~40% market share. Corporates that 

we are currently working with include Shell, LeasePlan, McKinsey, Groen Leven, 

Nordian Capital Partners and Landal GreenParks. 

For these corporations, our impact and engagement driven approach enables them to 

communicate their impact and engage with their customers in ways few offset projects 

can offer. One of the benefits of this corporate customer strategy is that we can often 

secure multi-year contracts that have potential to grow. 
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4.2.3 Competitors, substitutes and alternatives 

  

In general, our competition has always been the status quo - keeping reforestation of 

degraded land a low-tech, public sector owned issue. 

Competitors to our Cocoon technology-driven service offering The competition we face 

the most is from existing practices where no tools are used and survival rates are 

extremely low (0-15%) or where irrigation is used. Irrigation can be manual (e.g., 3-

5 times per summer) or drip irrigation. Large sums of money are spent annually on 

these projects, while a technology – the Cocoon – is now available to save money, 

improve performance and reduce water need. 

Traditional planting techniques include are typically not effective or not scalable or 

costly: 

● Zai pits / small harvesting pits 

● Deep planting of pole cuttings 

● Digging trenches 

● Hydrogels (which LLC uses also) 

 

None of these has the right combination of effectiveness, scalability and cost. These 

practices also do not provide the targeted or level of support that our product provides 

a young seedling, i.e.water directly to the roots over a long period of time. We have 

found a strong interest amongst our partners to use products that result in better 

survival and growth rates. 

There are a number of companies that have water saving technologies for planting 

trees. These either require extensive maintenance, are made of plastic or are at least 

twice as expensive. However, they are established businesses and they do have 

product awareness. They include Treegator (12-17 EUR), Ooze Tube Watering System 

(14 EUR), Greenwell Water Saver (7 EUR), Waterboxx (19 EUR). In the long run, we 

welcome competition to develop planting tools. The nature restoration opportunity is 

too large to be addressed by us alone. 

CO2 markets - primarily reforestation companies, government and multinationals. 

The current supply for voluntary CO2 reforestation credits is fragmented, under-

capitalized and does not use the full extent of technology. Some NGOs and companies 

(like Permian Global and Wildlife Works) have been in the market for more than 10 

years and have seen low prices that did not justify reinvestments. Many NGOs have 

outsourced the actual planting to local farmers and ensure delivery through inspection 

schemes. Projects in the tropical belt countries typically score low on permanence, 

leakage and additionality. 

Currently, the majority of demand is supplied by consultant-brokers, like 3Degrees, 

Natural Capital Partners and First Climate. Most of their staff is commercial and 

administrative. Their customers are not engaged in the execution of the reforestation 

projects and few use the specific projects that they fund in their (marketing) 

communication. There are limited options to optimize the offset portfolio to deliver on 

the business case of the customer, e.g., by generating new reforestation or focusing 
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on a specific region. Nonetheless, they have established client relationships and LLC 

has established a supplier relationship with many of the brokers. 

  

4.2.4 Barriers to Growth  

LLC’s primary barrier to growth is currently operating at a sub-optimal scale, which 

means: 

a) The inability to directly serve large customers / initiatives (reforest 10k+ ha 

p.a.) 

b) Sub-optimal efficiencies and costs (up to 40% untapped cost-saving potential) 

What we seek to achieve is to improve every aspect of its operations to be able to 

reach beyond the 10,000 ha threshold. In doing so, we can unlock direct access to 

e.g. the World Bank, the Green Climate Fund or other major carbon offset purchase 

initiatives like the CORSIA (for airlines), large utilities in California (for cap-and-trade 

scheme) or even governments (to fulfill Paris Agreement obligations). 

This not only opens up access to more clients but also create means to save costs 

through better land access, better seedling growth contracts, optimal equipment. 

Our operating capacity for 2020 is forecasted to be ~1,000 ha, translating to a project 

value of up to EUR 5M. This number, in the eyes of the World Bank of this world is 

considered too small to be “bankable” to justify pursuing even due diligence. 

The innovation (Cocoon) fits within our company's overall business strategy as it will 

allow us to expand our restoration capabilities to restore degraded areas at lower 

cost and higher performance. Our goal is to professionalize and improve restoration 

practices by combining the Cocoon with precision agriculture, land restoration, and 

conservation practices with remote sensing, large data sets, robotization and the 

latest horticulture mechanization technology. Our ambition is to guarantee the 

highest outcome of cost-effective, repeatable, and scalable solutions for dryland 

restoration and have impact. 

  

4.2.5 Business Model Outline - Commercialization plan & time-to-

market/deployment 

  

Our strategy is to quickly build our revenue base with the faster moving corporate 

clients, while building the relationships and proof points necessary with the large 

institutional players. Both aforementioned pools of customers have an annual and 

large-scale need for our technology-driven reforestation capabilities, making this a 

more defendable business model and attractive growth strategy. 

We will scale up our Cocoon services by pursuing business from the two pools of 

customers – large national and multinational institutions (NGOs and governments) 

with reforestation and climate mitigation mandates and corporates that seek to offset 

their carbon footprint through reforestation. 
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Large national and multinational institutions that we are currently working with 

include UNHCR, CONAFOR (Mexico’s forestry agency), US National Park Service, US 

Fish & Wildlife Service, Innovation Norway and Swedish Agency for Economic and 

Regional Growth. We are also in discussions with the World Bank, UNEP, and Deutsche 

Investitions- und Entwicklungsgesellschaft (German Investment Agency). Each of 

these institutions are investing anywhere from EUR 10M-500M per year in 

reforestation to support their climate mitigation programs. With each organization we 

have launched initial projects, giving plenty of room to grow our business with each 

client. 

The business model is highly scalable due to a number of favorable recent 

developments: 

1)      Large amount of unfulfilled reforestation demand 

2)      Increasing urgency and need for climate action 

 

2 billion ha (roughly the size of the USA and China combined) of land are degraded 

globally. Deforestation has outpaced reforestation and recovery. As of 2015, the world 

is losing on average over 3 million ha of forest per year. The billions of Euros 

committed to Reducing Emissions from Deforestation and forest Degradation 

(REDD+) funding in landscape projects (a large part from the Norwegian government) 

have been significant but experts argue that “donor governments will not be able to 

provide sufficient finance over the long term to end global deforestation… and for 

REDD+ to be successful, the private sector must also step up and play a constructive 

role”. 

Assuming that half of all degraded land requires some sort of intervention, the cost 

required to restore 1 billion ha over 40 years is €40-50 billion per year. Reforesting 

at such scale would deliver the world on average 4-5 billion tons of CO2 (tCO2) 

removal on an annual basis (about 10% of current CO2 emissions). 

The global reforestation sector could grow to more than €50 billion in revenues per 

year, although given its relative novelty, accurate data on the size of the global 

reforestation market is not available. LLC estimates it at €3-5 billion per year, mostly 

funded by governments (e.g., EU, US, China, India, Mexico, Australia), multilaterals 

(e.g., World Bank) and REDD+ projects. 

Going forward, an increasing part of the reforestation market will likely be funded by 

CO2 offset revenues. The climate agenda and the public decarbonization 

commitments made by the world’s largest corporates will be an important driver for 

demand. 

 

 

  



LIFE15 CCA/ES/000125 Deliverable Action D2 CONCLUSIONS AND RECOMMENDATIONS REPORT 

31 
 

5. Recommendations to ensure replicability and transferability  

The purpose of this section is to discuss possible strategies or measures that would 

allow the results obtained to be used in other areas (different from the replications 

made) and to inform policy-makers at local, regional and EU level about existing best 

practices. 

As the The Green Link is a project that is being developed in different countries 

around the Mediterranean basin, the field of action is increasing, which benefits from 

the emergence of different opinions, recommendations, and suggestions that lead to 

new strategies for disseminating results and transferring knowledge. 

This section presents a brief description of the political context of the LIFE 

programme, set up by the European Union, from its inception to the present day. It 

is followed by a series of recommendations to ensure the replicability and 

transferability of the results obtained in the framework of the LIFE The Green Link 

project. These recommendations were made by all the project partners and were 

later unified and summarized, agreed upon and reflected in the final report. 

 

5.1 Political Context 

The Green Link Project's objectives are linked with current European policies on 

climate change, organic farming and ecosystem restoration. The Green Link project 

can be considered an example of implementation of such policies, on a small scale. 

Spain elaborated in 2019 a bill on Climate Change and Energy Transition, whose 

objectives are: to regulate the fight against climate change, to promote the energy 

transition and change in the production model and to boost measures for adapting to 

climate change. Adaptation policies will be based on updated scientific knowledge 

about the impact of climate change on human and natural systems (Proyecto de ley 

122/000017, 2019). 

Within its general objectives, there are three that are closely linked to the Green Link 

project aims: 1. to make effective the measures aimed at reducing the vulnerability 

of natural and human systems to current and expected effects of climate change, 

which constitute adaptation to climate change; 2. to ensure that the process of 

energy transition and adaptation to climate change takes into account social justice 

on the affected sectors; 3. to promote culture and citizen complicity regarding the 

ecological transition and climate change (Proyecto de ley 122/000017, 2019). 

This law also emphasizes the promotion of ecological agriculture, seeking to establish 

it in 20% of the cultivated area in Spain by 2030. It contemplates promoting the 

creation of a Strategic Plan for Ecological Production, in collaboration with the 

Autonomous Communities, which can be carried out in a balanced manner throughout 

the State and which achieves the strengthening of the resilience of agricultural 

systems in the face of climate change (Proyecto de ley 122/000017, 2019). 
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The law also promotes the development of a National Plan of Adaptation to Climate 

Change, which has as its general objectives the assessment of risks and impacts of 

climate change in Spain and the definition of a general long-term strategy to minimize 

damage and manage crises resulting from climate phenomena. The new government 

is expected to approve this law during the first 100 days of this year (Proyecto de ley 

122/000017, 2019). 

Concerning the case of Greece, there is a law that supports the protection of the 

following objectives: to restore the environment, to retain the ecological balance of 

the ecosystems, to ensure that the natural resources can be renewed and the rational 

utilization of non-renewable or rare in relation to current and future needs and criteria 

to protect the environment. With the provisions of this law (ΦΕΚ 160/Α/16-10-86) 

are sought: the soil protection, the protection of the atmosphere, the awareness 

raising of the local communities for the environmental issues. 

To this direction, Public Power Corporation S.A. (PPC), the biggest power production 

and electricity Supply Company in Greece, implements a restoration plan for lignite 

mines. West Macedonia Lignite Centre (WMLC) is a complex of open-pit mines that 

occupies a large area. Environmental protection is one of the major parameters 

defining WMLC‘s overall strategy and its daily operational mining activities. WMLC 

has carried out numerous land reclamation projects, creating farmland, tree 

plantations and woodland, sanctuaries for small animals and crop testing areas. The 

total area that has already been restored is 4,500 ha. PPC’ targets on land 

reclamation through the implementation of innovative technologies in the overall plan 

approach. 

At European level, the EU strategy on adaptation to climate change is a policy 

instrument with little administrative implications for most stakeholders that has 

succeeded in focusing decision-makers on the need to prepare for climate hazards. 

The strategy has acted as a reference point, i.e. focusing and catalyzing action at 

other levels of governance. In addition, it has successfully channeled efforts to 

continue to ensure that EU level policies and budgets integrate climate change 

considerations (EC, 2018). 

In another hand, the Green Infrastructure Strategy aims to ensure that the 

protection, restoration, creation and improvement of green infrastructure becomes 

an integral part of territorial planning and development (EU, 2013). This policy forms 

part of Biodiversity Strategy, established in order to halt the loss of biodiversity and 

ecosystem services in the EU, specifically is part of the actions proposed for the 

fulfilment of the second objective, in which it is promoted: "by 2020, ecosystems and 

their services will be maintained and improved through the establishment of green 

infrastructure and the restoration of degraded ecosystems" (EU, 2019). The vision of 

European Union for the year 2050, and as the follow up target of the year 2020, is 

to protect, value and appropriately restore our biodiversity and the ecosystem 

services it provides – its natural capital – for their intrinsic value and essential 

contribution to human wellbeing and economic prosperity. Consequently catastrophic 

changes caused by the loss of biodiversity will be avoided (EC, 2010).” 

The Common Agricultural Policy (CAP) is a policy common to all European Union 

countries established in 1962. Among its objectives there are three that are related 
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to our project: 1. to support farmers and improve agricultural productivity; 2. to 

contribute to the fight against climate change and the sustainable management of 

natural resources, and; 3. to preserve landscapes and rural areas throughout the EU 

(EU, 2019). One of its main pillars is to be able to support the EU rural areas and 

thus respond to the various economic, environmental and social challenges of the 

21st century, ensuring the sustainable management of natural resources and climate 

action and achieving a balanced territorial development of rural economies and 

communities, including the creation and preservation of jobs (EU, 2019). 

From the CAP, the EU also seeks to help its countries address the problems facing 

their forests, building on the EU Forest Strategy. This strategy aims to promote the 

concept of sustainable forest management, which aims to safeguard and achieve the 

balanced development of the multiple functions of forests and the efficient use of 

resources, at national and regional levels. 

The European Green Deal is a set of policy initiatives designed to boost the efficient 

use of resources by moving towards a clean and circular economy and achieving the 

restoration of biodiversity and the reduction of pollution in Europe. Its ultimate goal 

is to make the EU climate neutral by 2050. This deal proposes to create the European 

Climate Law that will turn political commitment into a legal obligation and a trigger 

for investment, by targeting eight main policy areas Clean energy, Sustainable 

industry, Building and renovating, Sustainable mobility, Biodiversity, From Farm to 

Fork, Eliminating pollution and Climate action, on which the Life The Green Link 

project has worked in these four years (EU, 2019). 

Of course, Habitats Directive is a very important element for the practice of ecological 

restoration in Europe. State members are responsible to take the measures for 

guarantee the conservation and restoration of community interest habitats and 

community interest species. It should be noted that sometimes national or regional 

laws, and natural sites management plans, constitute barriers for the restoration or 

conservation of those spaces. 

In the global context, the United Nations established that this year 2020 marks the 

beginning of the Decade on Ecosystem Restoration. A period of 10 years is proposed 

to carry out the restoration of 350 million hectares of degraded terrestrial and aquatic 

ecosystems that will generate a greater provision of ecosystem services. Ecosystem 

restoration generates benefits for food security, climate change mitigation and 

adaptation, and can also prevent conflicts and migration caused by environmental 

degradation (UN, 2020). 

The UN Decade promotes ecosystem restoration as a nature-based solution to 

achieve global and national development goals. This requires strong commitments 

and efforts by countries, the international community, civil society, business, and 

other stakeholders to focus on meeting the objectives of the decade. which can be 

summarized as showing successful government-led and private initiatives to stop 

ecosystem degradation or restore them, improving knowledge sharing by connecting 

initiatives working in the same landscape, region or theme, to increase efficiency and 

impact, and bringing in a broader spectrum of stakeholders, especially from sectors 

not usually involved  (UN, 2020). Objectives that coincide with those developed 

during the Green Link project. 
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It is expected that this declaration from UN trigger the required investments, that is 

a first step needed for generalizing restoration projects around the world, since the 

insufficient funding is one of the main factors that hamper ecological restoration, 

jointly with low political priority, conflicting interests of different stakeholders and the 

lack of integrated land use planning (Fisher et al., 2019).  

Finally, it should be noted that, on some occasions, LIFE projects have had problems 

in carrying out their actions, due to the bureaucratic processes that must be followed 

in European countries, especially if the project is carried out on public land. An 

example of this is the LIFE Desert-Adapt project, in which the partners in Italy have 

had to stop their planting activities on public plots, due to the long procedures and 

response times by the local administrations (bureaucracy-driven desertification). 

  

5.2 Recommendations 

5.2.1 Knowledge application for decision making 

It is necessary to promote more instruments that manage to transmit the knowledge 

and techniques acquired in the LIFE projects, to the different stakeholders, 

implementing this knowledge in the decision making process at different levels. To 

this end, it is essential to interact with new stakeholders, such as policy makers 

(municipalities, governments, Directorate of Development Planning, Environment 

and Infrastructure), scientific associations that develop restoration projects (Global 

Alliance for Forest Landscape Restoration, International Foundation for Ecosystem 

Restoration, International Society for Ecological Restoration, agricultural or 

environmental colleges), social actors (NGOs, agricultural cooperatives, landowners, 

environmentalists, voluntary associations) and research centres. Actors that may be 

far from the areas of study, but that we consider key when it comes to disseminating 

the results of LIFE projects, in this case The Green Link project that can be useful in 

other geographical areas, helping to improve their adaptation to desertification, water 

scarcity and the risk of forest fires. Best practice projects like those admitted in LIFE 

Nature strand could be very suitable to this purpose. 

 

5.2.2 Focus on most vulnerable areas to climate change 

Geographical areas with more natural constraints and vulnerability to climate change 

require greater efforts to achieve adaptation to climate change and mitigate its 

effects. An example of this is the Mediterranean semi-arid region, an area with 

characteristics of degradation and abandonment that make it vulnerable to the 

various risks of climate change (desertification, forest fires, loss of biodiversity). 

Factors of global change such as depopulation, abandonment of crops, loss of 

extensive livestock and the lack of forest management only increase exposure and 

sensitivity to the impacts of climate change. The LIFE project The Green Link presents 

Cocoon technology as a solution for the rehabilitation of these areas, turning them 
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into agroforestry landscapes that reduce their vulnerability and help to create green 

jobs and improve local economies. 

It has to take into account the importance that can reach the Cocoon in the context 

of the new decade of ecosystem restoration declared by the United Nations, which is 

expected to increase the restoration activity during this decade. The Cocoon 

ecotechnology could help to combat desertification and reduce the vulnerability of 

biodiversity and ecosystems to climate change since it is an available technology for 

helping restoration programs in arid and semiarid climates, through the improvement 

of the planting results and seedling establishment. At seedling scale, Cocoon 

increases survival ratios and improves the physiological state. This could be explained 

by a reduction of the evapotranspiration, an increase of water infiltration and a 

deeper and more developed roots, for which they are more resilient to water scarcity. 

The Green Link has shown that the Cocoon could be an interesting option for applying 

the translocation of endangered or key species, which could help to increase or 

maintain biodiversity and ecosystem resilience in semiarid and arid areas. Moreover, 

since the project has been carried out in areas near or in Natura 2000 sites, the 

contribution of the project to the integrity and connectivity of this areas could be 

important. However, the effects of this contribution will be more evident at the mid-

term, despite after three years of planting its contribution is still incipient due to the 

slow restoration dynamics in arid and semiarid climates, like those of The Green Link 

(where the use of the Cocoon increases seedling establishment and is cost effective).  

 

5.2.3 Forest fires 

The fire regime in the Mediterranean basin is characterized by high recurrence. The 

use of the Cocoon in the restoration of areas highly affected by forest fires, with low 

or without natural regeneration, where the fire and drought triggered a desertification 

process, could be an interesting option. The experiences in restoring burned areas in 

The Green Link project demonstrated that the Cocoon could help establish species 

that in other case would not enter, or would do this only after a long time. In case of 

fire resistant species, like Pinus canariensis or Olea europaea subsp. guanchica, the 

forest surface can be spread independently of fire recurrence in arid or semiarid 

areas, reaching a reversion of the desertification process. 

On the other hand, although fires occur mainly during climate conditions of prolonged 

drought and high temperatures, forest composition and structure greatly influence 

fire risk. The application of the agrosilvopastoral landscape restoration models, 

combining rainfed agriculture, dehesa and forest, could also help to reduce the forest 

fires risk and vulnerability in areas without forest management and with high forest 

density, like those occupying large areas in the Mediterranean basin. Forest 

management should optimize the capacity of existing and new forests to act as sinks 

and as a source of renewable energy and sustainable construction materials, 

promoting forest resources, both carpenters and non-carpenters. Arrangement of 

roads for fire prevention is aimed at reducing the vulnerability of the forest system. 

In addition, the application of those models could help also to reduce forest fires risk 

and vulnerability in post-fire scenarios. Moreover, the replication of those models 

could help to create green jobs in rural areas, contributing to rural development. 
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In general it is necessary to take measures aimed at reducing the vulnerability of the 

European forests, optimize their capacity to act as sinks and as a source of renewable 

energy and sustainable construction materials. A special focus must be foster 

management that reduces the risk of wildfires, and leverage forest biomass and 

retrieving agroforestry and pasture mosaics from more adapted local species 

physiologically to climatic conditions, and promote forest resources, both carpenters 

like non-carpenters. Arrangement of roads for fire prevention is aimed at reducing 

forests vulnerability. 

 

5.2.4 The private sector in climate change adaptation 

It might be appropriate to encourage the private sector to finance climate change 

adaptation projects, based on the premise that the business sector will be highly 

affected by the effects of this driver of change. Therefore, corporations must become 

more resilient to climate change by developing specific projects for that purpose, 

which not only generate economic benefits, but also social and environmental 

benefits at the local and regional level. In the case of Green Link, it has been 

interesting to show the results of the implementation of Cocoon technology to 

companies that must carry out land restoration or reforestation processes, thus 

guaranteeing the participation of the private sector, the development of new 

adaptation projects and the replicability of our LIFE project. Moreover, engaging the 

private sector is mandatory in order to face the transformation of abandoned lands 

into new multifunctional and biodiverse systems, mainly in the Mediterranean basin. 

The Cocoon technology could help to this reducing the costs and increasing the 

viability of these transformations. 

 

5.2.5 Green corridors between regions and between bioclimatic floors 

Future restoration projects could help reduce natural areas fragmentation by 

establishing green corridors that connect habitats. Planting agricultural species could 

help to maintain the elements of biodiversity (genetic, species, community), and the 

provision of ecosystem services, connecting different stakeholders, creating green 

jobs and contributing to local economies. This is a great challenge considering the 

expected future climate conditions. Changes in bioclimatic and vegetation levels are 

predicted in the Mediterranean basin. The adaptation to these changes could be 

facilitated by the creation or management of these corridors, using species adapted 

to foreseeable changes. 

 

5.2.6 Environmental education 

Foment educational workshops where topics such as ecosystem services in arid 

zones, ecological restoration, climate change, and future scenarios are addressed. 

This contributes to making stakeholders understand the environmental reality of their 

region, enabling them to identify and assess the suitability of projects and 
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technologies in their specific context and to elaborate implementation scenarios. This 

could be achieved through collaboration with existing agroforestry vocational schools 

in rural areas, since they have the appropriate environmental knowledge and the 

necessary skills to train the stakeholders. 

This could be achieved through collaboration with existing agroforestry vocational 

schools in rural areas. Since they have the appropriate environmental knowledge and 

the necessary skills to train the new stakeholders. The project results in 

communication can be improved through the realization of demonstration projects, 

like the one currently being carried out in Catalonia. This is the case of a project that 

was initiated in 2019 in collaboration with the Emys Foundation in Girona. This project 

allows visiting different scenarios in which the Cocoon eco-technology could be used, 

either for the establishment of dry farming or for the restoration of natural and semi-

natural landscapes. In addition, the possibility of organizing workshops and meetings 

with different groups of stakeholders (landowners, farmers, technicians, students, 

etc.), allows the dissemination of project results, especially the benefits of Cocoon 

technology. 

Another interesting experience is in Almeria, where the project coordinators joined 

forces with the vocational training schools in the region where the demonstration 

area is located, training their students in Cocoon technology and the importance of 

ecological restoration in arid areas, to the point of including these topics in their 

curriculum. Reciprocally, students and professors participated actively, voluntarily, in 

the planting processes with Cocoon and the surveys on the social perception of 

landscape changes before and after the project implementation. 

 

5.2.7 Foster restoration actions near urban and populated areas 

According to the experiences obtained, implementing restoration projects in isolated 

areas far away from city centers present relevant difficulties in the engagement of 

stakeholders and in the awareness raising amongst citizens, thus reducing sensibly 

the replicability potential. Restoring near populated areas facilitates giving response 

to the increasing demand from urban population to participate in environmental 

restoration activities. Therefore, we suggest to include in projects actions in visible 

places in the neighborhood of urbanized areas to foster the project's replicability and 

transferability. 

 

5.2.8 Bureaucracy constraints 

It should be noted that, on many occasions, LIFE projects have had problems in 

carrying out their actions, due to the bureaucratic processes that must be followed 

in European countries, affecting interventions on both public and private lands. 

Sometimes national or regional laws, specific natural sites management plans or 

competent administration proceedings constitute barriers for the restoration or 

conservation of those spaces. 
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Administrative issues cause very significant delays in the restoration of natural 

ecosystems, often involving a serious drawback for the timely restoration of damaged 

natural protected areas. Amongst them, we mention in particular the need for an 

Environmental Impact Assessment, requiring the preparation of a huge amount of 

documentation but, most worrying, subjecting interventions to the response time of 

responsible authorities that are often not aligned with seasonal requirements. As an 

example, the LIFE DESERT-ADAPT project since autumn 2019 is not able to 

implement its DAM, including a replication of cocoon technology, as in 6 months no 

reply has been received on the request. 

Another example concerns complicated public tender procedures. The time-

consuming procedures for a public invitation, combined with the limited accessibility 

to such procedures for SMEs (as is the case f.e. in Italian MEPA) often leads to huge 

delays in the implementation of projects.   

 

5.2.9 Increase complementarity of direct and indirect funding programs 

Novelties developed in LIFE projects may better find their way to implementation by 

target groups if such groups could use limited financial support from regional funds 

to innovate their processes or equipment. Such support in turn helps the companies 

that developed the innovation to more quickly conquer the market and boost the 

uptake of climate change adaptation innovations and therewith the environmental 

impact of the invested funds.    

 

5.2.10 Information about habitats and species  

It has been detected in several projects where the partners have participated and 

from inputs of different stakeholders engaged on those projects (universities, 

research centers, private companies, consultants, public administration) a dispersion, 

understructure and lack of relevant monitoring information about pressures and 

threats, but also management and restoration, of protected habitats and species. 

This is especially true regarding long term effects. Long term monitoring schemes 

taking profit of restoration projects and others (national, regional) are recommended. 

However, a previous standardization process about methodologies, indicators and 

databases is mandatory. 
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5.2.11 Coal Region in transition and phase out coal 

A number of governments in Europe have announced their intention to phase out 

coal. A total of 72,8 GW of coal power capacity is located in countries which have 

announced they will phase out coal by 2030 or earlier, putting the coal plants in these 

countries on a pathway to closure. As it is obvious, a large area of exhausted coal 

mines is available to be restored. Cocoon technology has already applied in similar 

areas in Greece. For those countries that have not yet a certain plan for restoration 

of coal mines, the Green Link concept seems a cost effective solution to be 

incorporated in the scale up plan. In addition, taking into consideration that the same 

companies operate both of the power plants and coal mines, this leads to getting 

rights through CO2 sequestration because of the restoration of areas. Based on 

European Emission Trading System (EU-ETS), the power plants could achieve rights 

to CO2 sequestration through restoration of coal mines for a certain time period. 

However, due to the phase out coal phase, this land can be exploited by other 

companies interested on CO2 rights. In addition, this underused area could be a new 

market opportunity in case that it can be incorporated in new projects of bioeconomy 

sector (e.g. utilization of residues for feedstock in biorefineries plants). 
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