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Abstract  
Total greenhouse production area in Portugal is about 3,000 ha with a tendency 

for expansion, and tomato is the most important greenhouse crop. Protected cultivation 

in Portugal modernized in recent decades but remains heterogeneous in terms of 

technology, yields and management. The sector organizational structure and 

technological trajectory is characterized by increased greenhouse area per grower and 

higher volume/covered area ratio, and soilless cultivation has expanded. Therefore, less 

expensive alternatives may arise as the common solution for the sector. Most of the 

greenhouse area (about 75%) corresponds to single and multiple plastic tunnels with semi 

automatic or automatic climate control. The use of glasshouses with fully controlled 

environment remains minor, due to the high costs of equipment, energy consumption, and 

limited expertise and technical support for local conditions.  

Greenhouse horticulture has an undesirable environmental impact which must be 

properly monitored and minimized, while guaranteeing its socio-economic benefits. In 

addition, there is more strict environmental EU legislation and stakeholders are more 

informed which puts pressure on the greenhouse industry in order to use more efficiently 

resources and minimize its environmental impact. However, the Portuguese sector still 

lacks relevant quantitative information and standards on performance indicators, e.g. 

resource use efficiency (e.g. water, energy) and related economic/environmental 

performance. A SWOT analysis is presented for the most important greenhouse 

production areas in Portugal and guidelines are suggested for more competitive and 

environmental sustainable greenhouse production.  

 

Keywords: Mediterranean, protected cultivation, sustainability, water use, SWOT. 

 

Protected cultivation geography and labour 
In the beginnings of the 1970’s there were about 100 ha of greenhouses in 

Portugal, mostly localized in Algarve (south of Portugal). Nowadays, the total area is 

estimated to be around 3,000 ha. About 70% of this area is used to grow fruits and 

vegetables (F&V) and the remaining area to ornamentals. The three most important 

production regions are Lisbon and Tagus valley (LTV), Algarve, and the North (Entre 

Douro & Minho). Vegetable production is concentrated in the LTV region and in Algarve. 

Tomato, lettuce, small fruits (e.g. strawberry and raspberry), melon, and green beans are 

the most relevant F&V. Ornamentals (mainly cut-flowers) are produced in LTV region 
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(e.g. Montijo, North, and Alentejo (Odemira)). Carnation, rose, and gerbera are the most 

important ornamental crops. The horticulture sector is based on small farm units (< 1 ha), 

family owned and operated with low degree of specialization (several crop species) and 

limited economic resources. The largest greenhouse enterprises are mostly located in 

south Portugal, and are highly focused on exporting. Just like other agricultural sectors, 

the unqualified work is paid at 3-5 €/hour depending on the region which is still 

competitive as compared to EU countries but not with countries like Morocco (about 

1€/hour). The recent trend, consists in the use of immigrant labour (e.g. from Ukraine, 

Romania, Thailand and Brazil) to compensate labour shortage and the limited 

attractiveness of the activity by locals.  

 

Greenhouse technology evolution  

Low cost greenhouse structures and technologies were commonly used in the 

1960’s, in the Algarve, where environmental conditions were highly favourable (Table 

1), and also in the region south of Lisbon (Montijo). Chapel type greenhouses, with 

wooden structure with lateral ventilation, alone or combined with roof windows and a 

plastic film cover were used. Sector’s evolution involved the increasing use of steel 

structures in combination with the slow expansion of greenhouse area to the north. A 

large expansion occurred in the mid 1980’s concomitantly with Portugal join the EU. 

Chapel type wooden greenhouses, were progressively replaced by single and multiple 

span plastic film structures (Meneses & Castilla, 2009; Meneses 2011). Nevertheless, old 

greenhouses type still persists in Algarve and LTV accounting about 10% of the protected 

cultivated area. Currently, single or multi-span tunnels plastic greenhouses represent 

more than 75% of the greenhouse area (Costa et al., 2012).  

The last decade has been characterized by an increase in the greenhouse area per 

grower, more modern greenhouses, higher yields, and larger use of soilless cultivation. 

Glass covered greenhouses area is minor due to high installation costs (100-120 €.m-2) 

which is 5-10 times larger than 10-20 €.m-2 for a multi-tunnel with a metal structure) 

(table 2). Recent projects promoted by both foreign and Portuguese investors near Lisbon 

(e.g. Alcochete) and in Alentejo (e.g. Odemira) have adopted glasshouse technology and 

there are plans for the expansion of about 180 ha in Alentejo, near Odemira, mainly for 

berry production, with emphasis on raspberry. In Algarve, berries are being produced in 

modern 6 m high plastic greenhouse structures, whereas in the Ribatejo & Oeste, lettuce 

is cultivated in floating system. Unfortunately, most of the modern technology (structures, 

climate control systems, pesticides, substrates, fertilizers, know-how) supporting these 

investments, is imported, and there is in some cases a limited incorporation of national 

added value. However, the number of Portuguese companies specialized in greenhouse 

equipment that start competing in the international market has increased, although in 

some areas there might be limitations regarding assistance to glasshouse systems.  

Some Portuguese companies produce substrates (namely for pot plant production 

and for berries) and are actively exporting. These companies may also take advantage of 

the expansion and modernization of the greenhouse sector attending to the fact that 

fertigation and drip irrigation become more generalized and soilless cultivation tends to 

increase to overcome soil limitations (low fertility, high salinity, and soil borne diseases). 

The use of substrates is estimated to reach 10% of the total greenhouse area, with 

particular incidence in Algarve and LTV regions. The use of active environmental 

control, artificial lightning and carbonic fertilization is not significant. Heating is almost 

exclusively applied to cut flowers production (e.g. rose, gerbera) to guarantee quality 

during the winter period and also in plant nurseries, attending to the high costs of energy 

and heating equipment. Energy costs vary from 2.5-15 €/m2, depending on the heating 
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system and on the temperature inside and outside of the greenhouse (Meneses & Baptista, 

2009). Heating with natural gas costs around 1/3 of heating with diesel (Baptista et al., 

2012). The use of thermal and light screens also follows the most modern structures and 

is commonly used in nurseries. There is a large dependency (if not a total one) on foreign 

suppliers of starting material (e.g. cuttings or “stentings” for cut-roses and seeds for 

vegetables). In short, the Portuguese greenhouse cluster is still small and quite 

unbalanced, with very limited national capacity of technology supply.  

 

Trends in the environmental impact  

Intensive horticulture involves the intensive use of energy, water, biocides, 

nutrients (use and runoff) and the production of large amounts of organic (e.g. crop 

residues) and inorganic residues (e.g. cover plastics, mulching films or inorganic 

substrates) (Costa and Heuvelink, 2000; Costa et al., 2014; 2017; FAO, 2013; Andrade et 

al., 2014; Van Ruijven et al., 2014; Quintas-Soriano et al., 2016). Protected cultivation 

can optimize crop water use efficiency and minimize run-off (Stanghellini, 1988). 

However, the deficient control of irrigation and fertilization practices combined with high 

evapotranspiration typical of dry and hot climate of southern Europe (e.g. Portugal, Spain, 

Italy) may favour situations of over-irrigation and consequent overexploitation (and 

pollution) of aquifers (EEA, 2009; WWF, 2009). Predicted climate changes will 

exacerbate this problem in the southern Europe due to the increases in air temperature 

and decrease in rainfall (EEA, 2012). Water prices tend to increase, as policy measures 

are adopted to rationalize its use. Meanwhile, the amount of extracted groundwater is not 

properly monitored. This practice will become unsustainable on the medium-long term in 

southern regions like Algarve or Alentejo, due to their dryer and warmer conditions and 

increased competition for water resources with other sectors like tourism, especially 

during the summer.  

Rules to control soil and water pollution with nitrates involved the creation of nine 

vulnerable areas located in different regions under the scope of the EU-Water Directive. 

However, the region of Odemira in Alentejo should be classified as another vulnerable 

area attending to the intensive greenhouse horticultural production.  

The use of greenhouse closed cultivation systems in Portugal is limited and is 

being implemented only in recent projects. However, the problem of inaccurate 

management and related run-off nutrient solutions is common in intensive horticulture in 

the Mediterranean countries (Muñoz et al., 2012) and needs better control to avoid soil 

and ground water pollution. Recycling of plastic, crop residues and substrates should be 

considered by Portuguese growers and authorities to minimize the environmental impact 

of greenhouse horticulture. The EU Waste Framework Directive from 2008 emphasizes 

the need to improve management of substrate residues (e.g. improving the reuse) and 

reduce the volume of substrate used per plant/crop (Diara et al., 2012). Cogeneration has 

still a minor use. Recently a partnership between a Portuguese energy company and a 

growers association permitted to install a new large cogeneration unit in Oeste (north of 

Lisbon). Integrated pest management is increasing, and the improved quality of 

greenhouse structures facilitates this practice.  

The method of life cycle assessment (LCA) has been the preferred method to 

quantitatively compare greenhouse against field production (Roy et al., 2009). LCA 

accounts for many quantifiable externalities of agriculture, including climate change 

(emission of greenhouse effect gases), stratospheric ozone depletion, photochemical 

ozone formation, acidification of water bodies, nutrient enrichment human toxicity via 

air, soil and water, and ecotoxicity. However, waste production is seldom included in the 

analysis (Bernstad et al., 2016), therefore under accounting the production of vegetable 
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waste, greenhouse plastic and chemical containers. Also, LCA lacks in spatial and 

temporal depth, and is unable to assess sufficiently some environmental impact categories 

such as biodiversity, land use etc. and most economic and social impact categories, 

including food security, water security, energy security (Arodudu et al., 2017), and visual 

impacts (Rogge et al., 2008).  

Greenhouse production compares favourably in most LCA inventory 

(consumption) categories per unit produced (Almeida et al., 2012; Page et al., 2012), 

namely, for fertilizer consumption, active pesticides, water requirements, and fuel 

consumption. Given the much higher productivity of greenhouse systems (kg/m2), its 

consumption per square meter of occupied land is higher, though. 

In what regards the impacts, the results are mixed, being the magnitude of the 

impacts mostly dependent on type of production system and operational variables (Page 

et al., 2012; Bartzas et al., 2015). For instance, Page et al. (2012) found high-tech 

greenhouses to have a larger carbon footprint, per kilogram of tomato produced (mostly 

due to heating requirements) than medium and low-tech greenhouses and of field 

production. On the other hand, the water footprint was comparable to that of field 

production, but much lower than medium and low-tech greenhouses. Opposite results 

were found when comparing field production and greenhouse in Spain and Italy (Bartzas 

et al., 2015) 

Modernization of the greenhouse management together with the implementation 

of closed fertigation systems, especially in large production areas and better territorial 

planning, may help to minimize many of the environmental impacts of the sector, though 

a casuistic approach should be used when deciding for alternative production systems, 

balancing economic and environmental aspects.  

 

Marketing and agro-logistics 

Only 10% of the production value results from grower’s organizations, in contrast 

with an average of 30% in the EU (MADRP-GPP, 2008; 2009), reflecting a poor 

commercial organization of the upstream supply chain operators. The number of growers 

associations is excessive (e.g. 898 agricultural cooperatives and 133 agricultural finance 

cooperatives), weakening the bargaining position of growers and restricting their 

contribution towards the improvement of governmental policies. Marked changes 

occurred in the retailing sector with the introduction of modern distribution in the mid 

80’s (super and hypermarkets). The market of ornamentals was characterized by the 

expansion of garden centres, florists and open-markets. Flower bunches are also starting 

to be sold in the super and hypermarket.  

In parallel, the agro-logistics have experienced a deep transformation to support 

the activity of the large retailers and the exporting companies. Several logistic platforms 

were installed near the large consumer centres (Lisbon, Oporto). Cooling stores have also 

expanded and modernized. However, the use of appropriate pre-cooling technologies 

remains limited, with most of the products being room cooled (e.g. flowers). Some large 

retailers have their own group of growers and also their own logistic structure. Others 

contract specialized logistic providers. This is particularly important when dealing 

perishable products like F&V. The large distribution “smashes” production prices. 

However, it is also a fact that only some few Portuguese growers can supply the large 

retailers, and even those, can find sometimes limitations to guarantee uniform quality of 

F&V along the year. In certain occasions, prices from French and Spanish growers can 

be more competitive than the Portuguese ones with regards to fruits and vegetables, 

respectively.  
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Prospects and strategies   

A brief SWOT analysis for Portuguese greenhouse horticulture is shown in table 

3. Portugal has strengths (climatic conditions, labour costs, investment prospects, etc.), 

but also some weaknesses that need to be overcome. One is the lack of up-to-date 

statistics, which affects negatively data availability for analysis. Statistical data must 

translate the specific characteristics of the sector and their publishing rate should be 

compatible with the changes occurring, namely in the cultivated area, technology, 

productivity, starting material, infrastructures, auxiliary industry and markets. Specific 

annual enquiries to cropping systems and biennial enquiries on the technological 

infrastructures, use of inputs (e.g. water, nutrients, energy) and financial data (input costs, 

selling prices) would provide useful information about the sector. This sector requires 

more qualified labour, and more professional organization at different levels of the 

production chain. Consolidation and scale are required at the production level, via larger 

grower associations with professional technical and commercial management, especially 

if the focus is to supply the large retailers and the exporting market. Nevertheless, small 

greenhouse operations can still coexist to supply proximity markets (e.g. small markets, 

open market places) with high quality products. In fact, direct sales from small farmers 

to the consumers should be promoted, as a way to (re)vitalize the local commerce either 

in the large or small cities. 

Consumers are increasingly concerned with more environmental sustainable 

production, which involves strategies to minimize the impact on natural resources 

(Quintas-Soriano et al., 2016). This applies in particular to those areas or operations in 

more sensitive areas (e.g. Odemira, in Alentejo) or in the vulnerable areas, more prone to 

water and soil contamination by nitrates due to soil characteristics (e.g. Póvoa de Varzim 

in the north of Portugal, or the Campina de Faro in Algarve) (Costa et al., 2014). 

Optimized irrigation facilities, monitoring of soil and water quality or the recycling of 

nutrient solutions need to be seriously addressed in future investments, especially in the 

large scale projects and incorporated in new environmental legislation.  

The private sector should be more involved in technological innovation but lacks 

the support of competitive research structures, with enough critical mass to cover the 

major areas of horticultural research (Almeida, 2012). Public and private research 

activities with more active participation of the bank sector can be envisioned. Most of the 

larger Portuguese growers still struggle to enter the international markets, but the case of 

foreign growers in the country, with deep knowledge of supply chains, may be spread as 

an example. The clusterization of the sector should be promoted to increase its 

competitiveness, at both the production and the related auxiliary industry. The greenhouse 

cluster in the Spanish region of Almeria (Aznar-Sánchez & Galdeano-Gómez, 2011) is 

an example, although at a quiet different scale from the Portuguese reality.  

The acquisition of specialized competences in the F&V cluster by the agency to 

promote foreign trade and investment (AICEP) would benefit the sector. Since 2010, a 

new private association (PortugalFresh) was set up to promote Portuguese F&V and 

flowers, by presenting national products in different professional fairs of the sector. 

Increased competition from the greenhouse production in Morocco, where labour costs 

are low and the recent agreement with the EU will increase tomato imports and of other 

vegetables from that country. This is a matter of concern to south European greenhouse 

horticulture (CIHAM, 2012) although there are still limitations regarding logistics, road 

infrastructures and water resources in Morocco.  
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Tables and Figures 

 

Table 1 - Climate data for some relevant regions in Portugal and other foreigner 

competitors (Spain, The Netherlands and Morocco).  
Country/Region City/Town T (ºC) 

(min. Jan) 
T (ºC) 

(max. Aug) 

RH (%) 

(Aug) 

Frost 

(n.days) 

Insolation 

(n. hours/year) 

Rain 

(mm) 

Portugal1        

    Algarve1 Faro 9.0 24.0 63 1 3158 453 

 Tavira 7.0 29.8 60 5 3135 545 

        

    Alentejo (coast) Zambujeira Mar       6.0 19.5 72-88 6 2550 --- 

 Alcácer do Sal 4.7 28.0 67 32 2907 589 

        

    Lisbon-Tejo 

    Valley (Oeste) 

Montijo * 6.0 28.0 70-75 20-30 >2900 --- 

Lisboa 7.4 29.2 70 2 2788 694 

 Caldas Rainha 6.6 23.8 78 16 2457 608 

 Dois Portos 4.9 27.0 74 20 2486 596 

        

    Centre Figueira Foz 6.6 22.9 85 0 2627 627 

 Mira 5.2 24.1 78 32 --- 1003 

        

    North  Póvoa Varzim 6.0 23.0 72-80  2390 --- 

 Porto 4.9 23.3 79 4 2427 1110 

 Santo Tirso 3.7 28.5 70 11 2384 1337 

 

Spain2 

 

Almeria 

 

8.0 

 

31.0 

 

64 

 

--- 

 

2972 

 

196 

        

The Netherlands3 Roterdam 1.0 22.0 --- --- 1542 815 

 

Morocco 

 

Agadir 

 

7.9 

 

26.1 

 

--- 

 

--- 

 

3037 

 

292 

Sources: 1Serviço Meteorológico Nacional (1965); http://www.meteo.pt/. 
2,3http://www.climatedata.eu/climate, acessed at 22/05/2012; 2,3Costa and Heuvelink (2000). 

 

 

Table 2 - Non exhaustive characterization of the main structures used in greenhouse 

cultivation in Portugal and related technology, prices and trends. 
Type of 

structure 

Regions Ventilation Heating Cogeneration Cost 

(€/m2) 

Automation 

 

Future 

trend 

Tunnel (no 

vertical walls) 

all none or lateral no no 3-8 no  

 
        

Chapel type (low) 

wood  

Algarve lateral windows no no 6-8 no  

        

Chapel type, 

wood 

LTV  

(Montijo) 

lateral and 

permanent (roof) 

no no 8-10 for some 

crops 

 

 
        

Chapel type 

(wood and steel) 

Centre lateral and 

permanent (roof) 

possible no 10-12 for some 

crops 

 

 
        

Multi-span (steel 

light structure) 

all lateral and/ or 

roof 

yes no 10-15 yes  

 
        

Multi-span (steel 

heavy structure) 

all lateral and/ or 

roof 

yes possible 15-20 yes  

 
        

Venlo type (glass, 

fully equipped) 

all roof yes possible 100-120 yes  
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Table 3 - Summarized SWOT analysis for the Portuguese greenhouse horticulture. 

Strengths Weaknesses 
 Climate (mild winters) 

 Land price 

 Labour cost 

 Transportation infrastructure 
 

 Lack of robust and up-to-date statistics 

 Labour availability 

 Know-how/Education level of players, technical-scientific 

capacity 

 Technical skills and limited use of diagnosis tools (soil and 

plant analysis)  

 Weak organization (growers and markets)  

 Credit for investment 

 Legislation/bureaucracy 

 Monitoring and law enforcement 

 Environmental impact (pollution, in particular in vulnerable 

areas and Natural Parks) 

Opportunities Threats 
 Increasing demand/quality  

 Investment prospects (private and public)  

 Agricultural education programs/facilities 

 Portuguese market and the need of food 

security 

 North European market (lettuce, tomato,    

small fruits)  

 Modernization of structures is needs 

 Foreign competition (Spain, North Africa) 

 Education, lack of professionalization 

 Appropriation of added value by the distribution 

 Pressure of urban areas (Ribatejo & Oeste, Algarve) 

 Climate change 

 

 

  


