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Introduction 

 Iceland is a country located in the northern hemisphere at 65º 00´ N, 18º 00´ W.  It is 

surrounded by the North Atlantic Ocean and the Greenland Sea.  Iceland’s population as of July 

2009 was approximately 306,694 people (CIA 2010).  Only one-third of this population, 

however, lives outside of the capital city of Reykjavik and its surrounding areas (GTI 2008).  

The climate is surprisingly temperate given Iceland’s close proximity to the Arctic Circle, 

because the North Atlantic Current often moderates the country’s weather patterns.  Iceland 

usually experiences cool, damp summers and mild, windy winters.  Iceland’s terrain consists of 

mostly plateau interspersed with mountain peaks, some ice fields, and a coast that is deeply 

indented by bays and fjords.  Additionally, Iceland lies almost directly on the mid-Atlantic ridge, 

which is one of Earth’s major fault lines (CIA 2010).  Because of this highly active tectonic area, 

the island is full of volcanic activity and hot springs. The major reason I am choosing to research 

Iceland is first and foremost because of their enormous potential for harnessing this natural 

geothermal energy.  The use of this natural energy source alongside other sustainable agricultural 

and horticultural methods can definitely contribute to a more energy efficient country.  While the 

people of Iceland have already implemented many sustainable strategies, the goal of this paper is 

to analyze these methods within a synergistic context. 

 Iceland has a total land area of 10,300,000 ha and is roughly the size of the state of 

Virginia, USA.  10,025,000 ha of this area are land and 275,000 ha are water.  The island of 
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Iceland has 4,970 km of coastline.  Of the land area, only 0.07% is arable land.  In terms of 

crops, 0% of land is used for permanent crops and 99.93% is for “other” uses.  Iceland’s total 

renewable water resources in 2005 are listed as 170 km
3
.  Important environmental issues that 

Iceland is currently dealing with include water pollution from fertilizer runoff and inadequate 

wastewater treatment (CIA 2010). 

Geography and Weather 

 Iceland is broken into eight geographical regions: the Höfuðborgarsvæði (Capital region), 

the Suðurnes (Southwest), the Vesturland (West), the Vestfirðir (Westfjords), the Norðurland 

Vestra (Northwest), the Norðurland Eystra (Northeast), the Austurland (East), and the Suðurland 

(South) (IAS 2009).  Iceland’s densely populated capital, Reykjavik, is located in the capital 

region.  Since 1901, Iceland has become less rural and more urban.  Only 6.5% of Iceland’s 

population still lives in rural towns, which are defined as having less than 200 people (IAS 

2009).  In terms of Iceland’s terrain, there is a very large percentage of the country that cannot be 

inhabited by people.  The interior of the country is comprised of arctic deserts, mountains, 

glaciers, volcanoes, and waterfalls.  Many of the coastal regions are also very sparsely populated.  

The majority of Iceland’s vegetation and agricultural lands are in lowland areas that are close to 

the coastline (GTI 2008).  Of Iceland’s 10,300,00 ha of area, 60,600 ha are rivers, 116,500 ha is 

birch forest and shrubbery, 174,700 ha are lakes, 1,032,600 ha is moss, 1,117,900 ha are icecaps, 

and 4,247,600 ha is uncultivated and barren land.  Only 2,700,900 ha are listed as heaths, grass, 

and cultivated land (IAS 2009).   

 Iceland’s warmest month of the year is usually July, when average monthly temperatures 

on the southern coast are from 10-12ºC.  Average highs in July are about 25º C.  Average 

temperatures are a few degrees cooler in the interior of the country, but the microclimate depends 
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largely on the specific geography of the area in question.  In winter, average temperatures are 

also quite mild given Iceland’s northerly latitude.  The southern coastal lowlands experience 

average January temperatures of 0-2ºC, while the majority of the other coastline has averages 

from -4-0ºC.  The central highlands experience the coldest average temperatures, usually staying 

below -10ºC in January (Ingólfsson 2008). 

Definition of Sustainability 

 The word sustainability can be defined in many different ways.  Ideas about what 

sustainability really means can vary greatly depending on the interests of the person or group 

involved in the discussion.  Quite frequently a Venn diagram is used to illustrate the desired 

relationships between economic, environmental, and social sustainability issues.  Figure 1 below 

is just one example of a sustainability Venn diagram.  Basically, sustainability is something best  

Figure 1. (GCBL 2008) 
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achieved when there is an intersection between the economic, social, and environmental sectors.  

While this particular diagram is fairly detailed and lists specific goals for overall sustainability, 

many sustainability Venn diagrams are very simple and quite vague.  Even in the diagram in 

Figure 1 does not address specific issues that would be pertinent to the horticultural industry. 

A much more in depth and focused definition can be found in a booklet called Icelandic 

Agriculture, which was published in 1997 by the Icelandic Agricultural Information Service.  

The following definition/guidelines is given verbatim regarding sustainability: 

-Agriculture shall be in harmony with the environment. Production capacity of 

farming land shall be improved from one generation to the next. 

-Emphasis shall be placed on land reclamation and afforestation. 

-A high standard of animal welfare shall be a prerequisite for livestock 

production. 

-The production of wholesome and pure foods shall be the cornerstone of 

Icelandic agriculture. 

-Quality control shall be encouraged throughout all production processes. 

-Determined efforts shall be made to strengthen certified organic production and 

other sustainable forms of agricultural production. 

-The countryside shall remain a viable and dynamic community. 

-The earnings and social conditions of the agricultural community shall be 

attractive enough to make farming a worthwhile profession. 

-The general public shall be made aware of the fact that the farming heritage is a 

cultural treasure that needs to be preserved (IA 1997). 

 
This definition is incredibly wide-reaching and quite specific.  All three aspects of the 

sustainability Venn diagram shown in Figure 1-environmental stewardship, social progress, and 

economic growth-are addressed by these guidelines.  Overall, this definition is likely much more 

useful to the people of Iceland than just the Venn diagram.  An important point made in this 

definition is that Iceland is actively seeking to improve and increase organic production and 

other sustainable forms of agricultural production.  In this sense, they are not limiting themselves 

by taking a “tunnel vision” approach to sustainability.  I believe that this idea is very important 

when trying to improve sustainable agriculture.  It is not enough to settle for a system of 
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agriculture because it is more sustainable than another said agricultural system; improvements 

and innovation are always necessary given the world’s huge population and our waning 

resources.   

 Iceland’s government seems to be taking this definition very seriously and is a part of 

over twenty international and regional conventions that deal with environmental issues.  Iceland 

also developed a Farmer’s Association in 2001 that is actively trying to promote sustainable 

agriculture and equal rights for all Icelandic farmers.  Land reclamation and afforestation are also 

being promoted through education by the Agricultural University of Iceland (CSD 16 n.d.).  

While legislation and definitions are helpful guidelines for farmers, production practices are the 

real substance of agriculture and horticulture, and will be discussed subsequently. 

Historical Production Practices 

 Iceland’s agricultural history can be divided into four main periods beginning with 

colonization and ending in the present.  The first occurred from approximately the year 900-

1900.  These years were characterized by self-sufficient farming and low overall crop 

productivity.  Cultivation of cold-hardy vegetables was done on a very small scale and livestock 

grazing was dominant (Helgadottir and Sveinsson n.d.).   

In the years from approximately 1900-1945, cultivation increased because of growing 

urban populations and concerns about food security.  The first artificial fertilizers were 

introduced along with the greenhouse.  Farming technologies were improved but still relatively 

primitive.  Overall, during this period more acreage could be farmed with less effort and 

manpower (Helgadottir and Sveinsson n.d.).  While land was being worked harder more towards 

the end of this period, Iceland was still relatively sustainable in terms of agricultural methods. 
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The third period spanned from approximately 1945-1980.  This post WWII era featured 

even newer fertilizers, pesticides, and more advanced machinery.  All of these advances 

seemingly made farming even more efficient (Helgadottir and Sveinsson n.d.).  Although 

Icelanders used these new products, they used them in moderation and therefore never polluted 

their lands or waters too heavily. Iceland’s cool climate was and still is a blessing in disguise in 

terms of pest and disease pressures; fewer plant pests and diseases can proliferate during the 

short Icelandic summers, and few can survive the long winters (IA 1997).  Farmers generally 

only have to worry about primary inoculums and the first generation of many insect pests when 

managing their crops.   

 Historically, Iceland’s agricultural industry and practices have been quite sustainable.  

Part of the reason for this can likely be attributed to the climate and soil conditions.  Iceland is 

such a small country and only a very small percentage (0.07 %) of the already small area is even 

arable.  Because of this, the agricultural industry has had no choice but to be sustainable.  If 

Icelanders had irresponsibly used and abused their precious resources, they would have put 

themselves in a tight spot.  Importing large quantities of food products to the island would not 

only have been challenging, but expensive as well.  

In the last thirty years Iceland’s production practices have finally “caught up” with the 

agricultural and horticultural technologies that most large industrialized nations possess.  

Regardless of the technological “lag” that was experienced in years previous, Icelanders have to 

agriculturally adapt to their environment.  Before the introduction of greenhouses, Icelanders had 

to grow crops that were particularly hardy to the country’s difficult agricultural climate.  

Centuries ago, Solanum tuberosum, Brassica rapa var. rapifera, Daucus carota, and certain cold 

hardy greens were the primary crops grown in Iceland.  Iceland does have a major asset in terms 
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of horticulture: geothermal energy.  Experiments using geothermal energy to warm the soil for 

growing potatoes date all the way back to 1850.  Geothermal experimentation continued in years 

following 1850, with one innovation being concrete ducts that carried hot water or steam from 

natural geothermal sources into fields in order to warm the soils. In some cases, geothermal 

energy was also used to disinfect soils.  Then in 1924, greenhouses were first introduced into 

Icelandic agriculture and horticulture.  With the advent of the greenhouse Icelanders used similar 

geothermal heating techniques like they had used to warm the soil, but now with the goal of 

heating their greenhouses (Adalsteinsson et al. 2003).  Overall, geothermal energy has been 

extremely important to agricultural methods in Iceland.  Without this natural resource Iceland 

would be fighting an uphill battle against the long cold winters and short days.   

 In the early years of greenhouses, supplementary lighting was neither technologically 

advanced enough nor practical for those few who did have greenhouses.  These greenhouses 

would only be used from six to eight months of the year because of the short day length.  In 2003 

however, it was estimated that 35% of the production area for vegetables were furnished with 

supplementary lighting (Adalstensson et al. 2003).  That percentage is likely even higher today 

and indicates that many more growers are able to utilize their greenhouses year-round. 

Current Production Statistics 

 Iceland’s agricultural sector focuses mainly on livestock and dairy production.  In 2006 

only 13.4% of Iceland’s total agricultural output was horticulture (vegetable) related.  

Additionally, only 5% of Iceland’s GDP comes from the agricultural sector.  Currently, there are 

approximately 3,045 farms in Iceland.  As of 1/1/09, only 36 of these farms were certified 

organic.  Iceland’s major vegetable crops grown in 2007 are as follows: 13,000 tons of Solanum 

tuberosum (potatoes), 1,603 tons of Lycopersicon esculentum (tomatoes), 1,343 tons of Cucumis 
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sativus (cucumbers), 860 tons of Brassica rapa var. rapifera (turnips), 526 tons of Daucus 

carota (carrots), and 515 tons of Agaricus spp. (mushrooms).  Of these crops, Solanum 

tuberosum and Cucumis sativus were produced primarily in greenhouses.  In 2008, 4.168 ha of 

Solanum tuberosum, 2.405 ha of Cucumis sativus, and 1.197 ha of Capsicum annuum (peppers) 

were produced in greenhouses (IAS 2009).  In 2003, a total area of 9.7 ha of greenhouse space 

was used to produce vegetables and in 35% of this area artificial lighting was used.  In the same 

year 5.3 ha of cut flowers were grown in greenhouses with 96% of the area using artificial lights.  

Light requirements for flowering combined with Iceland’s long, dark winters can likely explain 

this high supplementary light usage.  Also in 2003 a 1.2 ha area of potted plants and a 1.8 ha area 

of nursery stock/bedding plants were produced in greenhouses (Adalsteinsson et al. 2003).  

Statistics from 1997 show that approximately 80 ha of trees, shrubs, perennials, and annuals 

were grown outside by about 40 different nurseries (IA 1997). 

As of 1997, when the pamphlet Icelandic Agriculture was written, there were 

approximately 135 farmers growing various crops in greenhouses with a total area of about 18 ha 

(IA 1997).  There was not much of a change in these figures from 1997 to 2003, with the area 

only increasing from 18 to 18.5 ha.  Many of these greenhouses were built in areas that were 

very close to geothermal energy sources, in order to use either hot water or steam to heat the 

greenhouses.  Iceland does unfortunately, have very long, dark winters because of its 

geographical position on our planet.  Therefore, most greenhouse production in the winter 

involves supplementary lighting; there are also many instances where artificial lighting is used in 

the summer to increase yields in warm season crops (Adalsteinsson et al. 2003).  While many of 

these producers use less energy because of geothermal heating, the use of artificial lights through 
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fossil fuel consumption is an issue (IA 1997).  Sustainable technologies and practices that help 

decrease horticultural energy consumption and waste will be the topic of discussion next. 

Current Production Practices 

 Geothermal energy is a very important natural resource for not only Icelandic 

horticulture, but also in terms of overall energy consumption for the country.  Iceland uses 

approximately 34,000 GWh (gigawatt hours) of energy each year.  About 50% of this energy 

comes from geothermal energy sources and only around 32% comes from fossil fuels.  The 

remaining 18% is generated through hydroelectric processes (Arnason et al. 2001).  Compared to 

the majority of countries around the world, most of Iceland’s energy comes from sustainable or 

renewable resources.  Additionally, in 2001 it was estimated that only 2% of possible geothermal 

energy and only 22% of hydroelectric had been harnessed (Arnason et al. 2001).  These statistics 

suggest that Icelandic greenhouses could possibly become completely sustainable in terms of 

electricity consumption.  While hydroelectric energy can be considered a renewable energy 

source, the majority of hydroelectric power usage in Iceland is not used to directly power the 

horticultural industry and therefore will not be discussed in depth in this paper. 

In terms of horticultural energy use, in 2001 approximately 216 GWh of geothermal 

energy was used to heat greenhouses and approximately 15 GWh of geothermal energy was used 

for soil heating in about 10 ha of field vegetable production.  These amounts accounted for about 

80% of the total geothermal and hydroelectric energy used in Icelandic horticulture in 2001. 

Generally, geothermal energy is harnessed through the use of welded, thin walled steel pipes.  

The pipes transfer hot water or steam from the geothermal pools into the greenhouse 

(Adalsteinsson et al. 2003).  While this system could be seen as not completely sustainable 

because of the energy consumed to manufacture the pipes and other equipment needed to 
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accomplish the heating tasks, harnessing geothermal energy does not require the burning of fossil 

fuels or other materials that would release CO2 into the atmosphere.  The biggest problem 

concerning the use of geothermal energy to heat greenhouses is related to Iceland’s northern 

latitude.  The amount of radiation that is available to plants is far too low in winter, mostly due to 

the high angle of the sun’s incidence.  The short days and long nights also contribute to growing 

problems in greenhouses.  Supplementary lighting has to be employed if greenhouse production 

is to continue year round.  Therefore, in the winter geothermal energy is not very useful unless 

used in concert with supplementary lighting.  The irony of this is that if supplementary lighting is 

used, the amount of geothermal energy (in the form of steam or hot water) needed will be less, 

because the lights contribute directly to the heat levels in a greenhouse (Adalsteinsson et al. 

2003).  The most sustainable approach would be to use geothermal and/or hydroelectric energy 

to power a combination of steam heating and supplementary lighting.  Of course, controlling the 

consumption of energy used to heat and light greenhouses is also important.  An efficient climate 

control system that can help do this will be discussed next. 

 Optimization of plant growth while limiting energy consumption in a greenhouse is 

another way that Icelandic horticulturists have attempted to become more sustainable.  The 

Intelligrow system is a recent technological advance that helps accomplish this goal.  Intelligrow 

is software that is used in combination with a greenhouse climate computer and various sensors 

in order to monitor a greenhouse’s meso and microclimate.  The Intelligrow program uses 

various photosynthetic models-depending on the crop being grown-to determine proper 

temperature and CO2 levels and adjust them as necessary.  Trials of the system have resulted in 

energy savings from 8% up to 40%, depending on the time of the year (Aaslyng et al. 2000).  

This system can definitely help a greenhouse operation become more sustainable by eliminating 
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much of the energy waste that occurs when lights or heat are above levels that which plants can 

actually use. 

 For the last two decades Iceland’s horticultural industry has discovered that pumice can 

be a successful and environmentally friendly substrate for growing greenhouse crops.  Pumice is 

essentially volcanic rock that forms when lava with a very high content of water and gases is 

cooled after exiting a volcano (Mineral Information Institute n.d.).  Hekla pumice is widely used 

in Icelandic horticulture and comes from Iceland’s most active volcano, Hekla.  Hekla pumice 

can be used with or without soil as a growing medium for plants.  Because Iceland has an 

incredibly high amount of volcanic activity, the use pumice as a growing medium is a cheap and 

sustainable practice.  The pumice does not have to be imported into the country, saving money 

and carbon emissions.  Additionally, the pumice can be steam-sterilized and reused, which 

greatly increases the sustainability of the material.  Crops such as tomatoes (Lycoperiscon 

esculentum), cucumbers (Cucumis sativus), paprika (Capsicum tetragonum), roses (Rosa 

multiflora), and gerberas (Gerbera jamesonii) have and still are being commercially grown using 

pumice as a substrate (Gunnlaugsson 2000).   

Integration of Historical and Current Production Practices; Ranked Strategies 

 Given Iceland’s excellent record in terms of sustainability, ranking practices in terms of 

their sustainability is somewhat difficult.  Table 1 summarizes the ranked strategies I have 

chosen and the rationale for these choices.   

 The harnessing of geothermal energy for agricultural and horticultural uses in Iceland has 

been a staple of past and current production strategies.  It would be difficult to say whether this 

aspect of energy use has become more or less sustainable than it was in years past.  First off, 

geothermal heat is by definition very sustainable.  Iceland happens to be situated on a geothermal 
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hot spot; the geological make-up of this area is not likely to change for hundreds or even 

thousands of years.  Because there is a history of experimentation with geothermal energy that 

dates all the way back to 1850, it could easily be said that geothermal innovation was way ahead 

of its time.   

 In terms of the actual amounts of energy harvested, Iceland still has a huge amount of 

geothermal energy resources that lie untapped.  In this sense Iceland has plenty of room to 

improve.  Iceland takes a “stepwise” development approach to obtain its geothermal energy. 

Before any drilling begins, each geothermal site is evaluated based on the area’s unique 

characteristics and potential (Bjornsson 2006).  By using these methods, Iceland is assuring that 

their geothermal energy sources will continue to be sustainable and renewable, instead of being 

exploited.  Overall, Iceland’s geothermal energy resources are highly sustainable and are also 

being acquired in a sustainable manner.  Because of this, I feel that geothermal energy use is the 

most sustainable and highest ranked production practice in Icelandic horticulture.   

 The second most important and sustainable method used in Icelandic horticulture is use 

of the Intelligrow environmental control system.  A majority of Icelandic crops, such as 

tomatoes, cucumbers, cut flowers, and other warm season bedding plants, have to be grown in 

greenhouses because of light and heat requirements that the natural climate does not naturally 

provide.  Historically, these crops were either not grown at all, or were grown in greenhouses 

that may have provided more heat and light than the plants actually needed.  Without 

computerized environmental control technology, excess light and heat energy was undoubtedly 

wasted during the growing process.  There is no doubt that through the use of the Intelligrow 

system energy can be saved both in the form of light and heat.  Whether greenhouses can ever be 
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completely sustainable is an unanswered question however, limiting consumption and wasted 

energy in the greenhouse environment definitely contributes to increased sustainability.   

 I have ranked Icelanders’ use of pumice as a substrate in the greenhouse production of 

cucumbers, peppers, and tomatoes as third in a list of sustainable production practices.  The fact 

that the pumice comes directly from Icelandic volcanoes contributes to the sustainability of 

pumice.  Of course, just because pumice is locally mined doesn’t mean it can automatically be 

considered fully sustainable.  The reusability of pumice as a substrate does however, help make 

pumice a very sustainable horticultural product.  The use of pumice has also decreased the 

amount of other substrates that Iceland has had to import for use in their greenhouses.  A 

possible downside to using pumice as a substrate is that higher levels of fertilizer will likely have 

to be used on the crops.  This negative aspect can possibly be remedied partly through the use of 

organic fertilizers.  Overall, using pumice as a substrate for growing tomatoes, cucumbers, and 

other cut and potted plants has made Icelandic greenhouse production that much more 

sustainable. 

 The most beneficial way of using all three of these production practices would be to use 

them in conjunction with one another for the growing of tomatoes, peppers and cucumbers.  In 

terms of strict monetary economics, tomatoes and cucumbers are not Iceland’s most valuable 

crops. These crops are however, very important for Iceland in its pursuit of self-sufficiency.  

Domestic demand for these crops is typically higher than what Iceland can supply, especially in 

the winter months.  By using the efficient and sustainable production methods described above, 

Iceland can decrease the gap between demand and supply and in the future avoid the need to 

import large quantities of tomatoes and cucumbers.  In addition, these strategies do not require 

any major overhauls of greenhouse construction or setup; the majority of Iceland’s greenhouses 
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are already heated with geothermal energy and the other two practices are both easily 

implementable and inexpensive. 

Finalized Sustainable Development Strategy 

 Overall, Icelandic agriculture has tremendous potential to become a world leader in terms 

of sustainable horticulture.  This opportunity would not only reward the people of Iceland, but 

also set a positive example for horticultural producers around the world.  While very sustainable 

already, Icelandic production of certain high-value commodities in greenhouses could increase 

grower profits and allow for implementation of additional sustainable elements.  Tomatoes, 

cucumbers, and bell peppers are three crops that are not native to Iceland, but growing these 

crops locally could help eliminate Iceland’s need to import these vegetables.  Additionally, these 

crops have the potential to carry a price premium in local markets. 

 The infrastructure for geothermal energy is already very widespread in Iceland.  The vast 

majority of greenhouses in Iceland currently use geothermal energy and so further 

implementation would largely be for newly constructed greenhouses.  Iceland’s main challenge 

would be to supply enough geothermal or hydroelectric power to heat and light greenhouses.  

This could be most difficult in the winter months, as the need for artificial lighting would 

increase by a great deal.  Tomatoes, cucumbers, and bell peppers all require a large amount of 

quality light that could not be realistically achieved in winter without supplementary lighting.    

Production of these crops throughout the winter would definitely be advantageous to both 

producers and consumers, but actual cost-effectiveness would be best analyzed with research.  A 

possible study could involve the measurement of all energy inputs versus yield during crop 

cycles strategically placed during the coldest and darkest times of the year.  These observations 

could also be used in concert with off-season market prices for the chosen crops.  By performing 
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this research, potential growers would be cognizant of how cost-effective and profitable year-

round production could be.  Overall, the cost of the energy would likely be very low; in 2009 the 

price of geothermal energy cost approximately 1 US cent per kWh (Hopkins 2010).  Given the 

low price, the only major obstacle would be accessing enough energy during winter months.  As 

mentioned above, the research being performed would give approximate input needs, which 

could then be evaluated in terms of its feasibility.   

 While energy inputs would definitely be high in the winter, a climate control system 

would maximize the efficiency of energy use and minimize possible loss. The Intelligrow 

environmental control system would increase the cost-effectiveness of producing warm-season 

crops by eliminating wasted energy use.  Given that this system is already widely used in 

Icelandic greenhouse production, implementation would not be terribly difficult.  There is a 

considerable amount of research being done in many parts of the world that are trying to create 

even more efficient climate control software systems.  The idea of a particular system becoming 

out-dated or obsolete is likely the biggest challenge that Icelandic growers could face in regards 

to the widespread use of Intelligrow.  Fortunately, much of the research has been conducted in 

Denmark, the same country where Intelligrow was originally designed.  It is therefore likely that 

improvements made on the system will be inexpensive and easily upgradeable.   

 In terms of sustainable growing media, pumice could be another strong asset to Icelandic 

horticulture.  An advantage to widespread implementation of pumice for cucumber, bell pepper, 

and tomato production would be the low cost of the material.  Sourced from local volcanoes, the 

pumice would be processed locally and would decrease the amount of imported soils and organic 

matter needed for production.  Iceland’s need for imported soil can be mostly attributed to the 

country’s young geological age; these undeveloped soils are usually deficient in one or more 
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organic minerals (Grippi 2009).  Using locally sourced pumice could have a very positive effect 

on the cost-effectiveness of producing high-value crops.  The possible challenges involved with 

using pumice as a substrate relate to the amount of fertilizer inputs needed to produce a healthy, 

high-yielding crop.  If organic and sustainable fertilizers could be sourced inexpensively then 

this problem would not be as important.  However, if fertilizers were essentially more expensive 

than the importation of soils and organic matter it might be advisable to choose a soil-based 

growing media.  Research would be best focused on the comparison of the cost analysis of these 

factors and the yield potential of crops grown in pumice and soil-based media.  Many studies 

have already been done comparing the yield of tomatoes and cucumbers grown using pumice as 

a substrate with other growing media.  In one such study, the yield of tomato fruits was shown to 

be comparable to yields of tomatoes grown in rockwool.  Additionally, the reusability of the 

pumice was shown to be very successful and produced similar yields (Gunnlaugsson and 

Adalsteinsson 1995).  Testing the yield potentials of bell peppers and cucumbers in pumice and 

other growing media would also be beneficial in the quest to determine the true value and long-

term capabilities of pumice as a substrate. 

 Research focusing on alternative, sustainable, and safe fertilizers would be beneficial to 

the horticultural endeavors of Iceland.  While I have identified pumice as being the most difficult 

material in terms of its sustainability and required inputs, it has been researched heavily in 

Europe and Iceland, and has seemingly passed these “tests”.  If it had failed, it would not likely 

be used as extensively as it currently is in Iceland.   

 I will now provide details on a conceptual design of a sustainable production greenhouse 

facility that could undertake the research I have described above. 

Design a Future Sustainable, Controlled-Environment Production Facility 
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 The production facility I am proposing would be built in the city of Hveragerði.  Located 

at the southwestern coast of Iceland at approximately 64° 00’ N, 21° 11’ W, Hveragerði sits 30 

m above sea level (Yr.No. 2010).  Hveragerði is approximately 45 km southeast of Reykjavik, 

and is commonly known as the “greenhouse town”.  The town is situated directly on one of 

Iceland’s largest geothermal heat fields, which powers the highest concentration of commercial 

greenhouses in Iceland (Gourmet Iceland n.d.).  Average temperatures in Hveragerði range from 

-2.7° C in January to 14° C in July, which is very similar to temperatures in Reykjavik 

(Ingólfsson 2008).  I have chosen Hveragerði as the location for this facility because of the 

advantages that the city has in terms of its relatively warm coastal climate and high geothermal 

activity.  These characteristics would definitely be beneficial to greenhouse vegetable 

production.  It is no accident that this small town has the highest concentration of greenhouses 

per unit area than any other place in Iceland.  Hveragerði’s close proximity to main highways 

and Reykjavic, the most densely populated city in Iceland, is also very favorable in terms of 

distribution opportunities.  Both cities are considered unique cultural hotspots; Reykjavic for its 

urban atmosphere, and Hveragerði for its rural, upscale feel. 

 Structurally speaking, this production facility would consist of three separate uneven span 

ranges (houses).  Each house’s ridges would be orientated east-west to maximize light intensity, 

which will be critical given Iceland’s extreme northerly latitude.  The uneven span design should 

also help to maximize light transmission during winter months.  The shorter uneven section of 

the roof will face north, and the longer south.  Ideally, the houses will be built from east to west 

(option 1); this way there will be no northerly-most greenhouse.  Once again, this is important 

because of the high angle of incidence during the winter.  If this option is assessed to be 

impractical, then the houses will be built consecutively from north to south (option 2).  Figure 2 
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shows both possible configurations.  A headhouse will connect all three houses and will contain 

a germination house.  The length (north/south walls) of each range will be 50 m, and the width 

(east/west walls) will be 18 m.  Total floor area will therefore be 900 m
2
.  Height of the walls 

would depend on the specific slope and geography of the location chosen, but ideally all wall 

heights would be the same.  Therefore, roof area would be different for the smaller (north-facing) 

and the larger (south-facing) portions.   

 Structural components (frames) of the houses would be aluminum, due to its durability 

and long lifespan.  Covering materials will consist of double-strength float glass.  Flame-

retardant heat curtains would be used during the night to help prevent heat loss.  Four hundred 

watt high-pressure sodium lights would be used for supplementary lighting.  Geothermal energy 

would be the primary heat source, but the combination of supplementary lights and heat curtains 

would help conserve energy and contribute to the sustainability of these greenhouses.  In 

addition, geothermal and/or hydroelectric power could provide energy to power the lighting 

system.  The Intelligrow environmental control system will be used in all three houses, and will 

further contribute to the energy efficiency of this facility.  Pumice and other soil-based growing 

media will be the primary substrates for growing crops at this facility.  These will be discussed 

below in the context of research opportunities. 

 In designing this facility, I have chosen to build three houses in order to test three crops 

(tomatoes, cucumber, and bell peppers) separately.  I believe this will be most effective because 

each crop prefers different growing environments.  This method will assist in the ease of care for 

plants, and allow each house to be as energy efficient and sustainable as it can be.   

 The primary research that will be embarked upon at this facility will deal with the 

feasibility of growing tomatoes, cucumbers, and bell peppers year-round.  Total energy input 
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needed for each crop would be evaluated against the total yield of said crop.  The yield would 

not only be measured by its actual weight, but also in regards to the market price of the crop at 

harvest time.  Ideally, experiments would be staggered at different times throughout the year.  

The cooler months would however, be the main periods that would be evaluated.  In the first 

experiment, crops would be sown in the early fall and allowed to mature in winter/early spring.  

As these plants were beginning to approach harvest, a second trial would be planted, ideally in 

mid- to late-winter, and would mature nearer the spring and summer months.  In subsequent 

trials, planting time could be altered as to cover the majority of Iceland’s cold seasons.  Each 

planting time will be designated as a different treatment.  Based on a yearly schedule, it is likely 

possible that three separate treatments could be undertaken: planting in fall, harvesting in winter; 

planting in winter, harvesting in spring; and planting in spring, harvesting in summer.  A control 

would be planting and harvesting during the summer months, which are characterized by 

extremely long days.  The main goal of these studies would be to assess the true costs of 

producing warm-season vegetables in greenhouses during cold and dark seasons. 

 Secondary research undertaken at this facility will involve growing media.  Pumice as a 

soilless growing medium would be compared against imported soil-based media enhanced with 

compost/organic matter.  Both media would be evaluated for total yield and cost-effectiveness 

throughout a growing season.  Cost-effectiveness would involve not only the cost of the pumice 

or soil, but also the fertilizer and nutrient inputs needed to successfully grow the crop.  Each crop 

will be grown in pumice and a soil-based medium and monitored throughout the growing season.  

These experiments would be best undertaken during the warmer months, as the cooler months 

will be more reserved for the energy-based experiments described above.   
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 An additional area of research that I believe could be beneficial is greenhouse-based fish 

farming.  The fishing industry is extremely important to Iceland; more than 70% of their exports 

consist of fish or fish products (CIA 2010).  The possible benefits of fish farming in a 

greenhouse extend beyond export potential however; another advantage relates to the use of 

pumice as a growing medium.  The byproducts of farming fish could be used as a fertilizer for 

crops grown in pumice.  Because crops grown in pumice generally require higher inputs of 

nutrient-based solutions, fish farming could have a very positive effect on the cost-effectiveness 

of using pumice.  Moreover, the fish could be marketed locally or for export, which would 

provide farmers with another possible source of profit.  The implementation of fish farming at 

this research facility would not likely be immediate, as the expenses involved would be high.  

Realistically, this venture would take place two to three years down the line after the primary 

research has been undertaken. 

  In terms of actual crops production schedules, all of the experiments would follow 

standard itineraries based on that crop’s developmental needs.  As mentioned earlier, each 

greenhouse will be dedicated to its own crop.  This will make the task of crop scheduling easier 

to manage.  My proposed methodology behind growing the tomatoes, cucumbers, and bell 

peppers will be as follows: seeds will be planted in a soil-based germination mix and placed in a 

house dedicated to germination.  This house’s temperature will be approximately 24.4°C and a 

misting system will create a high relative humidity.  After germination is complete, plants will be 

moved to their respective greenhouses (depending on specific crop) and will be allowed to grow 

until they have more than one set of true leaves.  I expect this to take between 2 to 3 weeks, 

depending on the species.  At this point the young plants will be transplanted either into the 

pumice or a soil-based medium (this depends on the specific experiment) and fertilized 
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accordingly.  The primary research will not involve growing plants in pumice, as the number of 

variables should be kept to a minimum.  This strategy should result in the most accurate and 

specific data and overall results.  Data will be taken during and at the completion of each 

experiment.  It is likely that these experiments will take from two to three years to complete.  I 

believe that each experiment should be replicated multiple times (2-3) because this will help with 

interpretation of the results and any variation that may be present.  Troubleshooting these 

experiments, especially the primary research (energy efficiency vs. yield/profit), will likely 

consist mostly of tweaking planting times.  It would be most desirable to have little overlap in 

terms of planting a new crop, but it may be unavoidable.  In this case each greenhouse will likely 

have to be controlled more efficiently based on the crop’s stage of development.  The Intelligrow 

system will help make this process less difficult. 

 Overall, this facility will have the potential to prove that growing warm-season crops 

year-round in Iceland is possible.  The abundance of natural energy sources in Iceland can 

provide the energy to do accomplish this and the use of other sustainable tools can help Iceland’s 

horticultural industry because even more sustainable while remaining profitable.  
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Tables and Figures 

Table 1.  Ranked strategies (from most sustainable to least sustainable) and rational for 

sustainable Icelandic horticultural practices. 

 

Sustainable Practice/Method                                       Rationale/Evidence                                 

 

1) Geothermal energy 

 

Can supply heat, light, or any electricity needed for greenhouse 

production.  Large reserves present.  Harvested in a “step-wise” 

and sustainable manner.  Infrastructure already present. 

 

2) Intelligrow technology 

 

Can maximize greenhouse potential without wasting unneeded 

energy.  Relatively inexpensive, but not as important to 

sustainability as a main energy source (geothermal) is. 

 

3) Pumice as a substrate 

 

Produced locally from Icelandic volcanoes. Less need for 

imported soil.  Reusable and relatively inexpensive, but may 

require more inputs (fertilizers) than other substrates do. 
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Figure 2.  Two possible layouts of greenhouse sections.  Option 1 is the desired layout, option 2 

a secondary option*. 

             
                                                                       Option 1**           

 

  

     House 1                                  House 2     House 3 

                                                                        

Option 2** 
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*Dimensions and spaces between houses not to scale.  Houses will all be connected to a 

headhouse that will vary in location depending on the chosen layout. 

 

**Top of page is north, bottom is south. 

 

 

 

 


