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Introduction. 

Denmark is located in Northern Europe between the North and Baltic Sea and is comprised of 

406 islands of which 76 are inhabited. The population is 5.5 million. Copenhagen is the capital and also 

the most populated city with 1,175,411 inhabitants. The bulk of the 4,309,800 hectares of Danish land is 

low flat to gently rolling plains but the highest elevation point is 170.68m (Anonymous 2009a).  

Denmark is known as The Welfare State Denmark because of the equalization of income among 

its citizens. Taxes allow Danes to have equal income and therefore equal opportunities. The GDP per 

capita in Denmark is $57,260. Up until the 1960s, agricultural products dominated the trade and exporting 

industry, industrial products now exceed them. Medical equipment, wind turbines and beer are among the 

most popular exported goods. From a horticultural stance, Denmark is 62% cultivated land. 52% is used 

for corn, 20% for grass, 4% for roots and 4% for seeds (Anonymous 2009a). Denmark is also big in 

production of various types of vegetables, fruits/berries, cut flowers/bulbs and potted bedding plants.  

The climate of Denmark is temperate and, humid with windy winters and cool summers. The 

lowest temperatures occur during January and February where the average temperature is 0°C. In the 

month of August, temperatures hit their peak at 15°C. Denmark is striving for sustainable development 

and is using the climate to decrease energy consumption across the world (Anonymous 2009a). The 

windy weather is one reason why Denmark is the number one exporter of wind turbines. Denmark has 

38,000 of their wind turbines were installed in 62 different countries in 2005 (Anonymous 2009a). Other 

ways Denmark has begun the transformation to a sustainable environment are the decrease of the water 

consumption by 30%, promoting the development of electric cars and recycling 66% of its waste 

(Anonymous 2009a) 
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Sustainability; 

Sustainability can be a difficult term to define because it may cover a wide range of terms from 

green, sustainable or organic. The official website of Denmark defined being green as the creation of the 

best possible conditions for human beings now and in the future as well as to create a better environment 

by developing new and greener ways of living, greener transportation, industry, etc.(Anonymous 2010c). 

This definition of sustainability is quite vague. The first half of the definition does not specify what the 

best conditions for human life. The second part of the definition does not describe what ‘green’ means 

and does not suggest any specific ways as to how greener ways of living are going to be achieved.  

Another definition describing the principles of sustainable development also highlights the goal 

of better living for people. It states for sustainable development, there must be a safe, healthy 

environment, resources must be used efficiently and environmental issues must be taken into account 

across various sectors. The principles are then further explained in how they are to be measured. Healthy 

environment is measured through life expectancies and CO2 emissions from industries, transportation, 

households, agriculture and waste. Using resources efficiently is measured through energy and water 

consumption and waste (Jens, 2007). This definition is vague in how sustainable development is going to 

be achieved. It only gives broad areas that are the focus of sustainable development. On the other hand, it 

gives specific ways in how sustainable development can be measured which the previous definition lacks.  

Historical Production Practices; 

The first horticulture practice in Denmark was open field production. Common plants grown in 

open field production were mainly vegetables and agricultural crops such as wheat, barley and sugar 

beets. Infestation of pests and diseases was a major problem with open field production. Pest Control was 

done by applying pesticides, crop rotation, removal of plant residues and use of resistant varieties 

(Gyldenkœrne et al., 1997).  
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The horticulture industry in Denmark started in small gardens and the products were sold at local 

markets (Brander, 1988). Greenhouse production of horticultural plants boomed in 1950 (Jensen, 1983). 

Exporting of plants to other Scandinavian countries increased as greenhouse growing became more 

popular. Greenhouse production specifically concentrated on growing flowering potted plants including 

Kalanchoë (Kalanchoe blossfeldiana), Begonia (Begonia semperflorens), Chrysanthemum 

(Dendranthema x grandiflorum), and Poinsettia (Euphorbia pulcherrima). 

Drip irrigation was most commonly used in greenhouses which provided a water outlet to every 

plant. Since Danish greenhouse specialized in potted plants, flood irrigation was also used (Gyldenkœrne 

et al., 1997). This type of irrigation floods the floor where plants are grown for a period of time to water 

and fertilize plants then drained. Irrigation systems can be broken down further into two categories, open 

and closed. Closed irrigation systems take excess water, disinfest it and reuse it. Although closed 

irrigation seems to be more sustainable, open irrigation is used more often (Gyldenkœrne et al., 1997). 

 Over a decade ago, Denmark made a step towards sustainable development that completely 

changed greenhouse production. In 1998, methyl bromide use was banned because of its negative effect 

on the ozone layer. Methyl bromide is a soil fumigant that was used primarily for tomatoes and cut 

flowers grown in greenhouses. It was not only used to prevent diseases in the greenhouse but also in open 

field production to prevent diseases. This led to greenhouses to make the switch from using soil for 

growing to using soilless media (most commonly stone wool). 

The past use of methyl bromide would not be considered sustainable under Denmark’s standards. 

According to the definitions underlined above, sustainability must increase the quality of life. Since the 

use of methyl bromide in crop production was harmful to the environment, the production practice was 

not sustainable. Sustainable development in Denmark influenced the decision to ban the use of methyl 

bromide in horticulture production. 

Current Production Statistics; 
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Denmark’s net profit for horticulture crops for 2008 was 573,400 DKK. Denmark currently 

participates in crop production in greenhouses, open field and nursery production. There are about 500 

hectares of greenhouse in Denmark and 375 of those are used for ornamental plants. There are a large 

number of small horticultural businesses and few large. Denmark has approximately 1700 

greenhouse/nurseries in business today. Typical crops grown in a greenhouse setting include tomato 

(Lycopersicon esculentum), cucumber (Cucumis sativus), lettuce (Lactuca sativa), mushrooms, potted 

plants, cut flowers and bulbs. Field grown crops consist of cabbage (Brassica oleracea), strawberry 

(Fragaria spp.), beans (Phaseolus vulgaris), squash (Cucurbita spp.), other fruits and berries. Nursery 

production specializes in growing trees, shrubs, roses and perennials. Most of the greenhouse production 

is dedicated to growing flowering pots and vegetables. The top 5 flowering plants grown in 2007 were 

Kalanchoë, Rosa hybrid, Campanula, Argyranthemum frutescens and Narcissus. When considering open 

field production, vegetables, fruit and nursery crops dominate the amount of land used. Greenhouse 

grown vegetables ($1,356,400) and flowering pots ($1,372,100) have the highest gross output and can be 

considered the most valuable crops for Danish horticulture (Table 1). 

Current Production Practices; 

 Today, the majority of profit from the horticulture industry comes from those crops produced in 

greenhouses. There has been constant research and innovation to produce a more sustainable growing 

environment. All new innovations aim to make greenhouse production sustainable by reducing the 

amount of energy used, reducing the effects of production on the environment such as CO2 emissions and 

reduce managing costs.  

 Denmark has taken many steps towards sustainability in how greenhouses are managed. One 

thing that has changed is lighting. Greenhouses in Denmark are looking into ways in which lighting costs 

can be reduced. A study done by Aarhus University has estimated that over 400 hours of artificial lighting 

in greenhouses can be saved (Anonymous 2010a). The goal is to reduce the amount of light that is being 
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wasted. Plants can only take in so much light before it is considered wasted light, so a solution is to turn 

off artificial lighting when plants do not need them. This is most effective when light periods change in 

the fall and spring which means turning off lights later in the fall and earlier in the spring (Anonymous 

2010a). Another step towards sustainable lighting is using LED lights. LED (light emitting diodes) emits 

light at certain wavelengths that are beneficial for plants. This ultimately cuts out light that plants that 

cannot use and may lead up to a 50-80% decrease in lighting costs. Other advantages of using LED 

lighting is a 10 year life compared to the 1-2 year life of current lighting systems, lower installation costs 

and being able to compensate for changes in seasons (Anonymous 2010a).  

 Heating in greenhouses are also moving towards sustainability. Danish scientists are looking 

towards converting unused heat to renewable resources. During the summer months over half of the solar 

heat generated is unused (500kWh used/1020kWh produced) in heating greenhouse (Anonymous 

2010b). Unused heat would be transported and stored from the ridges to a subsoil aquifer. The 

excess heat from warm days would be stored until it would be needed on colder days. Increasing 

the amount of insulation is another way Danish greenhouses are changing for energy savings. 

The switch to solar greenhouse heating may not only reduce managing costs, but may also 

reduce CO2 emissions. Currently, the majority of the greenhouses in Denmark are only insulated 

with single pane glass. Single pane glass releases a lot of heat through its surface, wasting heat 

that is generated. Another way Danish greenhouses are increasing insulation is through curtains. 

The company Ku Life is working towards developing a curtain that protects plants as well as 

saves energy (Anonymous 2010b). The curtain will allow light to pass through for optimal 

photosynthesis and reflect the thermal heating. The reflected heat will be stored for later use.  

 Greenhouses in Denmark are all controlled by computer systems. The computer systems 

allow for climate control throughout the greenhouse in a single location.  The temperature is 

measured by sensors scattered in the greenhouse. Although the computer systems are well 
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developed, the few sensors may not accurately calculate temperatures. Wireless sensors are being 

developed to improve the quality of the measurements (Anonymous 2010b). Improving the 

sensors that measure climate in greenhouse will allow for management of greenhouses 

specifically to plant needs. If the measurements are more accurate for plant growth climate, there 

could be potential for large energy savings.  

 The media in which crops are grown has changed in greenhouses over time. The switch 

to soilless media occurred in 1997 after methyl bromide use was banned in greenhouses. Without 

the use of pesticides in Danish greenhouses there needed to be a way for pest control; soilless 

media was their answer. Soilless media (most commonly stone wool) would make for a more 

efficient use of fertilizer, reduce the energy it would take to heat and cool and most importantly it 

would reduce pest infestation. It also showed a slight increase in crop yield. A disadvantage of 

using soilless media is the need for frequent fertilization and irrigation. In order to adequately 

water crops grown in soilless media, it would require 20-30% more water (Gyldenkœrne et al., 

1997). This poses a problem when considering sustainability. The extra amount of water needed 

would not be considered an efficient use of resources.  

Integration of Historic and Current Production Practices; 

 Over the years, many changes have been made in the way crops are grown in Denmark. 

New technology has allowed for many innovations in greenhouse management. Although the 

changes over the years are plentiful and the ultimate goal is to reach sustainability, they may not 

be considered sustainable under Denmark’s standards. The sustainable and un-sustainable 

components for each production practice are outlined in Table 2. 
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 Open field crop production and past/present greenhouse production all have some aspects 

of sustainability. Open field production shows some sustainable pest/disease control. Crop 

rotation, removal of plant residue and using resistant varieties are sustainable ways of reducing 

infestation (Gyldenkœrne et al., 1997). Greenhouse crop production may be considered 

sustainable for different reasons. First of all, pesticide use is minimal in current greenhouse 

growing due to the switch to soilless media. Irrigation in greenhouses efficiently uses water to 

reduce the amount of wasted resources. The option for a closed irrigation system allows for 

water to be reused. Also, the most recent innovations changes lighting and heating in 

greenhouses significantly decrease the energy costs to produce crops. 

 All of the production practices have un-sustainable aspects as well. In field and past 

greenhouse production, frequent pesticide applications were applied to control pest and diseases. 

Field production also has a limited amount of light and heat which may limit the amount of crops 

that are produced. The new innovations for greenhouse production could be considered un-

sustainable because of costs. The costs for computer systems, lighting and heating systems are 

costly to install. Greenhouse’s glazing material is not sustainable. Single pane glass may easily 

be broken and releases the most heat. 

 After discussing the sustainable and un-sustainable elements to each production practice, 

a decision has to be made as to which practice will be used in future production. It is beneficial 

to consider the crops that are most valuable in the Danish horticulture industry when ranking the 

production practices. Since potted plants are crops that produce the highest output (Table 1) and 

most commonly produced in Danish greenhouses, I will be considering the production of those 

crops for the rest of this paper. The practices will be ranked according to their sustainability and 

the ability to implement them in greenhouses for the production of potted plants in the future. 
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 When considering the future production of potted plants in Denmark the practices rank as 

follows; current greenhouse production, past greenhouse production and field production. Future 

production facilities will have a combination of the sustainable elements of current greenhouse 

and past greenhouse. The new innovations of current greenhouse production will greatly reduce   

energy costs and help use resources more efficiently to reduce production costs. New greenhouse 

elements such as reusable solar energy for heating and new lighting systems may have some 

benefits that typical greenhouses would not. For example, plant quality and yield may increase 

with new innovations. The un-sustainable aspects of current greenhouses (costs of new systems) 

will be surpassed by the amount of energy saved and reused. Past greenhouse production also has 

some sustainable characteristics that will be used in future production facilities. Drip and flood 

floor irrigation is especially sustainable for potted plant production because it uses resources 

efficiently.  Field production has the lowest ranking due to pesticide use and its inability to 

produce the most valuable crops. Producing potted plants in open field would not be practical 

and therefore open field production practices will not be included in the future production of 

potted plants 

Finalized Sustainable Development Strategy; 

With competitors in the potted plant industry such as the Netherlands and Belgium, the 

need to move towards sustainable production is very important. New systems that have been 

introduced aim to decrease managing costs and the effects of production on the environment by 

reducing CO2 emissions. One area that needs more research for greenhouse production is solar 

energy greenhouses. New innovations in the industry enable for solar energy to be turned into 

renewable energy to be used for heating. If Danish greenhouses were able to master production 

of potted plants in a solar greenhouse, it may allow them to surpass the Netherlands or Belgium 
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in potted plant production. Since sustainability is becoming more important in the industry, 

plants grown in a fully sustainable production facility would greatly increase the profit for 

Danish horticulture businesses. 

The development and implementation of systems that use renewable solar energy will 

help reduce heating and cooling costs for greenhouse production of potted plants in Denmark. As 

stated before, in greenhouse production of potted plants only about half of the solar energy is 

used by the plants. All the remaining energy given off by the sun is considered wasted energy. 

Solar greenhouses would take the excess solar radiation and store it in an underground storage 

system so it could be used for future use on colder days. By reusing solar energy, heating costs 

that would normally be need for greenhouse management would be greatly reduced, up to 30% 

(Anonymous 2009c). Although solar greenhouse production could have many sustainable 

benefits, cost of implementation is the main disadvantage. The cost to install a system to turn 

solar energy into renewable energy is high and with the economy today, it may drive producers 

away. 

In order for implementation for solar greenhouses in Denmark, research and experiments 

need to be done to determine the benefits of a solar greenhouse for the producer. More research 

needs to be done to more specifically illustrate the benefits of producing with a solar greenhouse 

rather than a typical greenhouse used in production today. Before solar greenhouses are 

implemented in Denmark, it is to be expected for grower benefits such as increase in quality or 

yield to be known. Some questions that need to be answered include, what effect do solar 

greenhouses have on crop production? Will it increase crop yield? Will it improve the overall 

quality of the plants? How much will solar greenhouse production reduce the cost of production? 

How will it decrease the effects greenhouse production has on the environment? Specific 
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answers for these questions need to be answered before growers can be convinced that solar 

greenhouse production is a better production practice. Also, resources for implementation need 

to be found for this new production practice. Although these new innovations increase 

sustainability for greenhouse production, the cost for implementation of the new systems is high. 

Since solar greenhouses will increase sustainability that may lead to increase in profits and 

decrease the effects on the environment as well as decrease the costs of production, funds for 

implementation should not be difficult to raise. 

Design for Future Facility; 

The facility that will be used for production of potted plants will be a greenhouse that 

focuses on growing with reusable solar energy. Greenhouse production is the main facility used 

for the production of potted plants and therefore will be the type of facility for future production. 

The facility will be located in Funen, Denmark located at 55° 21′ N. Funen is the largest island of 

Denmark and is the site of the demonstration facility for new greenhouse innovations already 

being experimented with. Funen will also allow for easy exporting of goods which is important 

since most of Danish produced crops are exported. 

The facility will consist of two free standing greenhouses, one being the solar greenhouse 

and the other being a greenhouse presently used for greenhouse production. The solar 

greenhouse will be designed to absorb the maximum amount of solar radiation. The orientation 

of the greenhouses will be south-facing for optimal solar radiation. A south-facing greenhouse 

will absorb approximately 90% of solar energy (Anonymous 2010d). The north-facing wall will 

be insulated as well as doors and vents to promote reflection and to prevent heat loss. The roof of 

the greenhouse will have a 40-60% slope to reflect the position of the sun to promote solar 
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radiation (Anonymous 2010d). The glazing material will be either glass or polycarbonate. Glass 

has a high (85-90%) light transmission but loses large amounts of heat. Polycarbonate has 

relatively high light transmission (83%) and but can be expensive (Anonymous 2010d). The 

solar heat will be stored in subterranean piping. The heat collected at the ridge of the greenhouse 

is forced through the piping and stored underground. Drainage or sewage piping 10 cm in 

diameter will be used for the heat storage system. The amount of pipe surface area that is used 

should be equal to the amount of floor surface in the greenhouse. Solar greenhouses are heated in 

the following way; the warm air forced through pipes is stored, heats the soil and when the 

temperature decreases at night, the cooler air is forced through the system in the same way and 

the warm soil heated previously gives off heat to heat the rest of the greenhouse (Anonymous 

2010d). 

An experiment that needs to be done that simply shows whether or not the solar 

greenhouse has any effect on the production of potted plants. Plants will be grown on the floor 

and will be watered with drip irrigation. All variables (soil media, irrigation, spacing, pot sizes, 

plant type etc) will be constant except for the heating/cooling methods. Since Kalanchoe is the 

number one selling/exported potted plant in Denmark, it will be used for the experiment. After 

the experiment is terminated, plant yield and quality will be measured and managing costs will 

be compared.  

A typical production schedule for Kalanchoe that will be used for the experiment was 

found on the Purdue University website. Kalanchoe can be seed propagated or vegetatively 

propagated. Seeds should be sown in a 288 or similar plug tray. Do not cover seed. Temperature 

for germination should be kept at 21°C and should occur in 10-14 days. More commonly, 

Kalanchoe is propagated by cuttings. Cuttings should be taken form healthy stock plants, should 
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be 5-8 cm long with 2 pairs of true leaves and should be placed in a 72 plug tray. After about 4 

weeks the cuttings should be ready for transplant. Kalanchoe are most commonly grown in 4-6” 

pots. The soil media should be high in organic matter (peat) and should have a high water 

holding capacity (rock wool or perlite) and day/ night temperatures should be 24-26°C/18-20°C. 

Plants should be spaced about 25 cm apart for uniform growth. Since Kalanchoe are succulents, 

they should be allowed to dry between watering and should not be overwatered. Plants should be 

fertilized with constant liquid feed at a rate of 20-10-20. Kalanchoe require high amounts of 

light, 3500-4500fc. They are also short day plants. Kalanchoe need about 6 weeks of short days 

for uniform flowering. Additional 3-7 weeks of long days are needed until plants are ready for 

retail. Total production time for Kalanchoe for seed is 13-22 weeks and vegetative is 11-20 

weeks. Some cultivars of Kalanchoe require growth retardants for compact plants in which 5,000 

ppm of B-nine may be applied 5 weeks into short day exposure. Some common pest and diseases 

that may affect Kalanchoe are mealy bugs, aphids and powdery mildew (Anonymous 2010d). 

In order to fully understand the differences between two greenhouse production practices, 

the experiment will be conducted over a long period of time. The experiment will be replicated 

over multiple seasons so the long term effects can be measured. Allow approximately 2-5 years 

to examine differences in crop quality, yield and managing costs for both greenhouse 

productions of potted plants. 
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Table 1; Gross output (Denmark& United States currency) for various crops produced in 

Denmark (Anonymous 2009b) 

 Potted Plants Nursery crops Veg-GrH Veg-Open Fruit 

Gross 

output  

(DKK 

1000) 

7212.6 3589.3 7371.8 3272.9 653.2 

Gross 

output 

(US 

1000) 

1327.1 660.4 1356.4 602.2 120.2 

 

Table 2; Sustainable and un-sustainable elements of horticultural practices in Denmark 

Production Practice Sustainable Elements Un-Sustainable Elements 

Open Field Production -Crop Rotation 

 

-Pesticide Use 

-Limited light/heat 

Past Greenhouse 

Production (mid-1950s) 

-Irrigation- Drip, flood flooring 

& closed systems 

-Pesticide use 

-Glazing material 

Current Greenhouse 

Production 

-Reusable energy 

-Reduced production costs 

-Media reducing pest infestation 

-Costly 

-Glazing material 
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