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1. Introduction and Summary 

The Feasibility Study being on hand has been initiated by  

 
Polar Permaculture Solutions, AS 

in 
Longyearbyen/Svalbard. 

 
Polar Permaculture built an experimental greenhouse in 2017 and started successfully 
the local production of fresh vegetables in Longyearbyen. 

Motivated by the growing results and by the positive feedback from the public, Polar 
Permaculture intends now to setup a professional business for the production of 
vegetables, providing fresh and healthy food for the local market in Svalbard. 

Svalbard is the home to the northernmost villages of the world. Life there is dominated 
by a harsh, cold climate and the polar sun cycle, which makes agriculture in a 
conventional way impossible. 

Thus, the habitants of Svalbard depend mainly on imports of food by ship and airplane 
to meet their nutrition and their related vitamin demand. The high effort and the long 
lead time for food logistics are challenging the availability of affordable, fresh and 
vitamin rich vegetables. 

In this context, the feasibility of a vegetable production cannot be seen only under 
economical aspects. Rather, the availability of fresh, nutrient rich, tasty and healthy 
greens can support an increased life quality for Svalbard’s habitants. 

Beside economics and food quality, also the ecological aspects of a local food 
production have to be taken into account for evaluating its feasibility. So, energy 
requirements and the CO2-emissions coming along with it, the fertilizer supply and the 
related closed mass flow cycles for carbon, nitrogen, phosphorus, potassium and trace 
elements have to be considered obligatorily.   

Actually, food waste and other biomass flows are mainly littered into the sea, so 
inherent recycling potentials are not used so far.  

Further, the energy system of Svalbard relies heavily on coal and oil, which leads to an 
above-average CO2 - emissions per capita. Renewable energies are scarcely utilized 
so far. 

Considering these frame conditions, this study is assessing the feasibility of a local 
vegetable production in Svalbard. This includes  

 an analysis of the general frame conditions (location of Svalbard, climate 
conditions, population structure, relevant legal frame conditions, etc.), 

 a market potential analysis for fresh vegetable,  

 an analysis of the available resources (biomass, electrical power and heat, 
renewable energies (solar, wind, biogas), etc.) 

 the development and design of a technical system solution for a vegetable 
production facility (closed system/greenhouse),  

 the calculation of the required resources for vegetable production (especially 
electrical power, heat, light and water),  

 the economical calculation comparing the local vegetable production with 
vegetable imports (full cost calculation of the local vegetable production 
according to VDI 2067) as well as 

 an ecological evaluation regarding the CO2-emissions. 
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For the design of the growing environment (closed system, greenhouse or a hybrid of 
both) a building energy simulation has been conducted to calculate necessary heating 
and cooling loads as well as to determine potential solar heat and light gains for 
different types of structures.  

The technical systems and its details (heating, cooling, ventilation, lighting system, 
growing systems et cetera) were designed and sized on the so generated data basis.  

Finally, the study shows that the production vegetable is economically feasible in 
Longyearbyen under the given conditions.  

These conditions are: 

 Growing environment: Hybrid of closed space and greenhouse 

 Vegetables produced: lettuces (leafy greens), microgreens and herbs,  
(no fruit vegetables) 

 Market share: 10 % / approx. 220 inhabitants/consumers 

 Vegetable consumption: 50 gr per inhabitant and day 

 Market price of fresh vegetables (representative examples):   

Lettuce: 5,62 € per head 

Herbs (basil/coriander/etc.): 2,50 €/pot 

Microgreens: 1,20 €/tray 

 Value of total yearly production: 117.400 €/year 

 Specific price of electricity: 22,00 Cent/kWh 

 Size of hybrid growing space: 55,4 m² 

 Cultivation surface: 86,7 m² 

 Investment for growing space: 268 T€ 

 

The full cost calculation, based on annuity method, showed an economical advantage 
of the locally grown microgreens, leafy greens and herbs compared to the less fresh 
and thus minor quality imports.  

From the energy point of view, the CO2-emissions of locally produced vegetables are 
more or less equal to the emissions of the imported ones. As the local vegetable 
production facility will have a significant power and heat demand at its final stage of 
expansion, it is of major importance, to harmonize the interests of Svalbards electricity 
supply and district heating system. In terms of peak load management and balancing 
power as well as heat in Svalbards energy system the vegetable production facility 
could be a supportive partner. 

The commercial production of biogas from local resources (biomass waste streams) is 
not presentable under organizational, economical and energetical aspects. 

Anyway, the local production of fresh and nutrient rich vegetable could improve life 
quality and support the health of Svalbards inhabitants. 

Considering all these aspects, it is recommended, to set up a local vegetable 
production in the frame of a circular economy. Along with it, or better beforehand, the 
potential purchasers (restaurants, canteens, hotels and end consumers) have to be 
approached to commit to binding agreements.  

Reaching an appreciable market penetration for the locally grown vegetables will 
probably take some time. So, it is recommended to implement the local vegetable 
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production in at least two steps. In a first step a hybrid growing system (container + 
greenhouse) could be implemented with an investment of about 268 T€.  

The achievable turnover with vegetable sales could be in the range of 117.400,- € per 
year, based on the previously mentioned frame conditions. 

Another 1.200 T€ have to be invested to realize the final expansion of the local 
vegetable production (for a 50% market share). The achievable turnover with vegetable 
sales could then be about 587 T€ per year.  

The payback time of the investment could be around 7,5 years for the initial setup. Its 
annuity is around 20,3 T€ per year. 

To safe cost, and also for environmental reasons, it is recommended to investigate how 
far existing empty buildings/facilities could be used and converted into a vegetable 
production facility. 

 
Bensheim, 20th of April 2019 

 
 
 

Dipl.-Phys. Franz Schreier, EBF GmbH 
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2. General Information and Frame Conditions 

For proofing the feasibility of vegetable production in Svalbard, the relevant critical and 
accordingly limiting factors have to be identified and evaluated.  

Those limiting factors are  

 the isolated location and the status of Svalbard itself, 

 the climate (in particular low temperatures and lack of natural sunlight), 

 the current energy supply system/infrastructure (electrical power and heat), 

 the potential for renewable energies, 

 the population structures  

 the local food market and 

 the legal and administrative frame conditions. 

 
With the following chapters, these limiting factors are discussed, commenting their 
specific impact as well as defining the resultant consequences for the feasibility of 
growing vegetables in Svalbard. The influence parameters are rated and quantified in 
their magnitude as input variable as basis for the economical and energetical 
calculations. 
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2.1 Location of Svalbard 

Svalbard is an archipelago in the Arctic ocean (Barents Sea). The territory is under full 
Norwegian sovereignty. 

The largest town on Svalbard is Longyearbyen.  

The geographical coordinates of Longyearbyen are:  
 

78°13.4004′ North, 15°38.8134′ East. 
 

 
Figure 1: Map of Svalbard and Location of Longyearbyen1 

 
  

The Governor of Svalbard is responsible for the public administration and the 
Longyearbyen Community Council acts as the municipality. There are several 
exceptions from the Norwegian legislation and additional laws which are adapted to the 
special local conditions. 

Svalbard can be reached by ship and airplane only. The distance from Oslo to 
Longyearbyen is about 2.020 km. The flight time is about 3 hours. 

The duration for the shipment of goods over the shortest sea route from Tromsø to 
Longyearbyen takes about 2 days.  

So, Svalbard is an isolated place, which challenges the freshness and quality of 
imported vegetables, especially of micro greens, leafy greens and fresh herbs.  

Less challenging, but still not easy, seems to be the import of vegetables with a longer 
shelf life like, for example, fruit vegetables (tomatoes, cucumbers and peppers), 
potatoes, onions, beats or cabbage.  

The long transport ways (food miles) and delivery times are resulting in an undesirable 
loss of taste and texture of the vegetables, and, even more critical, in a significant loss 
of its essential nutrients and vitamins. 

So, this shortfall creates the needs for locally grown fresh, tasty and healthy 
vegetables. 

                                                
 
 
1 googlemaps & TopoSvalbard 



  

20190420_Feasibility-Study_PolarPermaCulture.docx                                                                                                                                                  
10 

A hint to the maybe potentially easiest improvement of the vegetable supply in 
Svalbard is, to focus on the local production of microgreens, leafy greens and fresh 
herbs. This could create a short-term and very visible impact on the local market and 
would leverage the awareness of Svalbards inhabitants for the local vegetable 
production in a circular economy. 

Focusing on the local production of fruit vegetables seems to be less important 
approach in a first step. 
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2.2 Climate and Environmental Conditions 

Most important for plant growth/vegetable production are suitable climate conditions in 
their growing environment. Photosynthesis works well between 20°C and 25°C and 
comes to saturation at a sunlight level of around 350 W/m². 

The climate of Longyearbyen is dominated by the aspects of its high latitude.  

Both, the continuous sunlight in summer and even more the long polar night in winter 
are very challenging frame conditions for plant growth. Appropriate day and night 
cycles occur only in the transition phases. 

Figure 2 shows the daylight and twilight hours throughout the year. 

 

 
Figure 2: Climate in Longyearbyen – Hours of Daylight and Twilight2 

 
 

The inclination of the sun rises to a maximum of 34.3° on summer solstice. Due to the 
low elevation path of the sun, the horizontal irradiation3 is much lower than the direct 
normal irradiance4.  

The table below and the figures on the following pages are showing basic information 
about the sunlight and irradiation conditions in Svalbard. 

 

 Global Horizontal 

Irradiation 

(GHI) 

Direct Normal 

Irradiation 

(DNI) 

Diffuse Horizontal 

Irradiation 

(DHI) 

max. Intensity 615 W/m² 910 W/m² 280 W/m² 

annual Sum 636.8 kWh/m²a 941.6 kWh/m²a 339.9 kWh/m²a 

 
Table 1: Climate in Longyearbyen – GHI & DNI Information 

 

                                                
 
 
2 weatherspark.com 
3 Radiation on an area horizontal to the ground 
4 Radiation on an area perpendicular to the sun beam 
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For conducting further analysis and as a basis for the thermodynamic simulation of the 
different designs of the growing environments it has been necessary to get weather 
data on an hourly basis for the location of Longyearbyen. 

So, for the purpose of this study the representative weather data for Longyearbyen 
have been generated with the software Meteonorm.5 Meteonorm used the real data set 
of the weather station at the Longyearbyen airport. The data set is averaged over a 10-
year period on an hourly basis.  

The following graphics show a selection of the most relevant weather parameter of this 
data set. 

 
 

                                                
 
 
5 Meteonorm 
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Figure 3: Climate in Longyearbyen – Solar Measures 
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Due to the northernmost branch of the gulf stream, the average sea temperature 
around Svalbard is about 5 - 7 °C and the air temperature is higher than in comparable 
locations of similar latitudes. In summer, the air temperature rarely exceeds 10 °C. 
During winter, it varies mostly between -25 °C and +3 °C. Figure 4 shows the 
temperature profile of one year, Figure 5 shows the duration curves of dry bulb6 and 
dew point temperature7 for one year. In only about 3.400 hours per year, the dry bulb 
temperature exceeds the freezing point. The average dry bulb temperature is around  
-3,4°C. 

 

 
Figure 4: Climate in Longyearbyen – Temperatures – Hourly Values 

 
 

 
Figure 5: Climate in Longyearbyen – Temperature Duration Curves – Hourly Values 

                                                
 
 
6 Temperature measured by thermometer shielded from moisture and radiation 
7 Temperature on which the air is saturated with water vapor 
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Table 2: Climate in Longyearbyen – Monthly Temperatures and GHI 

 

Mean Temperature Max Temperature Min Temperature
Mean Ground 

Temperature
Mean Daily GHI

Mean Sunlight 

Hours per Day

Share of 

Diffuse 

Horizontal 

Radiation

Mean Daily Light 

Integral (PAR)

Liquid 

Precipitation

1 January -10.4 °C 4.5 °C -25.0 °C -6.3 °C 0.0 kWh/m² 0.0 MJ/m² 0.0 MJ/(m²d) 0.0 h/d 0% 0.0 mol/(m²d) 5.0 mm

2 February -10.9 °C 2.2 °C -24.0 °C -8.2 °C 0.0 kWh/m² 0.0 MJ/m² 0.0 MJ/(m²d) 0.0 h/d 0% 0.0 mol/(m²d) 0.0 mm

3 March -13.5 °C 1.9 °C -26.4 °C -8.9 °C 22.5 kWh/m² 81.1 MJ/m² 2.6 MJ/(m²d) 1.9 h/d 53% 3.5 mol/(m²d) 0.1 mm

4 April -8.9 °C 4.5 °C -23.7 °C -8.2 °C 85.7 kWh/m² 308.7 MJ/m² 10.3 MJ/(m²d) 9.9 h/d 41% 18.0 mol/(m²d) 0.1 mm

5 May -1.9 °C 4.0 °C -12.2 °C -6.3 °C 149.9 kWh/m² 539.7 MJ/m² 17.4 MJ/(m²d) 15.3 h/d 44% 33.8 mol/(m²d) 0.0 mm

6 June 3.7 °C 8.8 °C -1.9 °C -3.8 °C 150.7 kWh/m² 542.4 MJ/m² 18.1 MJ/(m²d) 16.5 h/d 51% 36.1 mol/(m²d) 13.2 mm

7 July 7.3 °C 13.8 °C 2.1 °C -1.2 °C 122.0 kWh/m² 439.0 MJ/m² 14.2 MJ/(m²d) 13.4 h/d 66% 28.9 mol/(m²d) 14.8 mm

8 August 6.3 °C 11.6 °C 0.3 °C 0.7 °C 73.3 kWh/m² 264.0 MJ/m² 8.5 MJ/(m²d) 7.9 h/d 65% 17.5 mol/(m²d) 16.5 mm

9 September 1.7 °C 10.5 °C -5.3 °C 1.4 °C 28.8 kWh/m² 103.7 MJ/m² 3.5 MJ/(m²d) 2.4 h/d 67% 7.1 mol/(m²d) 7.6 mm

10 October -3.6 °C 6.3 °C -14.2 °C 0.7 °C 3.8 kWh/m² 13.6 MJ/m² 0.4 MJ/(m²d) 0.0 h/d 81% 0.9 mol/(m²d) 0.3 mm

11 November -6.0 °C 5.6 °C -17.9 °C -1.2 °C 0.0 kWh/m² 0.0 MJ/m² 0.0 MJ/(m²d) 0.0 h/d 0% 0.0 mol/(m²d) 5.5 mm

12 December -8.2 °C 5.0 °C -22.0 °C -3.8 °C 0.0 kWh/m² 0.0 MJ/m² 0.0 MJ/(m²d) 0.0 h/d 0% 0.0 mol/(m²d) 9.2 mm

636.8 kWh/(m²a) 2,292.3 MJ/(m²a) 2,059 h/a 4,465 mol/(m²a) 72.3 mm

-3.6 °C 13.8 °C -26.4 °C -3.8 °C 53.1 kWh/(m²a) 191.0 MJ/m² 6.2 MJ/(m²d) 5.6 h/d 12.2 mol/(m²d) 6.0 mm

Month

Total

GHI

Mean
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Only to give a normative comparison, Figure 6 is showing a map of the global 
horizontal irradiation (GHI) in Europe. 

 

 
Figure 6: Solar Irradiation Map of Europe8 

 
As figured out before in Table 1, Svalbards GHI is around 636.8 kWh/(m²a) only. 

The following Figure 7 shows the daily sunlight hours each month, i.e. the duration per 
day, in which the intensity of GHI is above 120 W/m². During the polar day, there are 
further times in twilight, in which light deprivation has to be provided to limit the 
photoperiod to about 12 - 20 hours per day (depending on the cultivated species). 

Figure 7 also shows the Mean Temperature and Daily Light Integral (DLI) in 
Longyearbyen for each month.  

The DLI is meant to be the daily sum of Photosynthetically Active Radiation (PAR), i.e. 
the amount of light that is usable by plants. Below a DLI of 10 mol/(m²d), plants grow 
very slowly. The red area marks too long photoperiods per day, the yellow area 
sufficient DLI. 
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Figure 7: Growing Conditions in Longyearbyen 

 
The following table shows the requirements of growing conditions for some exemplary 
vegetables. The higher the difference of the optimum indoor climate conditions 
(growing conditions) to the local climate conditions are, the more energy is necessary 
for performing an efficient and productive cultivation of vegetables. It is obvious, that 
leafy greens, microgreens and herbs are more appropriate for cultivation under 
Svalbards climate conditions. 

For example, peppers and tomatoes need a high light level as well as high 
temperatures. For that reason, it is recommended to refrain from cultivating large 
quantities of energy consuming vegetables (fruit vegetables) on a commercial basis.  

Spinach, lettuce microgreens and different varieties of herbs are able to cope with 
colder climates and lower light levels, so that they need much less energy for their 
cultivation.  

  

Minimum/Optimum Growing Conditions for different Species 

Species 

Minimum 
DLI 

Optimum 
DLI Photo-

period 
Minimum 

Temperature 
Optimum 

Temperature 

[mol/(m²d)] 

Pepper 10 22 to 45 < 20 h 12 °C 21 °C to 30 °C 

Tomato 10 22 to 45 < 18 h 10 °C 20 °C to 24 °C 

Cucumber 10 20 to 30 < 12 - 20 h 5 °C 19 °C to 25 °C 

Herbs* 10 15 to 24 < 12 h 10 °C 15 °C to 24 °C 

Leafy Greens* 6 18 to 30 < 12 - 20 h 5 °C 15 °C to 20 °C 

Microgreens* 6 10 to 18 < 14 - 16 h 5 °C 19 °C to 21 °C 

*depending on the chosen variety, the growing conditions can be different 
 

Table 3: Minimum and Optimum Growing Conditions for different Plant Species 
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Furthermore, almost all plants need a break from photoperiods, a daily dark phase. 
Hence, light deprivation with a shading device is mandatory during the polar day. 

There are few reasonable concepts for growing spaces which could work within the 
given frame conditions of Svalbard. As already mentioned, the major issues for plant 
cultivation are the low temperature and the exceptional lighting conditions. There is 
enough sunlight to grow out vegetables from April to August but with a too long daily 
photoperiods during polar day and there is no sunlight during the polar night. 
Temperatures may fall below 5 °C or even 0 °C as a matter of fact also in the summer 
months.  

As a consequence of these harsh environmental conditions, the growing of vegetables 
has to happen in a controlled environment, which is either  

 a closed indoor growing space,  

 a greenhouse or  

 a combination of both (a hybrid growing system). 

 
A closed indoor growing space needs the whole year-round artificial lighting during 
the daily assimilation period (around 18 to 20 hours per day, depending on the plant). 
Plants need a dark phase of about 4 to 6 hours per day for metabolic reasons.  

Due to the lighting requirements in the closed indoor growing space, a significant 
amount of waste heat from the growing lights is warming the space. And, even with the 
low outside air temperatures of Svalbard this waste heat is overshooting the heat 
demand of the closed indoor growing space by far. It has to be cooled. This fact will be 
shown later in this document with the performed heat load calculations.  

On the other hand, with a greenhouse the natural sunlight can be used during the 
twilight hours and during polar day. Due to the fact, that plants require a daily dark 
phase, the transparent surfaces of the greenhouse have to be covered with darkening 
screens during the polar day. Further, the transparent surfaces of the greenhouse are 
losing more heat than the well-insulated non-transparent walls of the closed indoor 
growing space. So, the greenhouse would have a high heating demand, especially 
during the polar night. But, anyway, it is highly appreciable, that the sun is providing its 
light for photosynthesis and even the relatively low irradiation of Svalbard can improve 
significantly the energy balance of the growing space. For minimizing the heat losses of 
a greenhouse, especially in the polar night, a temporary thermal insulation should be 
used. 

Already these qualitative findings are giving the hint to combine the concepts of the 
both growing environments to a hybrid growing system which uses the advantages of 
each single growing environment in a symbiotic way. For example, waste heat from the 
closed indoor growing space can maintain adequate temperatures in the heat 
demanding greenhouse space. Quantitative statements are documented further below. 
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The following table is summarizing the qualitative statements for the three different 
basic concepts of growing environments: 

 

Closed Indoor Growing 

 

Greenhouse 

 

Hybrid Growing System 

(Closed Indoor Growing 

combined with Greenhouse) 

excess heat, to be cooled high heating demand well-adjusted heat balance 

no use of sunlight use of sunlight better use of sunlight 

all year long artificial 

illumination necessary 

artificial illumination only 

in polar night necessary 

artificial illumination only  

in polar night necessary 

light deprivation  

not necessary 

light deprivation 

necessary 

light deprivation  

necessary 

temporary thermal  

isolation not necessary 

temporary thermal 

isolation necessary 

temporary thermal  

isolation necessary 
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2.3 Energy Generation and Supply System of Longyearbyen  

As figured out before, food production and especially indoor cultivation needs a high 
amount of energy. If power and heat is not generated from diesel or Liquid Natural Gas 
(LNG) directly at the growing space, it has to be ordered from Longyearbyen’s 
municipal utility. This requires certain free capacities in the local power generation, the 
electrical grid and the district heating system. 

A sufficient and reliable energy supply system is therefore of highest importance for the 
technical feasibility of the local vegetable production in Longyearbyen. 

In Longyearbyen a co-generation power plant generates electrical power with a 
maximum of 7.5 MWel and heating with a maximum of 16.0 MWth. The heat is fed into a 
district heating system, the electricity is fed into the local grid. In addition, a central 
diesel generator can be connected to the grid to cover peak power demands. Further, 
there are some decentralized heating units connected to the district heating system, 
which provide heat on demand with a total additional capacity of 15.5 MWth and also 
some decentralized diesel back-up generators to provide redundant power capacities if 
needed. 

The primary loop of the district heating is operated with temperatures of 120/80°CIt is 
designed for a maximum pressure of 25 bar. The secondary loops with temperatures of 
70/50 °C (up to 100 °C) is designed for a maximum pressure of 16 bar.9 

Today, the power plant has to balance heat and electricity supply with only small 
storage capacities and a respectively low flexibility. Heat has to be supplied to secure 
the basic living requirements of Longyearbyen’s community. If there is coincidently not 
enough electricity demand, critical situations in the grid can occur due to overvoltage or 
instable frequency. For this reason, it has been discussed to ban decentral PV or wind 
power plants to avoid problems with the stability of this relatively small grid.10 On the 
other hand, if electricity demand is exerting a dominating influence, the co-product heat 
has to be emitted excessively to the environment. 

The main energy carriers for the power generation are coal and diesel. Recently, the 
power plant was updated for an estimated life expectancy until 2038.  

The following table shows the electricity and heat demand of Longyearbyen. 

 

Demand Total Per Capita 

Electricity 40,000 MWhel/a 18.6 MWhel/(a*cap) 

Heat Demand 70,000 MWhth/a 32.6 MWhth/(a*cap) 

 
Table 4: Longyearbyen – Electricity and Heat Demand 

 
 

Figure 8 shows the development of the energy supply/demand since the year 2000 and 
two prediction scenarios for the future. Since current policy is planning to stop the 
growth of the community, the projected increase of the energy demand seems to be 
not very realistic.  

                                                
 
 
9 Lokal Norm – Tekniske anlegg 
10 Teknisk Ukeblad 
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On the other hand, more and more people are willing to move to Longyearbyen, which 
would increase the energy demand and also the food demand which would the number 
of potential customers for Polar Permaculture. 

 

 
 

Figure 8: Heat and Electricity Demand of Longyearbyen11 
 

 
Figure 9 and Figure 10 show the maximum and minimum loads of the district heating 
system and of the electricity grid in 2017. Those curves are giving an interesting insight 
in potentially available free capacities. 

 

 

 
 

Figure 9: District Heating of Longyearbyen – Maximum (red) and minimum (orange) Loads12 

                                                
 
 
11 Future Energy System in Longyearbyen 
12 THEMA Rapport 2018-09 
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Figure 10: Electricity Grid of Longyearbyen – Maximum (blue) and minimum (green) Loads13 

 
In winter, there are short periods where the capacity of electricity generation is nearly 
maxed out. However, there has been no data available about how often these high 
peak-loads really occur. Sometimes, there are about 4 MWel of free capacity available 
in the grid, but in periods with high loads also peaks which exhaust the capacity. 

So, for further detailed planning it is highly recommended to involve the utility company. 
Instead of being a simple energy consumer, Polar Permaculture’s growing facility could 
be a welcome switchable load in the electrical grid and also in the district heating 
system. In times of electrical peak loads in Longyearbyen’s grid, the growing lights 
could be turned off or down easily – or vice versa, when the electrical grid needs to get 
rid of too much electricity. Anyway, the plants need a dark phase of 4 to 6 hours per 
day and this period of darkness doesn’t have to be provided necessarily as only one 
continuous period. It can be interrupted and thus be used very flexible for contributing 
to the peak load management of Longyearbyen’s electrical grid and district heating 
system.  

These options are not yet discussed with the utility company and thus are not yet 
priced in the later documented economical calculations, but maybe, a monetary 
advantage could be achieved, when it comes to a close cooperation with the utility 
company. So far, the standard tariffs are taken into the economic calculation. 

Table 6 and 5 are showing the standard cost structure for district heating and 
electricity. 

 

                                                
 
 
13 THEMA Rapport 2018-09 

 

Tariffs for Electricity 

Annual Base Price 235.57 € 

Electricity Price 20.0 ct/kWh 

Surcharge for Consumption between 10,001 kWh/a - 50,000 kWh/a +2 ct/kWh 

Surcharge for Consumption above 50,000 kWh/a +2 ct/kWh 

Power box (for events or construction purpose) 6.61 €/day 
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Table 5. Cost of Electricity in Svalbard14 

 
Heat will be billed every quarter depending on the actual consumption if a heat meter is 
installed or, alternatively, it will be billed based on a calculated demand according to 
the footprint of the provided facility.  

 

 
 
 
 
 
 
 

Table 6. Cost of Electricity and District Heating in Svalbard15 

 
 

 

Side note: 

The vegetable production in Longyearbyen is mainly motivated by providing fresh and 
nutrient rich food for the local market. 

Besides nutrients, the second, and as important purpose of food is to provide energy 
(kilocalories) to the human body.  

With the following roughly estimated considerations is shown, that the production of 
energy rich food cannot be an option for a local production in Longyearbyen. 

The human body needs food/energy of around 2.000 kcal per day, equivalently 2,32 
kWh per day. 

The efficiency converting energy from sunlight into biomass (plants/food) through 
photosynthesis is only 1%. This means, that the daily food for one person requires an 
energy input in form of (sun)light of 232 kWh/person and day, when the diet is 
vegetarian and when the whole plant matter is edible, which is most often not the case. 
Further, in absence of sufficient sunlight, artificial light has to be provided which is 
produced with electricity. When the artificial light source is estimated to have an energy 
efficiency of maybe 60%, the daily electricity demand for the food production of only 
one person reaches a value of at least 387 kWh/day or 141.255 kWh per year. With an 
electricity price of 22 Cent/kWh, the nourishment of only one person would cost 
31.076,- € per year for energy only, if realized exclusively with artificial lights. 

This shows clearly how important natural sunlight is for food production. 

Again, from the energy point of view, the object of vegetable production in Svalbard 
should mainly be to contribute to the nutrient supply of its inhabitants with fresh and 
healthy leafy greens, microgreens and herbs! 

 
 
 
 
 

                                                
 
 
14 Gebyrregulativ for 2019 vedtatt 
15 Gebyrregulativ for 2019 vedtatt 

Tariffs for Heat 

Annual Base Price 318.02 €/year 

Heat Price 5 ct/kWh 
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2.4 Potential of Renewable Energies 

For minimizing the CO2-Emissions of the vegetable production in Svalbard the 
electricity and heat produced by coal or mineral oil could be replaced by renewable 
energies like  

 

 Photovoltaics, 

 Wind Power or  

 Biogas. 

 
Hydro, wave and geothermal power are no options in Svalbard.  

Anyhow the potentials of these renewable energies are, connected to the small local 
power grid of Longyearbyen they could cause some stability issues due to their 
occasional volatility. How to integrate renewable energies into the local power grid has 
to be cleared in detail with the local utility company. 

The theoretical potentials of the above-mentioned renewable energy sources are 
outlined below. 
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2.4.1. Solar Power Potential 

Photovoltaic systems have several strengths, but also weaknesses within the frame 
conditions of Svalbard. The main limiting factor of solar power is the sun shine 
duration and intensity. There are only 4-5 months during polar day with profitable 
solar yields and only little and close to nothing during the twilight periods. 

 

 
 

Figure 11: Solar Potential in Svalbard 

 
During the sunshine hours, temperatures are low, and the sky is scarcely covered 
with heavy clouds, leading to high efficiencies of PV. Since the sun’s path is very 
low, panels could be attached to walls or elevated with steep slopes. To maximize 
solar yields, PV systems should be enhanced with solar tracking systems. While the 
benefit of a vertical single axis tracker (VSAT) promises to be very high, the 
increase of solar yields by enhancing from a one axis to a dual-axis system will 
probably not be much. 

Assuming a PV efficiency of 20%, following yields can be expected: 

 

Fixed PV (South, 80° slope) PV with 2-Axis Solar Tracker 

≈ 454 kWh/a per kWpeak < 855 kWh/a per kWpeak 

 
Since assimilation lights are the main consumer of electricity in plant cultivating 
systems, there is little coincidence of generation and demand, when greenhouse 
growing space is available. Battery storages could increase the rate of own use but 
come with high investment costs. 

Concluding, PV technology is efficient in the local climate, but solar yields accrue 
not simultaneously with high demands. This changes with increasing the footprint of 
the vegetable production in containerized units without windows or other transparent 
surfaces. Though, when electricity is mainly used to operate growing lights, windows 
are far more efficient regarding costs and ecological impacts. 
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For the minor electricity consumers in growing systems like pumps and fans, a small 
PV setup could be beneficial. 

PV Systems without solar tracker need no special measures to cope with the climate 
of Svalbard and can be attached to buildings. The investment costs for small 
systems are about 1.200 € per kWpeak. With an efficiency of about 20 %, and a south 
facing slope of 80 °, the electricity generation could be about 454 kWh/kWpeak per 
year. 

Common PV systems with dual axis solar tracker cost at least 2.000 €/kWpeak in 
larger scales. Assuming an increase of costs due to a smaller size and to bear with 
the cold climate, these systems could cost about 1.500 € per kWp of installed 
capacity. 

To follow the low sun path, PV systems in Svalbard can rely on solar tracking 
systems with one or two axes. It could be possible to increase the annual electricity 
generation of PV systems to 724 kWh/kWpeak with a proper movement algorithm. 

Today, battery storages for PV systems cost about 10 Cent per kWh stored energy. 
With the given numbers, the cost of electricity can be estimated.  

 

Estimated Full Cost PV Svalbard 
Fixed PV 
Systems 

PV Systems with 
Solar Tracker 

Capital Cost  

 Total Investment 1.200 €/kWpeak 2.000 €/kWpeak 

 Period of Depreciation 20 a 20 a 

 Interest Rate 2% 2% 

 Annual Capital Cost 73 €/a 122 €/a 

Operation Related Cost 

Specific Maintenance Cost 1,00 % of Invest 1,00 % of Invest 

 Annual Operation Related Cost 12 €/a 12 €/a 

Other Cost 

 Specific Other Cost 1,00 % of Invest 1,00 % of Invest 

 Annual Other Cost 12 €/a 12 €/a 

Yield  

 Generated Solar Power 454 kWh/kWpeak*a 800 kWh/kWpeak*a 

Specific Price of Solar Power  21,5 Cent/kWh 18,3 Cent/kWh 

Energy Storage  

Cost for Energy Storage 10,0 Cent/kWh 10,0 Cent/kWh 

Specific Price of Solar Power  
including Battery Storage  

31,5 Cent/kWh 28,3 Cent/kWh 

 
Table 7: Price Estimation of electricity from PV Systems  

 
The specific price of solar power could be slightly below the purchasing price of 
electricity from Longyearbyen’s local grid.   
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2.4.2. Wind Power Potential 

There have already been studies about the feasibility of wind power plants in 
Svalbard. In general, the local wind conditions could be proper for a profitable 
operation wind power plants in Svalbard. Wind power plants in arctic regions need 
about 4 m/s of monthly average windspeed to be profitable. The local wind regime is 
sufficient most of the time. Capacity factors could be about 0.35 during winter, 
around 0.23 in autumn and spring and up to 0.1 in summer. 

 
 

Figure 12: Possible Capacity Factors16 & Monthly Average Windspeed 

 
Due to warm streams in the sea, wind is faster in dark periods. Thus, there is a good 
chance for coincidence of electricity demand for assimilation lights for the growing 
environment and the electricity generation by wind power plants. 

Although there is a proper wind regime, the special conditions in Svalbard lead to 
several issues with the operation of wind power plants, which makes it more 
expensive: 

 foundations stand on or in permafrost, 

 materials must endure low temperatures, 

 structures, surfaces and moving parts are occasionally covered 
with ice, 

 snow sometimes ingresses in holes and leakages, 

 maintenance in cold weather and darkness and  

 there are probably no local specialists for maintenance. 

 

Due to the limiting factors for the size of the local vegetable production, only small-
scale wind power plants are reasonable for this project. There are models which 
have already been tested in arctic conditions. The necessary investment costs per 

                                                
 
 
16 Future Energy System in Longyearbyen 
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installed kW could vary between 2.500 € and 7.500 €, depending on size, type and 
location.  

Assuming relatively high costs for maintenance and a lower efficiency due to the 
special weather conditions and higher rates for insurance, following estimation for 
the price of electricity can be made. 

 

Estimated Full Cost Small Scale Wind 
Power Plant Svalbard 

Low Cost  
System 

High Cost  
System 

Capital Cost  

 Total Investment 2.500 €/kW 7.500 €/kWpeak 

 Period of Depreciation 20 a 20 a 

 Interest Rate 2% 2% 

 Annual Capital Cost 153 €/a 459 €/a 

Operation Related Cost 

Specific Maintenance Cost 1,00 % of Invest 1,00 % of Invest 

 Annual Operation Related Cost 12 €/a 12 €/a 

Other Cost 

 Specific Other Cost 3,00 % of Invest 2,00 % of Invest 

 Annual Other Cost 75 €/a 150 €/a 

Yield  

 Capacity Factor 25% 25% 

Full Utilization Hours 2,190 h/a 2,190 h/a 

Annual Yield 2.190 kWh/kW 2.190 kWh/kW 

Specific Price of Wind Power  15,0 Cent/kWh 38,1 Cent/kWh 

Energy Storage  

Cost for Energy Storage 10,0 Cent/kWh 10,0 Cent/kWh 

 
Table 8: Price Estimation for electricity from on-land Wind Power Plants 

 
Assuming average specific cost of 5.000,- €/kW for small scale systems wind power 
seems not to be a viable option for beating the price for electricity from 
Longyearbyen’s electrical grid.  

With this specific investment the specific price of wind power would be around 26,6 
Cent/kWh. 
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2.4.3. Biogas Potential 

A less volatile renewable energy resource could theoretically be seen in biogas 
produced from biomass waste streams. 

Currently, all biomass waste is directly or indirectly littered into the sea. 

These so far not yet used biomass waste streams in Longyearbyen are as follows: 

 waste from vegetable imports 

 kitchen waste 

 dog faeces 

 human faeces 

 

Waste Stream 
Mass 

(FM)  

Energy 

Density 

Biogas 

Potential 

Absolute 

Energy 

Content 

Waste from Vegetable 

Imports  

(15% DM) 

78 t/a 319 kWh/t 4.446 m³/a 24.882 kWh/a 

Kitchen Waste  

(15 % DM) 
107 t/a 552 kWh/t 9.844 m³/a 59.064 kWh/a 

Dog Faeces  

(20% DM) 
32 t/a 360 kWh/t 1.920 m³/a  11.520 kWh/a  

Human Faeces  

(20% DM) 
110 t/a 360 kWh/t 6.600 m³/a 39.600 kWh/a 

Farming Waste (15% 

DM) 
5 t/a 360 kWh/t 1.500 m³/a 1.800 kWh/a 

Total or Average 332 t/a 412,3 kWh/t 23.110 m³/a 136.866 kWh/a 

           DM = Dry Matter, FM = Fresh Matter 

Table 9: Biogas Potential from Biomass Waste Streams of Longyearbyen 

 
Each source of biomass waste streams is discussed separately in the chapters 
below. 

In the best case, Longyearbyen’s total biogas production could be around 23.110 m³ 
per year, with an energy content of about 136.866 kWh per year. 

The main and dominant purpose of a biogas power plants is the production of 
electrical power and heat in a CHP-system (Combined Heat and Power system). 
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Thus, the economics of a biogas powerplant is mainly determined through the 
revenues of the produced electrical power and heat. 

Furthermore, the production of biogas and energy is bound to by-products.  

One of these products are the fermentation residues (digestate) which can either be 
used in liquid or in dried form as fertilizer for improving plant growth and replacing 
fertilizer imports.  

The other by-product is CO2 in the exhaust gas from burning the biogas in a CHP-
system. CO2 could theoretically be used for the enrichment of the air of the growing 
environment. This would improve the yields significantly. Liquid or compressed CO2 
could be replaced. But the by-products are of minor importance for the economics of 
a biogas-power plant. 

Anyhow, before the biogas potential in Longyearbyen can be utilized, two main 
objectives have to be performed and some specific frame conditions have to be 
fulfilled.  

 First, a biomass collection infrastructure has to be developed and 
established. Since this involves not only the operators of the biogas power 
plant or the farming operation but all people in Longyearbyen, the whole 
municipality is affected. The cost of the collection of biomass is not priced-in 
the economical calculations documented below. 

 Second, the biogas digester and the CHP unit require a big investment, 
which only pays back, when the operations hours are more or less the whole 
year round and the both co-generated products, the electrical power and the 
heat, can always be used efficiently. This requires a permanent heat sink. 
Due to the waste heat from the growing lights the growing environment is not 
such a permanent heat sink.  

 Further, the size of the biogas power plant would be relatively small, what 
causes high basic cost and high specific cost for its components. 

 But, the most critical issue is the high energy demand for heating up the 
biomass and for keeping the biogas digester warm to start and maintain the 
biological processes. A significant part of the energy content of the biogas 
has to be used for this purpose.  

 Additionally, to the aforementioned aspects additional obstacles might occur 
with the usage of faeces in general and human waste specifically. When 
handling these kinds of biomasses close to a vegetable farming facility 
hygienic measures have to be realized according to laws and guidelines.  

 The waste material which comes out of the biogas production is rich in 
minerals and fertilizer which is normally applicable in horticulture. Introducing 
dog and human faeces into the process is changing the legal status of the 
digestate to sewage sludge which is prevented from any use in growing 
environments. 

 

However, to show roughly the economic situation for the use of biomass, the biggest 
possible setup of a biogas power plant has been assessed, assuming that the 
collection of all the biomass in Longyearbyen is already established. This 
economical evaluation has to be valued only as theoretical investigation. 

The result is, that even with the exclusion of said cost for the overall collection of the 
biomass, the investment in a biogas power plant is not economic at all. This is 
figured out with the full cost calculation documented with the following table. 
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Biogas Potential Longyearbyen 

Waste from Vegetable Imports 

Max. biomass accumulation 78 t/a 

Gathering efficiency 100% 

Available biomass 78 t/a 

Biogas Yield 57 m³/ t 

Available Biogas 4.446 m³/a 

Energy Density of Biomass 319 kWhth/t 

Energy Content of Biogas 24.882 kWh/a 

Kitchen Waste 

Max. biomass accumulation 107 t/a 

Gathering efficiency 100% 

Available biomass 107 t/a 

Biogas Yield 92 m³/ t 

Available Biogas 9.844 m³/a 

Energy Density of Biomass 552 kWhth/t 

Energy Content of Biogas 59.064 kWh/a 

Dog Faeces 

Max. biomass accumulation 32 t/a 

Gathering efficiency 100% 

Available biomass 32 t/a 

Biogas Yield 60 m³/ t 

Available Biogas 1.920 m³/a 

Energy Density of Biomass 360 kWhth/t 

Energy Content of Biogas 11.520 kWh/a 

Human Faeces 

Max. biomass accumulation 110 t/a 

Gathering efficiency 100% 

Available biomass 110 t/a 

Biogas Yield 60 m³/ t 

Available Biogas 6.600 m³/a 

Energy Density of Biomass 360 kWhth/t 

Energy Content of Biogas 39.600 kWh/a 

Farming Waste 

Max. biomass accumulation 5 t/a 

Gathering efficiency 100% 

Available biomass 5 t/a 

Biogas Yield 60 m³/ t 

Available Biogas 300 m³/a 

Energy Density of Biomass 360 kWhth/t 

Energy Content of Biogas 1.800 kWh/a 

Total Weight of Biomass 332 t/a 

Total Biogas Potential 23.110 m³/a 

Total Energy Content of Biogas 136.866 kWh/a 
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Full Cost Calculation Biogas Longyearbyen 
(according to VDI 2067) 

Energy Performance CHP 

Biogas Input 136.866 kWh/a 

Desired Full Load Hours 8.000 h/a 

Resulting Biogas Input Power 17,11 kW 

Electrical Efficiency 35,00% 

Electrical Efficiency 55,00% 

Electrical Power of CHP-System 5,99 kWel 

Generated Electricity 47.903 kWhel/a 

Parasitic Electricity 
10,00% 

4.790 kWhel/a 

Usable Electricity 43.113 kWhel/a 

Thermal Power of CHP-System 9,41 kWth 

Produced Heat 75.276 kWhth/a 

Usable Heat 
50,00% 

37.638 kWhth/a 

  

Prices and Calculation Basis 

Energy Prices   

Electricity Price 22,00 Cent/kWh 

Heat Price 5,00 Cent/kWh 

Economic Frame Conditions   

Depriciation Time 10 years 

Interest Rate 1,50% 
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  Capital Cost 

Biogas-System   

Specific Cost of Biogas-System 10.000,- €/kWel 

Investment 59.879,- € 

Depriciation Time 10 Jahre 

Interest Rate 1,50% 

Annuity 0,1084 

Annual Cost 6.493,- €/a 

CHP-System   

Specific Cost of CHP-System 4.500,- €/kWel 

Investment 26.945,- € 

Depriciation Time 10 Jahre 

Interest Rate 1,50% 

Annuity 0,1084 

Annual Cost 2.922,- €/a 

Peripheric Systems and Infrastructure   

Investment 20.000,- € 

Depriciation Time 10 Jahre 

Interest Rate 1,50% 

Annuity 0,1084 

Annual Cost 2.169,- €/a 

Total Cost 106.824,- € 

Annual Capital Cost 11.583,- €/a 
  

Operation Cost 

General   

Maintenance Cost of Biogas Digester  
3,0% v. Invest. 

1.796,- €/a 

Maintenance Cost CHP 
5,00 Cent/kWhel 

2.395,- €/a 

Maintenance Cost of Peripheric System  
and Infrastructure 

5,0% v. Invest. 

1.000,- €/a 

Personnel   

Time Effort for Inspection and Operation 250 h/a 

Hourly Rate 35,- €/h 

Annual Cost for Inspection and Operation 8.750,- €/a 

    

Total Annual Operation Cost 13.942,- €/a 
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Table 10: Full cost calculation of a biogas power plant 

 

 

Even based on complaisantly set frame conditions, the calculation shows clearly, 
that the usage of biomass in a biogas power plant is economically not viable. 

 
 
 
 
 
 
 
 
 
 
  

Other Cost 

Administration   

Annual Cost of Administration 
0,3% of Invest 

320,- €/a 

Insurance   

Annual Cost of Insurance 
0,5% of Invest 

534,- €/a 

Total Annual Other Cost 855,- €/a 
  

Benefit from usable Heat 

Specific Heat Price 5,00 Cent/kWh 

Usable Heat 37.638 kWhth/a 

Total Benefit from Usable Heat 1.882,- €/a 

Full Cost Calculation Biogas Longyearbyen 
(according to VDI 2067) 

Capital Cost 11.583,- €/a 

Operation Cost 13.942,- €/a 

Other Cost 855,- €/a 

Benefit from Usable Heat -1.882,- €/a 

Total Cost of Electricity Generation with 
Biogas 

24.498,- €/a 

Usable Electricity 43.113 kWh/a 

Specific Price of Electricity from Biogas  56,82 Cent/kWh 

Specific Electricity Price from Utility Company  22,00 Cent/kWh 
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2.4.3.1 Waste from Vegetable Imports 

To quantify the available biomass of vegetable imports either data of the harbour 
and administration or of the supermarket, restaurants and hotels could be gathered. 
To get an estimation, following approach can be made: 

The German Societies for Nutrition (DGE) recommends a vegetable consumption of 
400 g per day but most people do not eat this amount of vegetables. In addition, the 
special conditions regarding the availability of vegetables should influence the daily 
vegetable consumption. It is assumed, that in Svalbard the average vegetable 
consumption per person is about 150 g every day. 

The number of residents in Svalbard are 2.144, if every person eats on average 150 
g and 40 % of the imports are wasted, a total of 250 g must be imported to have 
enough vegetables for the people in Svalbard. 17 This sums up to about 78 t of 
biomass per year. 

The total amount of biogas which could be annually produced, is 4.446 m³/a. 
Assuming a heating value of 10 kWh/m³ for methane and a concentration of 60%, 
the contained energy would be 24.882 kWhth/a. The following table shows all 
information which are necessary. 

 

Waste from Vegetable Imports 

Number of residents in Longyearbyen 2.144 

Average Vegetable Consumption 150 g/d per person 

Waste Ratio of Imports 40% 

Vegetable Imports per Person 250 g/d per person 

Vegetable Waste per person 100 g/d per person 

Biomass Potential 78 t/a 

Specific Biogas Yield 57 m³/ t  

Biogas Potential 4.446 m³/a 

Assumed Methane Concentration 60% 

Energy Content of Methane 10 kWh/m³ 

Biogas Energy Potential 24.882 kWh/a 

 
Table 11:  Waste from Vegetable Imports Biogas Potential 

 
To gather the available biomass, no special infrastructure would be necessary. The 
consumers, e.g. the supermarket, must get rid of the vegetable waste anyway. To 
transport the biomass to another location would be little additional effort. 

On the other hand, the biogas output per t of biomass is not high comparing to the 
other biomass sources. 

  

                                                
 
 
17 Ca. 40 % - 50% of Imports by plane, 40 % by ship. Source: Benjamin Vidmar & Hege Giske 
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1.1.1.1 Kitchen Waste 

The average amount of kitchen waste produced per person can be assumed to be 
approximately 50 kg per year. That makes overall a total of 107 t of available 
biomass per year.  

The total amount of biogas which could be produced, is 9.844 m³/a. Following the 
same calculation as in the previous sub-chapters, the thermal energy potential 
would be 59.064 kWh/a. In the following table all necessary information is shown. 
 

Kitchen Waste 

Number of residents in Longyearbyen 2.144 

Average annual Kitchen Waste per Person 50 kg/a per person 

Biomass Potential 107 t/a 

Specific Biogas Yield 75 m³/ t  

Biogas Potential 9.844 m³/a 

Assumed Methane Concentration 60% 

Energy Content of Methane 10 kWh/m³ 

Biogas Energy Potential 59.064 kWh/a 

 
Table 12: Kitchen Waste Biogas Potential 

 

While the potential seems promising, there are some obstacles. Today, Svalbard 
does not support recycling of kitchen waste. Instead, the kitchen waste gets thrown 
into the garbage disposal in the sink. From there the shredded waste gets 
transported to the sea, where it is disposed 62 m below the sea level. To make the 
kitchen waste available for biogas production, measures have to be taken from the 
community of Longyearbyen. 
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2.4.3.2 Biomass from Dog Faeces 

In Svalbard, a total of 770 dogs have been present in 2015. Those can be divided 
into 370 dogs used commercially e.g. for dog-sledding and 400 dogs owned by 
private households.18 There are existing projects, like in Cambridge Massachusetts 
in the United States of America and in Malvern Hills in Great Britain which prove the 
feasibility to use dog faeces for the production of biogas. 

The total available biomass of dog faeces depends highly on the collection system 
or infrastructure. It is assumed, that most of the faeces of commercial dogs is lost 
during their trips, but the faeces of dogs from private households could be gathered 
more effectively. 

The available biomass could amount about 32 t per year, which leads to a biogas 
potential of 1.920 m³/a. Assuming an energy content of 10 kWh/m³ for methane, the 
thermal energy potential would be 11.520 kWh/a. 

 

Dog Faeces 

 Commercial 
Dogs 

Dogs from private 
Households 

Number of Dogs in Longyearbyen 370 400 

Assumed daily Faeces per Dog 250 g/d per dog 250 g/d per dog 

Total daily Faeces 93 kg/d 100 kg/d 

Annual Faeces 34 t/a 37 t/a 

Assumed Collection Rate 30% 60% 

Biomass Potential 
10 t/a 22 t/a 

32 t/a 

Specific Biogas Yield 60 m³/ t 

Biogas Potential 1.920 m³/a 

Assumed Methane Concentration 60% 

Energy Content of Methane 10 kWh/m³ 

Biogas Energy Potential 11.520 kWh/a 

 
Table 13: Dog Faeces Biogas Potential 

 
Theoretically, the use of dog faeces has a biogas potential, but a look on possible 
issues needs to be taken: 

 
 Dog faeces need to be collected and transported to the biogas plant. A form of 

reinforcement for the dog owners will be needed. If containers are installed in 
Svalbard they need to be labelled, that just dog faeces are collected there. 

 The purity of faeces might be a problem. Special bags which are suitable for the 
biogas plant need to be made available for the dog owners. The bags which are 
disposed could be contaminated which could lead to issues with the biogas 
production. 

                                                
 
 
18 ThisIsSvalbard2016 
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 The hygiene factors need to be taken into consideration. Dogs are omnivore, so 
their faeces have a higher potential of pollution with pathogenic germs. Thus, 
they require a sanitation stage before being fermented. This leads to a much 
more complicated process than usual, since normally herbivore faeces are used 
as sources for biogas production. 

 
The dog sledding companies are using straw as bedding when it is very cold. Today, 
the used straw is littered into the river. An infrastructure for the collection of faeces 
could also be used to gather this dirty straw and transport it to the biogas plant. 
However, the quantity of dirty straw is little and is thus neglected in this evaluation. 
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2.4.3.3 Biomass from Human Faeces 

The second option would be to establish a waste water treatment. Due to the 
climatic conditions, a treatment plant ought to be placed inside a heated building or 
underground. 

The waste water goes through different stages of filtering systems once it enters the 
treatment plant, including mechanical and biological filtration. One of the final 
products which are left, is the sewage sludge. The sludge can be transferred into the 
biogas plant. 

For logistical reasons it might be functional to place the biogas plant next to the 
sewage treatment plant. Otherwise the sewage sludge would need to be transported 
to the biogas plant and costs for logistics are added. 

Since the sewage does not only include kitchen waste but also faeces of the 
inhabitants, there would theoretically be an additional source for the biogas 
production. In the following table the biogas potential of human faeces is shown. If 
just the numbers of residents living in Longyearbyen are taken into account, 
excluding tourist overnight stays, then an assumed amount of 110 t of fresh mass of 
human faeces could be made available annually. This amount could have a biogas 
potential of 6.600 m³ per year and the thermal energy potential would be about 
39.600 kWh/a. 

 

Human Faeces 

Number of Residents in Longyearbyen 2.144 

Daily Faeces per Person 140 g/d per person 

Daily Faeces in Sewage 300 kg/d 

Annual Faeces in Sewage 110 t/a 

Specific Biogas Yield 60 m³/ t 

Biogas Potential 6.600 m³/a 

Assumed Methane Concentration 60% 

Energy Content of Methane 10 kWh/m³ 

Biogas Energy Potential 39.600 kWh/a 

 
Table 14: Human Faeces Biogas Potential 
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2.4.3.4 Farming Waste 

Growing vegetables is always bound to losses, e.g. due to quality issues or not 
edible parts. These losses could theoretically be utilized for biogas production. 

Per 1 t of farming waste approximately 60 m³ of biogas could be produced. 
Assuming a methane concentration of 60 %, the energy potential would be 1.800 
kWh/a for estimated 5 t of farming waste. 

 

Farming Waste 

Estimate maximum quantity 5 t/a 

Specific Biogas Yield 60 m³/t  

Assumed Methane Concentration 60% 

Energy Content of Methane 10 kWh/m³ 

Biogas Energy Potential 1.800 kWh/t 

 
Table 15: Farming Waste Biogas Potential 

 
Farming waste is normally used for composting but could also supplement the 
biogas plant. 
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2.5 Population Structure, Food and Nutrient Demand 

In the year 2015, Longyearbyen was inhabited by 2.144 residents.  

There are two further noteworthy settlements on Svalbard: 

 Ny-Ålesund 

35 - 120 Inhabitants 

Norwegian outpost, mainly for scientific work;  

 

 Barentsburg 

471 Inhabitants (2015) 

Russian settlement, mainly for coal mining; 

 
Due to the Svalbard Treaty, signatory countries like Russia are allowed to exploit 
natural resources. Barentsburg mainly relies on coal mining and is supplied with food 
and coinage by the Russian mainland. 

The mayor share of the population of Longyearbyen is between 20 and 44 years old 
with slightly more male inhabitants than female.  

Figure 13 shows the demographics of Longyearbyen & Ny-Ålesund. 

 

 
 

Figure 13: Demographics – Longyearbyen & Ny-Ålesund (2018)19 

 
The current policy plans no growth of the settlement, since the maintenance of 
infrastructure is expensive in these harsh climatic conditions.  

The scale of vegetable production in Svalbard is limited by several frame conditions. 
The most determining driver is the real demand of fresh vegetable, especially of leafy 
greens, microgreens and herbs.  

There are 2.144 inhabitants in Longyearbyen and up to 120 people in Ny-Ålesund. 
Barentsburg is supplied by Russia and should not be included for the time being.  

                                                
 
 
19 Statistics Norway 
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Additionally, there have been about 130.000 guest-nights in hotels and pensions of 
Longyearbyen (basis 2015), which can be included in the estimation of the real market 
potential for vegetables in Svalbard.  

An uncertain number of tourists are staying at the cruise ships might eat in 
Longyearbyen’s restaurants, but this number is not a taken into consideration for the 
estimation of Svalbard’s the vegetable demand.  

There is a limited demand for the sheer quantity of vegetables to consider.  

It is recommended to eat about 400 g to 600 g of vegetables per day.  

Though, vegetable production in Longyearbyen will probably be limited for several 
reasons, as mentioned already before, to a selection of leafy greens, microgreens and 
herbs.  

Normally, people buy a bigger variety of vegetables (fruit and root vegetables).  

And, in addition, most people do not stick to the recommended healthy nutrition 
guidelines and eat usually less vegetables. 

For a rough and cautious evaluation of the market potential, a daily consumption of 
leafy greens, microgreens and herbs is estimated as follows: 

 

 

 
 

 

 

 

 

The maximum annual demand (market size) for leafy greens, microgreens and herbs 
could then amount for up to 44.568 kg per year.  

For the initial setup of a commercial vegetable production in Longyearbyen the targeted 
market share for Polar Permaculture could be about 10 % of the total market, which is 
about 4,5 metric tonnes of vegetable per year. Confirming the feasibility for a vegetable 
growing facility in Svalbard for this relatively small market share only, the expansion to 
bigger market shares will then be commercially viable. 

Beside the sheer quantity of vegetables, the local availability of fresh vegetables could 
contribute to the health of the inhabitants of Svalbard. Imported vegetables loose some 
of their inherent nutrients during the long transport journeys. Local grown vegetables 
would therefore bring some important nutrients to Svalbards inhabitants. 

The human body needs energy (kcal), water and several nutrients which it cannot 
produce by itself. The demand depends on age, gender, activity and other factors. 
There are guide values for different age groups and gender from the German, Austrian 
and Swiss Societies for Nutrition which can be applied for an estimation of the 
necessary nutrients for Svalbards inhabitants with the given demographics. 20 

                                                
 
 
20 Guides Values from:  GU Nährwert Kalorien Tabelle: D-A-CH-Referenzwerte für die tägliche Nähr- 

und Mineralstoffzufuhr 

Consumers No. 
Estimated 

Daily Demand 
Yearly Demand 

Inhabitants 2.264 persons 50 gr/person 41.318 kg/year 

Visitors/Guest Nights 130.000 visitors 25 gr/visitor 3.250 kg/year 

Maximum Market Potential - - 44.568 kg/year 
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The most popular and used measurement for food is the amount of contained energy 
given in kilocalorie. In case of fresh vegetables, one simple calculation which estimates 
the necessary growing space shows the futility of concentrating on energy only: 

 Under the given circumstances, the overall efficiency of photosynthesis 
could be about 1 %. Thus, to meet the target value energy of 1,961 MWh 
by Longyearbyen’s population, crops would need at least 196,100 MWh of 
energy supplied by sunlight every year.  

 With the annual accumulated sunlight of 636.8 kWh per m² (GHI), this 
would need an area of plants of about 308.000 m². This would require a 
heated greenhouse of about 625 m x 625 m considering some losses and 
no perfect space utilization … 

Therefore, the object should be to focus on the nutrient supply for the population. The 
best way to meet one’s nutrient demand is a healthy diet with a respective share of 
fresh vegetables. Leafy greens, microgreens and herbs provide a wide range of 
nutrients, whereas energy and several vitamins or nutrients are mainly found in grains, 
meat, dairy, fruit and root vegetables, fruits, spices, processed food and so on.  

Again, the goal should thus be to cultivate leafy greens, microgreens and herbs which 
endure low temperatures and do not need much light for producing nutrients and 
vitamins. Different vegetables produce different nutrients and vitamins. The table 
shows also the total demand of Longyearbyen’s inhabitants for the listed nutrient. So, 
one aspect of growing vegetables in Longyearbyen could be to meet the nutrient 
requirements of Longyearbyen’s inhabitants with a well-sorted selection of specific 
vegetables. A so-called “Nutrient Tool”, an Excel-sheet with a vegetable/nutrient 
database (NutriTool Polar Permaculture.xlsm, handed out with this study), has been 
developed within this feasibility study to compile the selection of vegetables for meeting 
specific nutrient demands. 

For the further evaluations of the business concept, the design of the growing space 
and also for the economical calculations, lettuces, microgreens and herbs are taken 
into consideration for this feasibility study. 
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2.6 Local Food Supply Infrastructure and Market Prices 

In general, small farms can only thrive when maintaining closed partnerships with 
nearby consumers in the frame of a circular economy. Then, a local vegetable 
production could most certainly be a lucrative business. A continuous dialogue about 
the consumer’s demand and the farms expected vegetable supply is a key factor.  

Currently, no vegetables are cultivated in Svalbard, except Polar Permaculture’s 
experimental greenhouse, so the local food supply needs to be ensured by imports. 
This takes place by two different means of transport: Leafy greens and other perishable 
sources of food are transported to Svalbard by airplane and the remaining are shipped 
over the seaway. 

During the long transport routes about 40 % of the imported vegetables are spoiled and 
are littered into the sea on arrival.21 This is mainly caused by storage issues, breaking 
of the cold-chain and the sheer travel duration.  

The food which arrives in Svalbard is sold to the people living in Longyearbyen by the 
supermarket Svalbardbutikken or to local restaurants and hotels.  

In total, the consuming companies of vegetable and herbs imports are 1 supermarket, 
14 restaurants, 9 hotels and a brewery. 

In comparison to the mainland in Norway, Svalbard has no value added tax applied on 
products and income taxes are lower. Thus, although the transportation is costly, many 
goods are cheaper while perishable foods or niche products are more expensive. 

Figure 14 shows the price level index for several consumption groups compared to the 
Norwegian mainland.  

 

 
Figure 14: Price Level Index Svalbard22 

 
This figure shows a 20% higher price level for food in Svalbard in general. 

  

                                                
 
 
21 Source: Benjamin Vidmar & Hege Giske 

 
22 Statistics Norway 
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Leafy greens, like lettuces, are even higher in price.  

The following screen copy indicates an average price for a head of lettuce of 54,- NOK, 
respectively 5,62 €, varying from 4,16 € (40,- NOK) up to 7,08 € ( 68,- NOK). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 15: Price Level of Lettuce in Svalbard 

 
 

For the later documented economical evaluation, the following specific prices of the 
selected vegetables are taken into account: 

 
 
 
 
 
 
 
 
 
 
  
 
 
 
 

  

Vegetable Specific Price Weight per Unit Price per kg 

Lettuce (Leafy Greens) 5,62 €/head 300 gr/head 18,73 €/kg 

Microgreens 1,20 €/tray 25 gr/tray 48,00 €/kg 

Herbs (Basil, Coriander, etc.) 2,50 €/pot 50 gr/pot 50,00 €/kg 
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2.7 Local Laws 

Within the scope of this study certain laws and regulations must be considered to 
ensure that all criteria are met, which concern establishing and operating a vegetable 
production in Svalbard.  

In addition to the Norwegian legislative, there are several local laws which deal with the 
special conditions of Svalbard.  

For a local vegetable production, the most important one is the Svalbard Environment 
Protection Act.  

The aim of this law is the preservation of the environment in Svalbard regarding the 
continuous areas of wilderness, landscape, flora, fauna and cultural heritage. It permits 
settlement, research and commercial activities which do not damage the environment. 
The law leaves the local authority room for interpretation and enforcement.  

It is stated, that nobody may start taking measures to cultivate species of flora and 
fauna without the approval of the environmental protection office. The import of live 
specimens of wild flora and fauna which are either already established or could settle in 
Svalbard’s environment is regulated by this act and a permission must be obtained to 
do so. 

The operation of a vegetable production in Svalbard would be based on imports of 
seeds and fertilizer as well as maybe on substrates and plants. For this reason, it 
would be a subject for the Svalbard Environment Protection Act. 

The basic principle for every operation in Svalbard is, that all negative environmental 
impact has to be reduced or at least not increased. Since imports and related waste will 
be avoided with the local vegetable production the principal laws should not prevent its 
operation. But, caused by the vegetable production there will definitively be some 
waste left in Longyearbyen. For example, plastic waste (net pots) or rockwool substrate 
from the cultivation system as well as packaging materials might generated more waste 
in Longyearbyen. It might be beneficial for getting the building permission to instigate 
measures which will reduce said waste. 

 
Norwegian Laws related to Biogas Power Plants: 

The national goal of Norway is to reach a 30% usage of manure before the year 
202023. Despite the governmental will, the development has been slow mainly because 
these materials do not serve large scale biogas or composting operations. 

Additionally, the usage of the animal by-products, as manure or faeces, requires a 
more complicated building permission process, making it a matter of national authority. 

Based on the environment protection acts24 and the waste regulation25 no waste or 
potential hazardous materials should be brought into the environment, not to change 
the habitat of the flora and fauna.  

The current waste disposal system seems to have avoided these regulations by 
pumping the sewage into the sea and thereby outside of the restrictions. Future 
changes in this regulation could bring the necessity for local waste treatment. 

                                                
 
 
23 Scandinavian Biogas Handbook  
24 Svalbard Environment Protection Act 
25 Svalbard Regulations 

 



  

20190420_Feasibility-Study_PolarPermaCulture.docx                                                                                                                                                  
47 

3. Business Concept 

The business concept for the production and marketing of vegetable has to fit in the 
boundaries of the previously worked-out frame conditions, limiting factors and drafted 
conclusions.  

A feasible business approach can be described as follows. 

 Purpose of the business: Production and sales of leafy greens, microgreens 
and herbs in the local market; 

 Preferred customers: restaurants, canteens, hotels and end consumers;  

 Implementation of business in at least two steps:  

In a first step, starting production in a growing space which is sized for a market 
share of 10%; 

In a second or in more steps, increasing the growing space, depending on the 
market demand, linearly up to a maximum size of 280 m², targeting a market 
share of 50%; 

 Competitive advantages: Delivering vegetables at market prices but at highest 
quality, fresh, tasty and healthy; In Svalbard, these are valuable product 
characteristics which can justify maybe also higher prices.  

 High diversification: 

Even, if this feasibility study is focussed only on a few vegetables (as 
representative examples) a high degree of diversification will be beneficial for 
the relatively small market in Svalbard. Vegetables with high specific revenues 
will not be consumed in large quantities, so supply should be harmonized with 
demand to avoid food being spoilt. A common mistake is to grow only a few 
types of vegetable like basil because - in theory - it should be most profitable. 
But there is little need for these high profitable vegetables, especially with a 
community of around 2.200 inhabitants. But the outlined business approach has 
the inherent ability to adjust to the market demand very briefly. So, 
diversification will develop after a few growing cycles. 

 The main goal should be to establish long lasting and close business 
partnerships. A steady communication between producer and buyer can 
ensure, that cultivated vegetables get sold and do not perish in storages or 
shop counters. Chefs appreciate good quality and reliable deliveries on 
demand. 

 Tourism can be of great importance for the selling of vegetables to hotels and 
restaurants. Forecasts of visitors and agreements with their accommodations 
can be valuable information to predict demand. 

 It is already intended to open a so called zero-waste restaurant in close 
cooperation with the planned vegetable production. The concept is about 
closing material cycles and avoiding waste streams. By introducing a vegetable 
farm and a restaurant together as a symbiotic system, the media impact for 
both could be larger. In general, the restaurant can be the most reliable 
customer of the vegetable farm. 
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4. Hybrid Growing Design Concept 

According to the previously outlined frame conditions, the vegetable growing space has 
to be sized for meeting the market demand in the initial phase, with the option to 
expand the operation in case of positive market response.  

The growing space has to provide optimized growing conditions with a minimized 
environmental impact at highest efficiency.   

For these reasons, as basic design concept a hybrid growing space, a combination of a 
closed growing container and an energy optimized greenhouse, has been chosen. 

In this context, the following chapters are describing: 

 

 the suitable hydroponic or substrate growing systems for producing leafy 
green, microgreens and herbs, 

 the climate conditions to be maintained for the best growing environment, 

 the dimensions (footprint) of the growing space for the initial phase and 

 the basic physical concept of the hybrid growing environment. 
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4.1 Growing Systems 

For reaching a high productivity of the vegetable production facility, mainly soilless 
cultivation systems should be used. 

In the container space a multilayer rack system with an NFT-growing system (NFT = 
Nutrient Film Technique) would be beneficial. NFT is a soilless growing system that 
constantly recirculates nutrient rich water through food grade plastic gutters, bio plastic 
is preferable. It is mainly used for growing leafy greens such as lettuces and for smaller 
herbs like basil and coriander. NFT is using water and fertilizer very efficient. 

Each layer of the rack is equipped with growing lights. 

With a rack system (kind of a vertical growing system), the total growing space can be 
increased by more than a factor of 2, compare to the footprint of the container. 

A possible configuration of the container growing space is sketched with the following 
drawing. 

 

 
Figure 16: Sketch of Rack System in Growing Container with NFT-System 

 
 

The microgreens could be cultivated in trays with substrate on movable tables in the 
greenhouse section of the hybrid growing space. As substrate, imported coco peat or 
other natural fibres could be used. The irrigation water for the microgreens doesn’t 
have to be fertilized. 
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4.2 Indoor Climate Conditions 

The indoor climate conditions, respectively the temperature, the humidity, the air 
movement and the light intensity, should be controllable to obtain the best growing 
results. Some plants have special requirements, but most of the time conditions given 
in Table 16 can be applied without risking yields. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 16: Indoor Climate Conditions 

 
To avoid mould, air circulation (air movement) has to be ensured in the growing space 
24/7. 

These climate conditions, are the fundamental parameters for the design of the 
growing space and its technical systems.  

 

 

4.3 Sizing the required Growing Space 

As worked out before, it is expected, that the market of Svalbard could absorb up to 
44.568 kg of leafy greens, microgreens and herbs per year. 

In the initial phase, a 10% market share, respectively around 4.500 kg produce per 
year could be targeted. 

Based on the previously mentioned soilless NFT-system for leafy greens and herbs as 
well as on the substrate system for microgreens, the necessary growing area for 4.500 
kg of produce per year has to be about 87 m² in total, which requires a footprint of the 
growing environment of something like 56 m², divided in a container-like space of 29 m² 
(40 ft-container) and a greenhouse-like structure of 27 m². 

For supplying the whole potential market, the total footprint of the growing environment 
would need to be roughly about 560 m².  

 

 

  

Indoor Climate Conditions 

Temperature 20 to 25 °C 

Relative Humidity 50 to 70 % 

Photoperiod per day 16 to 18 h/d 

Daily Light Integral (DLI) 10 to 35 mol/m²d 

Photosynthetic Photon Flux Density (PPFD)* 250 to 450 µmol/m²s 

CO2-Level 1.000 to 1.500 ppm 

Air Movement 0,3 to 0,7 m/s 

Outdoor Air Supply without CO2 Enrichment 61 to 90 m³/m²h 

*PAR Supply per m² and second 
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4.4 Growing Space Design Concept 

The enclosure of the growing environment has to be designed for providing suitable 
indoor climate conditions with the least effort for technical systems and the least energy 
requirements. 

Thus, the proposed design concept is a hybrid growing environment which consists of 
a standard container solution combined with an energy efficient greenhouse. 

The specific requirements of the growing space for Svalbard have to be as follows: 

 
 well insulated construction components (floor, walls, doors and roof) for minimal 

heat losses; 

 highly transparent south oriented aperture surface for maximum solar light 
gains, 

 Temporary thermal insulation to protect the transparent aperture surface from 
heat losses in night time, 

 darkening system for limiting the photoperiod during polar day, 

 reflective flat material laying on the ground in front of the south façade for 
concentrating sunlight into the growing space; 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 17: Growing Space Design Concept, Floor plan 
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The two following figures are illustrating the function of the temporary thermal insulation 
for increasing the solar gains and minimizing the thermal losses of the growing space. 

 

 
 

Figure 18: Growing Space Design Concept, Cross Section (with opened temporary insulation) 

 
 

The maximum DNI (Direct Normal Irradiation) in Longyearbyen is about 900 W/m². The 
transparency of glazing material defines how much sunlight will reach the plants. A 
very high transparency can be achieved with ETFE-film as covering material. With a 
double-layer ETFE film, which is recommended, the intensity of the sunlight inside the 
greenhouse could reach a maximum of about 785 W/m². With the reflective temporary 
thermal insulation, laying in front of the greenhouse, the intensity will be even higher. 
Plants need only up to 350 W/m². Too much light reduces the efficiency of 
photosynthesis. For this reason, it is of importance to use a diffuse material for having 
a better illumination uniformity inside the growing space and also an illumination into 
the depth of container segment of the growing environment.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 19: Growing Space Design Concept, Cross Section (with closed temporary insulation) 
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With a closed temporary thermal insulation during the polar night, light has to be 
supplied by an artificial assimilation lighting system. For plant cultivation, high artificial 
radiation intensities are barely feasible. But plants in general utilize light more efficiently 
with decreasing radiation intensity. Hence, there are several plants which can be 
cultivated with relatively low radiation intensities supplied by assimilation lights. These 
are mostly leafy greens (lettuces) and microgreens. 

Using natural sunlight is always beneficial for plant growth. 

On the other hand, with the transparency of materials most common high U-value are 
attended, respectively high heat losses and low surface temperatures. Nearby air gets 
cooled by the surface and falls down, leading to air movement and cold zones, which is 
undesirable.  

While keeping the advantages of a transparent surface, the disadvantage of its high 
heat losses and cold surface temperatures can be avoided with the recommended 
temporary thermal insulation (thermal blanket). Beside creating more comfortable 
growing conditions, the heat losses can be reduced significantly with such a system 
solution. 

To scrutinize, whether glazing is beneficial for the heat balance of a growing 
environment in Svalbard or not, a building energy simulation with 
DesignBuilder/EnergyPlus has been conducted.26  

In the simulation, the solar gains and the heating demands have been calculated for a 
simple cubic building with different glazing setups, as follows: 

 

 1 m² South, vertical  No glazing 

 1 m² West, vertical  1 m² Top, horizontal 

 1 m² East, vertical  1 m² North, vertical 

 
Each glazing setup has been simulated with and without an exterior thermal blanket at 
the transparent surface. The heating demand has been compared to a building without 
any transparent surface, in which the solar gains must be compensated by artificial 
light. The detailed assumptions and input parameters of these calculations are listed in 
Appendix 1. 

Regarding the heat balance for the location of Svalbard and its climate conditions, 
south aligned walls with a transparent surface and thermal blanket outperform south 
aligned walls without transparent surface.  

The solar gains of windows in the west, east and top are more or less compensated by 
higher heat losses.  

North aligned transparent surfaces are not worthwhile in terms of a beneficial heat 
balance.  

In general, the heat balance of transparent surfaces is only beneficial, if temporary 
thermal blankets are used.  

These results are displayed in Figure 20 and Figure 21. 

 

                                                
 
 
26 DesignBuilder & EnergyPlus 
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Figure 20: Heat Balances of 1 m² Glazing with Thermal Blanket 

 
 
 

 
Figure 21: Heat Balances of 1 m² Glazing without Thermal Blanket 

 
To maximize the solar gains of a south-aligned transparent surface, its tilt should be 
adjusted to the path of the sun. Ideally, the rays of the sun should strike the transparent 
surface with an angle of nearby 90°, the best angle for transmission and the least 
reflection. 

However, movable insulation works best with simple glazing constructions. In the 
further analysis, windows with a simple tilt are assumed. The best angle of the tilt can 
be calculated with the generated weather data and the solar angles of Longyearbyen’s 
latitude.  
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Figure 22: Direct Solar Gains of a tilted transparent Surface 

 
 

Due to the high latitudes of Svalbard, the annual solar gains of a transparent surface 
are best, when it is tilted to about 80° (close to vertical). 

Depending on the season (polar day, twilight and polar night) the growing environment 
with its temporary thermal insulation and its artificial lighting system will be in different 
operation modes.  

These different operation modes are: 

Polar Night: Thermal Insulation always closed and artificial illumination switched on 
during photoperiod; 

 

 

Figure 23: Operation Mode in Polar Night 
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Twilight Phases and Polar Day: Thermal Insulation closed in night-time and also at 
day-time, when sunlight intensity is too low; artificial illumination switched on during 
photoperiod only when sunlight intensity is too low; 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 24: Operation Modes in Twilight Phases and Polar Day 
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5. Loads and Energy Calculations 

For the design, layout and dimensioning and the The heating and cooling loads are 
calculated, based on Building Simulation, for the previously sized hybrid growing 
concept describe before. 

 
 

5.1 Building Simulation Model 

As basis for the system design, the heating, cooling and dehumidification loads have to 
be determined. To obtain necessary information, building energy simulations have 
been conducted with the software DesignBuilder/EnergyPlus.  

The simulation has been executed with the detailed parameters of geometry and 
structural physics, the designated operation (internal loads) and the weather data of the 
location Longyearbyen. 

Figure 25 is showing the simulation model and the sun path diagram of Longyearbyen. 

 

 
 

Figure 25: Building Model and Sun Path Diagram for Energy Simulations 

 
 

  



  

20190420_Feasibility-Study_PolarPermaCulture.docx                                                                                                                                                  
58 

5.2 Simulation Parameters 

The ideal climate conditions in the growing environment have been outlined previously. 

Accordingly,  

Table 17 is showing the main assumptions relevant for the building energy simulations. 

 

 

 Parameter 
Greenhouse 

Section 
Container  
Section 

Heating Set Point 20 °C 20 °C 

Heating Set Back 15 °C 16 °C 

Cooling Set Point 26 °C 26 °C 

Cooling Set Back 30 °C 26 °C 

Humidity Set Points 70 to 90 % 

Outdoor Air Changes 0 to 10 ac/h 

Photoperiod 16 hours 

Internal Heat Gains by Lighting System* 74,0 W/m² 38,0 W/m² 

Further Internal Heat Gains 5,0 W/m² 52,0 W/m² 

Latent Heat Gains by Evapotranspiration 26,0 W/m² 49,0 W/m² 

* With applied Water Cooling 

 
Table 17: Building Energy Simulation Assumptions 

 

 

For the simulation, the operation of the growing environment is modelled to have a 
recirculating air handling unit which cools and dehumidifies the indoor air.  

Alternatively, cooling, dehumidification and CO2 supply of the growing space could also 
be realized by outdoor air changes with heat recovery. 10 ac/h should be sufficient to 
cool and dehumidify the interior. 

If CO2 - enrichment is considered, outdoor air changes are bound to CO2 losses. In this 
case, increasing the amount of outdoor air changes for free cooling increases CO2 
losses but decreases energy demand and other expenses for indirect cooling. Finding 
the optimum choice is a question of weighting economics and ecology. 

Further, the growing environment is heated with the waste heat from the assimilation 
lights which is temporarily stored in a heat storage.  

Based on this model, the heating loads as well as the sensible and latent cooling loads 
can be calculated on an hourly basis, with the aim to keep the temperature and 
humidity inside the growing environment in the given range with the least energy input. 

As a result of the simulation, the heating set points have not been relevant due to the 
high internal heat gains (from growing lights, ventilators, etc.). The inside air 
temperatures could be around 26 °C, even at lowest outside air temperatures during 
polar night.  
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The effect of evapotranspiration has been estimated with the approach of Stanghellini 
who adapted the so-called Penman-Monteith model for greenhouses. By replacing 
sunlight by artificial light, the model can also be applied for indoor growing. To validate 
this application, results have been compared with an iterative approach for estimating 
evapotranspiration of indoor growing by Graamans et al. 27 Basically, the model 
considers the heat fluxes of radiation, conduction to the ground and evaporation 
through the stomata of the leaves. 

 

 
5.3 Thermal Loads Calculation 

The heating and cooling loads have been calculated on the basis of the previously 
documented simulation parameters and strategies. 

 
5.3.1. Design Heating Loads 

For the calculation of the maximum heating loads, the Heating Design Day (HDD) 
was chosen to cover 99 % of annual minimum dry bulb temperatures and coincident 
wind speed, meaning there is a chance of 1 % that more extreme winter weather 
could occur.  

To calculate heating loads, the following constant temperature and wind speed have 
been used for the Heating Design Day.  

Internal heat gains have not been considered to simulate worst cases for heating. 

 

Heating Design Day Conditions - Longyearbyen 

Outdoor Temperature Wind Speed 

-26.8 °C 5 m/s 

Calculated Design Heating Load 

Closed Open 

30,0 W/m² 

2,5 kW 

59,8 W/m² 

5,0 kW 

 
Table 18: Building Energy Simulation – Heating Design 

 
 

With an open thermal insulation of the transparent surface, the design heating load 
of the hybrid growing environment is about 5 kW (see Figure 26 on the following 
page, resulting output graph from Building Simulation Software). With a closed 
temporary thermal insulation, the design heating load drops down to about 2,5 kW. 

  

                                                
 
 
27 Plant factories; crop transpiration and energy balance 
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Figure 26: Design Heating Load of Greenhouse – with open Thermal Insulation 
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5.3.2. Design Cooling Loads 

For the calculation of the maximum cooling loads, the Cooling Design Day (CDD) 
was chosen to cover 99 % of occurring extreme summer weather conditions. To 
simulate worst case conditions, internal heat gains are considered and several 
previous days with similar conditions are assumed to heat the construction up. 

The simulation calculates the total cooling loads which combine sensible and latent 
cooling loads. Sensible loads must be met to decrease the air temperature. Latent 
cooling loads must be met to condense water vapour out of the air 
(dehumidification). 

 

Cooling Design Day Conditions - Longyearbyen 

Outdoor 

Temperature 

Direct Normal Irradiation  

(DNI) 

Diffuse Horizontal Solar 

(DHI) 

up to 10.4 °C up to 900 W/m² up to 100 W/m² 

Design Cooling Load 

Total Cooling Peak Sensible Cooling Peak 
Latent Cooling Peak 

(Dehumidification) 

14,8 kW 12 kW 2,8 kW 

 
Table 19: Building Energy Simulation – Cooling Design Day Conditions 

 
With the given Cooling Design Day conditions, the greenhouse is affected by solar 
gains which are limited to a photoperiod of 16 hours by the darkening function of the 
temporary thermal insulation. The total cooling demand peaks at about 14,8 kW 
(see Figure 27). 
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Figure 27: Design Cooling Load of Greenhouse   
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5.3.3. Annual Heating & Cooling Loads 

Annual data has been generated by simulating the building model with the 
previously documented annual weather data (see chapter 2.2).  

To supply the plants with light, air movement and nutrients, energy is required by 
lamps, fans and pumps. This technical equipment emits waste heat which dissipates 
into the growing space.  

During polar day, solar gains lead to better lighting conditions but also to high 
cooling loads.  

The heat gains by technical equipment, the lighting system and solar gains are 
showed in Figure 28. 
 

 
 

Figure 28: Annual Internal Heat Gains 

 
During photoperiods, the internal heat gains overshoot even the design heating 
loads.  

At night, the internal heat gains are much lower, but still sufficient to keep 
temperatures at proper levels. Additional heating is not necessary. 

The indoor air temperature is around the cooling setpoint all the time. Since the 
construction elements are influenced by outdoor temperatures or solar radiation, the 
operative temperature differs up to -2 in winter and up to +6 °C in summer, which is 
documented with the following Figure 29. 
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Figure 29: Annual Temperatures 

 
 

To achieve these room conditions, indoor air must be cooled and dehumidified but 
not heated. 

 

 
 

 
 

Figure 30: Annual Cooling Loads 
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Figure 31: Cooling Loads – Duration Curves 
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6. Technical System Design for Hybrid Growing Environment  

The heating loads have been calculated for the lowest temperature of a day in polar 
night and cooling loads for the sunniest and warmest day during polar day. 

The technical systems have to be designed and dimensioned to handle these loads for 
maintaining adequate indoor climate conditions and to ensure proper plant cultivation.  

Those technical systems are: 

 

 Heating 

 Air Conditioning, Cooling and Dehumidification 

 Air Movement 

 Lighting & Lamp Cooling 

 CO2 - Enrichment 

 Temporary Thermal Insulation 

 

Those technical systems are functionally described in the following chapters. 

Not separately described, but self-evident, a control-system has to be installed to 
guarantee a proper and energy efficient operation of these systems. 

All relevant technical parameters have been evaluated for a proper prediction of the 
energy demand and as a resilient basis for the later documented full cost calculation. 

Table 20 gives an overview of the system’s functionality.  
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Functionalities of Technical Systems for Room Conditioning 

Conditions affected Technical System Functionality By-Product 

  

Light 

 Assimilation Lights 
1. Extending of photoperiods in summer, autumn and spring; PPFD of 250 - 450 
µmol/(m²/s) 
2. Full supply o photoperiods in winter, 12-20 h/d; PFFD of 250 - 450 µmol/(m²/s) 

Waste Heat 

 Humidity 

Temperature 

Movable Insulation & 
Shading 

1. Closing glazing areas outside photoperiods if heating is necessary 
2. Opening transparent areas, if cooling or dehumidification is necessary 
3. Shading / Light deprivation outside photoperiods 

- 

   Heating 
1. Keeping air temperatures above 15 °C 
2. Heating water for irrigation or hydro- and aquaponic systems 

- 

  Lamp Cooling 
Removing Waste Heat from Assimilation Lights; can be used in heat storage; must 
be re-cooled; Keeping air temperature during operation below 26 °C 

Waste Heat 

 

Humidity 

a) HVAC 
1. Cooling, keeping air temperature during operation below 26 °C 
2. Dehumidification, 50 % - 70 % r.H. 

Waste Heat 

CO2 

b) Free Cooling 
1. Free cooling, keeping air temperature during operation below 26 °C 
2. Free dehumidification, 50 % - 70 % r.H. 
3. Outdoor Air Supply, Supplying plants with CO2, >300 ppm 

CO2 losses1 

  CO2 Enrichment Supplying plants with CO2, 1000 - 1500 ppm Waste Heat2 

  Humidity   Air Conditioning, 
Dehumidification 

Keeping relative humidity between 50 % and 70 % r.H. Waste Heat 

    Air Movement 
Ventilation, Indoor 
air movement 

Keeping air movement to supply the plants with CO2 and to regulate their 
temperature, 0.3 – 0.7 m/s 

Waste Heat 

 

1 If CO2 enrichment is active     2 If CO2 generator is used 
 

Table 20: Functionalities of Technical Systems for Indoor Air Conditioning 
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6.1.1. Heating  

Cold temperatures reduce the bioactivity of all organisms and can lead to freezing of 
fluids respectively to damages of system components and the loss of crops. A 
growing environment must therefore be kept frost-free during operation. High yields 
can be expected with temperatures above 20 °C for most crops.  

It has been shown, that the waste heat from equipment like assimilation lights, 
pumps or fans is enough to keep proper temperatures most of the time. If there are 
not enough internal heat gains, a heating system must be operated. In addition, in 
case of longer breaks from photoperiods or emergencies a heating system can safe 
plants and equipment from being damaged. 

So, a heating system is only necessary in case of an emergency. 

Since there is little need for air heating, a system with little invest cost should be 
considered. A small electric heater with less than 2 kW should be fine. This could be 
a simple plug-in device. 

Irrigation water can be heated by waste heat from the assimilation lights, i.e. the 
lamp cooling system. 

 

 

 

 

 

 
 
 
 
 

 
 

 
6.1.2. Air Conditioning, Cooling and Dehumidification 

Although the local climate is cold and the outdoor temperatures are below the indoor 
design temperature all the time, internal heat gains lead to cooling loads. In addition, 
there humidity gains by evapotranspiration which lead to dehumidification loads.  

There are 4 options to cool and dehumidify the interior: a chiller, an economiser, 
natural ventilation or indirect free cooling. 

Outdoor air temperatures are rarely above 14 °C. With this temperature level, a free 
cooling device can cool and dehumidify in indoor conditions of 20 °C and 70 % r.H.. 
A chiller could supply lower temperatures, which decreases the area of heat 
exchangers. Outdoor air changes with an economiser or natural ventilation are a 
cheap way to cool and dehumidify the interior but lead to CO2 losses if CO2 
enrichment is operated (see Fehler! Verweisquelle konnte nicht gefunden 
werden.). 

Although the local climate is cold and the outdoor temperatures are below the indoor 
design temperature all the time, internal heat gains lead to sensible cooling loads. In 
addition, evapotranspiration leads to latent loads, respectively dehumidification is 
necessary. 

In some operation modes, the humidity of the air can condense on the transparent 
surface of the growing environment, but, when the temporary thermal insulation is 

Functionality: 1) Keeping Air Temperature above 15 °C (Emergency Cases) 

2) Heating Irrigation Water 

Dimension: 1) Plug-in heater, < 2 kWth  

2) Waste Heat from LED Cooling < 1,7 kWth (Heat Exchanger) 

Target 

Efficiency: 

1) COP 1,0 

2) - 
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closed, this is reduced to nearly zero. Since there is no need for heating, but a too 
high humidity most of the time, the condensation capabilities of the transparent 
surface could be used. To do so, the temporary thermal insulation should be 
opened, when there is need for dehumidification and enough heat available at the 
same time. 

If relying on an HVAC system, there are four possible options to condition the 
interior air: a chiller, natural ventilation, an economiser or indirect free cooling. Due 
to the cold climate, a chiller is not necessary and natural ventilation would lead to 
inconvenient drafts. This leaves two setups which can be mixed or used as stand-
alone option: 

 

a) Indirect Cooling, i.e. a circuit compound system of two connected air to brine 
heat exchangers and a condensation drain. Basically, this system operates 
indirectly like a heat exchanger between outdoor air and indoor air. The outdoor 
temperatures would be low enough for dehumidification most of the time. 

b) Economiser, i.e. an air handling unit with a heat recovery, a reheating coil and 
two fans. The reheating coil can be supplied by waste heat of the lamp cooling 
system. The heat recovery should include a bypass and the possibility to control 
the outdoor air fraction. 

 

Functionality: 1) Keeping Air Temperature below 26 °C  

2) Dehumidification, 50 % - 70 % r.H 

3) Outdoor Air Supply (CO2) 

Dimension: a) 10 kWth Indirect Free Cooling + CO2 Enrichment 

b) 10 ac/h or ~1.000 m³/h with Outdoor Air (Economiser) 

Target Efficiency: 1) COP 20 

2) COP 30 

 
 
 
 

6.1.3. Air Movement 

Plants need air movement to regulate temperature and CO2 - absorption as well as 
to avoid humidity on the leaves. Depending on the dimensions of growing chambers 
and the interior equipment a number of small fans must installed to secure air 
movement for all plants. 
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6.1.4. Lighting & Lamp Cooling 

Plants need light for photosynthesis, which source can either be the sun or artificial 
light. In closed growing environments, light must be completely supplied by 
assimilation lamps. In greenhouses the duration of the photoperiod can be 
enhanced during twilight periods and polar day. During winter, greenhouses must 
operate like containerized growing environments or lie idle.  

In a closed environment, nearly all electricity which is consumed by assimilation 
lights is finally transformed to heat. Plants are heated by absorbing the PAR share 
of the light and rely mainly on transpiration to keep their temperature in a 
comfortable range. In technical terms, this is an adiabatic cooling process, i.e. 
sensible heat of the surrounding is transformed to latent heat (humidity). In 
greenhouses, some of the generated light is lost through the glazing. Depending on 
the density of lamp coverage, their waste heat can reduce the heating demand of 
the growing environment or even lead to the necessity of cooling. In closed growing 
environments, assimilation lights are the main energy consumer and waste heat 
producer. 

The waste heat lamps can be cooled by air or by water. Although both systems have 
advantages and disadvantages, the recommendation in this study is to use water 
cooling due to a better cooling effect for the sensible electronic parts and also for a 
simpler use of the waste heat. A most welcome side effect is, that the water-cooled 
lamps have longer life-times. The extracted heat can be used for heating purposes 
or must be re-cooled. 

In the 6 racks of the containerized section LED-lamps should be used. Their total 
electrical capacity is about 4,4 kW. 

In the greenhouse section a mixture of 2 Metal Halide lamps (2 x 315 W =0,63 kW) 
and 1 Sulphur Plasma Lamp (1,35 kW) are recommended. 

 

 

6.1.5. CO2 - Enrichment 

With proper thermal conditions, plants are able to utilize higher CO2 concentrations 
than available in the outdoor air. With a concentration of 1,300 ppm yield can be 
increased by approximately 30 %. 

Methods for CO2 enrichment are simple: Either pure CO2 from a pressure vessel or 
emissions from the combustion of, for example, natural gas.  

Bottled CO2 is more expensive but is free of other pollutants. Burning of natural gas 
or propane is cheaper but produces many potentially harmful emissions, especially 
with low combustion temperatures. Further, the combustion of fuels adds heat and 
humidity to the air in the growing environment, increasing the air treatment effort. 

 

 

6.1.6. Temporary Thermal Insulation 

The temporary thermal insulation is a movable south-facing part of the façade of the 
building, as shown previously. Even so, it can be used for influencing the indoor 
climate (light intensity, humidity, temperature). Thus, the temporary thermal 
insulation has to be equipped with an electrical drive system which has to be 
integrated in the control system. It is expected, that the power demand for this drive 
is relatively high (maybe 2,0 kW), but its annual operation hours are very low, so, 
not relevant for the energy balance. 



  

20190420_Feasibility-Study_PolarPermaCulture.docx                                                                                                                                                  
71 

7. Energy Demand and Supply 

Based on the load calculation and the system designs the projected annual power 
consumption has been calculated  

All relevant energy consumers are listed below with their installed wattage, full 
utilization hours and predicted annual energy demand. 

 

System 
Installed 

Wattage 

Full 

Utilization 

Hours 

Annual 

Electricity 

Demand 

Heating 1,8 kW 25 h/a 45 kWh/a 

Indirect Free Cooling 0,5 kW 3.500 h/a 1.750 kWh/a 

Ventilation    

Air Handling Unit 1,4 kW 2.628 h/a 3.679 kWh/a 

Ventilation Systems (Air Movement) 0,5 kW 7.172 h/a 3.586 kWh/a 

Lighting    

LED 4,4 kW 5840 h/a 25.509 kWh/a 

Sulphur Plasma 1,35 kW 3500 h/a 4.725 kWh/a 

Metal Halide 0,63 kW 3.500 h/a 2.205 kWh/a 

Growing Systems (Pumps) 0,91 kW 6.143 h/a 5.563 kWh/a 

Miscellaneous    

Seedling Growing System 0,3 kW 5.997 h/a 1.799 kWh/a 

Automation/Control System 0,005 kW 8760 h/a 44 kWh/a 

Movable Insulation 2 kW 20 h/a 40 kWh/a 

Total 13,7 kW 3.568 h/a 48.945 kWh/a 

Table 21: Relevant Energy Consumers 

 

 

The main consumer of electricity are the assimilation lights which supply light for 
photosynthesis. In the given setup, the installed wattage amounts to 6,3 kW and needs 
about 32,4 MWh of electricity per year, which results in 5.143 full utilization hours per 
year. The annual demand may vary due to a different growing plan, the solar conditions 
or the control logic of the lamps. 

The primary goal of this energy consumption for the assimilation lights is to generate 
biomass.  

Figure 32 is showing the annual energy flows which occur related to the illumination of 
the growing environment.  

Due to many steps of energy conversion, out of 32,4 MWh/a used for the illumination 
only about 1 MWh/a will finally be in the produce. This is illustrated with the following 
energy flow diagram (Sankey diagram). 
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Figure 32: Energy Flow Sankey-Diagram for Assimilation Lights 

 
  

In general, a Sankey diagram is showing the flow. Historically the diagram was used for 
troop movements of General Sankey, hence the name, but is applied for all flow 
analysis, like money flows, energy flows and mass/material flows. 

The above shown Sankey diagram is a good way to visualize volumetric flows of any 
kind. Each flow is usually represented linear in size by the value it portrays. That 
results in twice the size for a flow if the value is doubled. 

On the left side Figure 36 is showing the energy input by the grid for assimilation 
lighting and the sun through glazing. Artificial light is bound to waste heat which heats 
the interior. Only the share of PAR is absorbed by plants, all remains are either lost 
through windows or eventually transformed into heat. 

In the process of photosynthesis PAR is used to produce biomass and heat. Most of 
the heat is emitted by vapour, i.e. latent heat, a small share as sensible heat which 
directly increases surrounding air temperature. The water vapour increases the 
absolute humidity inside the growing environment. Since the relative humidity should 
be kept below 70 %, air should be dehumidified. At best, some of the latent heat can 
returned in a heat recovery. At worst, energy must be supplied for dehumidification. 
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On the right side of the diagram, the vegetables and not edible biomass are depicted. 
In the end, the real product contents about 4 % of the magnitude of the electricity 
demand for lighting. This is a high efficiency for crop cultivation and can only be 
achieved due to solar gains and the type of cultivation in the given growing 
environment. All crops are harvested at an early stage, so the energy which is stored in 
the seeds has some influence but is a dark figure. 

The accruing waste heat from several sources in the process is partially used for room 
heating but most of it is abundant and could either be used elsewhere or lost. 
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8. Economics 

To assess an economic feasibility, all accruing costs must be compared with the 
revenues from crop sales. For this purpose, a full cost estimation according to the 
approach of VDI 2067 has been conducted, which is based on the annuity method and 
considers  

 capital cost (investment),  

 operation related cost,  

 demand related cost and  

 other cost. 

The investment cost for the given setup are evaluated separately for the container 
segment and greenhouse segment. 

The investment cost of the container segment of hybrid growing system, are taken from 
an offer for ready-to-operate plug-in system, containing all technical systems as well as 
the growing systems for a proper production of leafy greens and herbs.  

For the greenhouse, investment costs of all technical systems and a footprint-specific 
value for the cost of the construction elements have been estimated based on solid 
experience values. For all parts, shipping costs have been applied. 

Costs for operation are split into labour, for which staff must be paid as well as 
maintenance and repair of all systems.  

Demand related costs include all necessary resources, including electricity, CO2, seeds 
and materials for growing systems.  

Other costs consider administration, insurance etc. based on a percentage of all 
invests per annum. 

For a first estimation, all specific investment costs are not affected by economics of 
scale.  

Revenues are generated by selling the produce, other sources like courses and 
training can be added in the calculation but are not considered yet in this study. 
Possible sale prices have been shown in the previous chapter. 

Based on an estimated carbon footprint of the local grid, the energy related CO2 
emissions are calculated. 

To conclude, the developed spreadsheet 20190420 Full Cost Calculation Vegetable 
Production PolarPermaculture.xlsx is handed out together with the study and can be 
adjusted for own purposes. 
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The given choice of cultivated crops is a possible sample that must be adjusted to real 
occurring demand. Therefore, this is just a first estimation of the economic balance. 
The real production has to be much more diversified as only reduced on three or four 
different kind of plants.  

The share of not sold produce depends mainly on marketing, quality of business 
partnerships and consumer behaviour. It can be adjusted in the economic calculation. 

The excel calculation tool is also adjustable for an increased footprint of the growing 
space. So, it can be used for a propagated calculation, when market demand is 
increasing and the economics of the next investment step has to be evaluated. 

Output data is shown on the following pages. Table 22 is showing the economic 
aspects of the cost estimation tool and the energy related CO2 equivalent emissions. 

 

 
 
 

Table 22: Result of Economic Calculations 

 
With the given setup, the annuity could amount +20.228 €/a.  

The Capital Cost end up at 15.614 €/a. They are calculated with a total investment of 
about 268.0678 €, a depreciation time of 20 years and an interest rate of 1,5%.  

The Operation related Cost are mainly driven by the labour cost, but also by 
maintenance effort. They are about 64.816 €/a. 

The Demand related Cost of 15.850 €/a are dominated by the electricity cost. 

The so-called Other Cost of about 886 €/a are caused by insurance and administration. 

Economic Balance

Annual Cost

Capital related Cost 15.614 €/a

Operation related Cost 64.816 €/a

Demand related Cost 15.850 €/a

Other Cost 886 €/a

Total annual Cost 97.166 €/a

Specific Full Cost per m² Growing Area 1.121 €/a per m²

Revenues

Total annual Yield Revenues of Growing Container Unit(s) and Greenhouse 117.395 €/a

Other Revenue Sources 0 €/a

Total Revenues 117.395 €/a

Specific Revenues per m² Growing Area 1.354 €/a per m²

Annuity 20.228 €/a

Invest 268.067 €

Specific Invest per m² Growing Area 3.093,- €/m²

Annual Cost (without Capital related Cost) 81.552 €/a

Annual Revenues 117.395 €/a

ROI 7,5 Years
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The possible revenues could be around 117.395 €/a 

The return on invest (ROI) could be achieved within about 7,5 years. 

The clearly positive annuity and the mid-term ROI are strong indicators for an 
economic feasibility for Polar Permaculture’s project. 
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9. Environmental Impacts 

A comprehensive feasibility includes ecological sustainability. This means, that the 
impact of the project must not compromise the safety and functionality of the current 
and future environment of Svalbard and also globally. 

To assess environmental impacts of human actions on the environment is a complex 
matter. In general, an evaluation is bound to several simplifications to limit the effort. 
For the purpose of this study, the global impacts of CO2 equivalent emissions are 
roughly quantified, other aspects are qualitatively discussed.  

The real sustainability implications are coming from the difference between imported 
and locally produced goods. The energy demand of locally grown lettuces can be vast 
in relation to a lettuce produced and consumed somewhere in Europe’s mainland. But 
all efforts of the transport make the real difference.  

 

9.1.1. CO2 equivalent emissions of the vegetable production 

A basic approach to assess the environmental impact of local grown vegetables is, 
to quantify the global impact, it is common to estimate the carbon footprint, i.e. the 
sum of all greenhouse gas emissions per specific unit of an object. The effect of 
greenhouse gas emissions is quantified with their CO2 equivalent mass; meaning 
the amount of CO2 that would have the same impact on global warming as the 
examined emission.  

To compare local grown with imported vegetables in terms of CO2 - emissions, both 
have to be assessed within the right system boundaries.  

Regarding the local vegetable production in Svalbard, only the energy related 
emissions are considered. Including the constructional elements (CO2 - emissions 
caused by the construction of the growing environment) would need the assessment 
of a complete life cycle analysis (LCA) which would be beyond the scope of this 
study. It can therefore be considered, that the calculated CO2 footprint would be 
slightly higher, depending on the chosen boundaries. But this would have to be 
considered also for the production facilities and the trucks, ships and airplanes used 
for the imported vegetables. 

The emissions of the imports are estimated by considering the energy consumption 
of the production, the transport by trolley, train and plane as well as cooling of the 
goods and the sum of losses on arrival.  

Table 23 and Table 24 are showing the estimations, differed between summer and 
winter conditions. 
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Import (Summer) 

Energy 
Energy related Carbon Footprint of 
Leafy Greens Production 

0,33 kg CO2/kg 

Transport to 
Airport 

Distance 1.000 km 

Average Speed 50 km/h 

Travel Time 20 h 

CO2e per t*km 0,18 kg CO2/(t*km) 

CO2e for transport trip 0,2 kg CO2/kg 

Transport by 
plane 

Distance 950 km 

Average Speed 400 km/h 

Travel Time 2 h 

CO2e per t*km 1,2 kg CO2/(t*km) 

CO2e for Transport Trip 1,1 kg CO2/kg 

Stopovers Time not travelling 24 h 

Cooling during 
Transportation 

Diesel Consumption per Hour and 
Container 

0,6 l/h 

Load per Container 10 t 

Diesel Consumption per kg 0,003 l/kg 

CO2e per l Diesel 3.041 g CO2/l 

CO2e for Cooling 0,01 kg CO2/kg 

Losses Share of losses (Storing, quality etc.) 40% 

  Impact of losses 1,10 kg CO2/kg 

Relative Carbon Footprint of Product  
(summer imports) 

2,7 kg CO2/kg 

 
Table 23: CO2 - Footprint of imported Leafy Greens in Summer 
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Import (Winter) 

Energy 
Energy related Carbon Footprint 
of Leafy Greens Production 

3,50 kg CO2/kg 

Transport to Airport 

Distance 1.000 km 

Average Speed 50 km/h 

Travel time 20 h 

CO2e per t*km 0,18 kg CO2/(t*km) 

CO2e for transport  0,2 kg CO2/kg 

Transport by plane 

Distance 950 km 

Average Speed 400 km/h 

Travel Time 2 h 

CO2e per t*km 1,2 kg CO2/(t*km) 

CO2e for Transport Trip 1,1 kg CO2/kg 

Stopovers Time not travelling 24 h 

Cooling during 
Transportation 

Diesel Consumption per Hour 
and Container 

0,3 l/h 

Load per Container 10 t 

Diesel Consumption per kg 0,001 l/kg 

CO2e per l Diesel 3,041 g CO2/l 

CO2e for Cooling 0,00 kg CO2/kg 

Losses 
Share of losses  
(Storing, quality etc.) 

40% 

  Impact of losses 3,21 kg CO2/kg 

Relative Carbon Footprint of Product 8,0 kg CO2/kg 

 
Table 24: CO2 - Footprint of imported Leafy Greens in Winter 

 

These numbers can now be compared with the expected CO2 - emissions from the 
local vegetable production, which is about 5,4 kg CO2/kg of vegetables. 

The following table is showing the results of the respective calculations. 

 

 

 

 

 

 

 

 

 

 

 

Table 25: CO2 - Footprint of locally produced Leafy Greens 

 

CO2 equivalent Emissions

Energy Supply

Total annual Electricity Demand 48.945 kWh/a

Supplied by the Local Grid 95%

Supplied by own PV 5%

Specific Carbon Footprint of Electricity in Svalbard

Electricity from Local Grid produced with coal (100% CO2 allocation) 800 (g CO2e)/kWh

CO2 allocation for the co-generated heat 300 (g CO2e)/kWh

Remaining CO2 allocation for the co-generated electricity 500 (g CO2e)/kWh

Electricity from own PV 85 (g CO2e)/kWh

Energy related CO2e Emissions

Total Energy related CO2e Emissions 23.457 (kg CO2e)/a

Specific Energy related CO2e Emissions per m² Growing Area 271 (kg CO2e)/a per m²

Specific Energy related CO2e Emissions per kg of produced vegetable 5,4 (kg CO2e)/kg of vegetable
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In winter, the carbon footprint of locally grown vegetables can be smaller than those 
of imported ones. In summer, the growing conditions in Europe allow open field 
agriculture and thus, urban farm cannot compete with the given energy supply 
settings. 

Overall, the CO2 - emissions of the locally produced vegetables are in the same 
range as the ones of the imported vegetables, as long as the electricity generation in 
Longyearbyen is done with coal. 

Two considerations could lead to a clear advantage for the locally grown vegetables: 

 The CO2 - footprint of the local electricity generation could be evaluated to be 
smaller. This is just a matter of the allocation method, what amount of 
emissions are accredited to the electricity generation and to the co-generated 
heat. So far, out of 800 gr CO2 - emissions per kWh of generated electricity 300 
gr are allocated to the co-generated kWh of heat. 

 The local vegetable production could use more renewable energies or liquid 
natural gas in a small co-generation system to generate electricity on its own. 

It has to be considered, that the ecological performance of the local vegetable 
production is not only defined by its CO2 - emissions.  

 
 

9.1.2. Environmental impact of farming waste 

Beside economics and food quality, also the ecological aspects of a local food 
production have to be taken into account for evaluating its feasibility. So, not only 
energy requirements and the related CO2-emissions coming along with it, but also 
the fertilizer supply and the related closed mass flow loops for carbon, nitrogen, 
phosphorus, potassium and trace elements have to be considered.   

Producing vegetables will accrue organic waste in Svalbard. Since the main 
operation will be small in the beginning a substantial difference will not be made. To 
mitigate any further negative influences composting any organic waste would be 
ideal. Additionally, the composted bio mass can be used in permaculture beds 
located in simple tunnel-greenhouses, extending Polar Permaculture’s operation 
according to the climate conditions in summer. 

Furthermore, bio mass which has been transported to Longyearbyen do not get lost 
in the sea but can be implemented into the nutrition and material cycle Polar 
Permaculture’s operation. 
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Index of Abbreviations 

 
Abbreviation Meaning 

ac/h Air Changes per Hour 
Capex Capital Expenditures 
CHP Combined Heat and Power 
DLI Daily Light Integral (PAR Light) 
DNI Direct Normal Irradiation 
e.g. For example (Latin: exempli gratia) 
GHI Global Horizontal Irradiation 
HHV Higher Heating Value 
HPS High-pressure Sodium 

HVAC Heating, Ventilation & Air Conditioning 
i.e. That is (Latin: id est) 
IBC Intermediate Bulk Container 
kWh Kilowatt Hour 
kWhel Kilowatt Hour of Electricity (el = electrical) 
kWhth Kilowatt Hour of Heat (th = thermal) 

kWp 
(Kilowatt-Peak) Nominal Power of PV systems under 
Standard Test Conditions (STC) 

LED Light-emitting Diode 
MH Metal-halide 

Opex Operational Expenditures 
PAR Photosynthetically Active Radiation 

SHGC Solar Heat Gain Coefficient (of a Window) 

Uf 
U-Value (Insulation property) of a window-construction. 
[W/(m²K)] 

CO2e Carbon Dioxide equivalent Emissions 
SOX Sulphur Oxides 
NOX Nitrogen Oxides 
ROI Return on Investment 
r.H. Relative Humidity 
HDD Heating Design Day 
CDD Cooling Design Day 
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Sources 

 
Source 1: googlemaps 

 
Location of Svalbard 
https://www.google.de/maps/place/Svalbard,+Svalbard+and+Jan+Mayen/@74.327108,-
29.4188794,3z/data=!4m5!3m4!1s0x45a1cfdc4fa3c049:0x2bf373e71b35e875!8m2!3d7
7.8749725!4d20.9751821?hl=en 
(Date of Access: 05. Nov. 2018) 

 
Source 2: TopoSvalbard 

 
https://toposvalbard.npolar.no/ 
(Date of Access: 05. Nov. 2018) 

 
Source 3: Statistics Norway 

 
Population in Longyearbyen and Ny-Ålesund, by sex and age, 2nd half-year 2017 
https://www.ssb.no/en/befolkning/statistikker/befsvalbard/halvaar/2018-04-12 
(Date of Access: 05. Nov. 2018) 
 
Industry statistics for Svalbard, 2017 
https://www.ssb.no/en/virksomheter-foretak-og-regnskap/statistikker/sts/aar 
(Date of Access: 05. Nov. 2018) 
 
Consumer price index for Svalbard, 2010 
https://www.ssb.no/en/priser-og-prisindekser/statistikker/kpisvalbard/aar/2011-03-30 
(Date of Access: 05. Nov. 2018) 

 
Source 4: weatherspark.com 
 

Longyearbyen Daylight Hours 
https://weatherspark.com/y/80119/Average-Weather-in-Longyearbyen-Svalbard-&amp;-
Jan-Mayen-Year-Round 
(Date of Access: 05. Nov. 2018) 

 
Source 5: Meteonorm 

 
Software for generating weather & irradiation data 
https://www.meteonorm.com/en/ 
(Date of Access: 05. Nov. 2018) 

 
Source 6: Solargis 

 
  Solargis – Solar Resource Maps and GIS Data for Europe 

https://solargis.com/maps-and-gis-data/download/europe 
(Date of Access: 04. Mar. 2019) 

 
Source 7: Lokal Norm – Tekniske anlegg 

 
  Lokal Norm – Tekniske anlegg, Longyearbyen. 15. Desember 2018 

 
Source 8: Teknisk Ukeblad 

 
Ellen Synnøve Viseth (2018): Must ban solar cells and wind power on Svalbard. The 
process forces diesel engines 
https://translate.googleusercontent.com/translate_c?depth=1&hl=no&rurl=translate.go
ogle.no&sl=no&sp=nmt4&tl=en&u=https://www.tu.no/artikler/ma-forby-solceller-og-
vindkraft-pa-svalbard-prisen-tvinger-fram-

https://www.google.de/maps/place/Svalbard,+Svalbard+and+Jan+Mayen/@74.327108,-29.4188794,3z/data=!4m5!3m4!1s0x45a1cfdc4fa3c049:0x2bf373e71b35e875!8m2!3d77.8749725!4d20.9751821?hl=en
https://www.google.de/maps/place/Svalbard,+Svalbard+and+Jan+Mayen/@74.327108,-29.4188794,3z/data=!4m5!3m4!1s0x45a1cfdc4fa3c049:0x2bf373e71b35e875!8m2!3d77.8749725!4d20.9751821?hl=en
https://www.google.de/maps/place/Svalbard,+Svalbard+and+Jan+Mayen/@74.327108,-29.4188794,3z/data=!4m5!3m4!1s0x45a1cfdc4fa3c049:0x2bf373e71b35e875!8m2!3d77.8749725!4d20.9751821?hl=en
https://toposvalbard.npolar.no/
https://www.ssb.no/en/befolkning/statistikker/befsvalbard/halvaar/2018-04-12
https://www.ssb.no/en/virksomheter-foretak-og-regnskap/statistikker/sts/aar
https://www.ssb.no/en/priser-og-prisindekser/statistikker/kpisvalbard/aar/2011-03-30
https://weatherspark.com/y/80119/Average-Weather-in-Longyearbyen-Svalbard-&amp;-Jan-Mayen-Year-Round
https://weatherspark.com/y/80119/Average-Weather-in-Longyearbyen-Svalbard-&amp;-Jan-Mayen-Year-Round
https://www.meteonorm.com/en/
https://solargis.com/maps-and-gis-data/download/europe
https://translate.googleusercontent.com/translate_c?depth=1&hl=no&rurl=translate.google.no&sl=no&sp=nmt4&tl=en&u=https://www.tu.no/artikler/ma-forby-solceller-og-vindkraft-pa-svalbard-prisen-tvinger-fram-dieselkraftverk/450723&xid=17259,15700002,15700022,15700124,15700149,15700186,15700191,15700201&usg=ALkJrhjEr4PYsmN2HL27jMOAb9gPpvoaOg
https://translate.googleusercontent.com/translate_c?depth=1&hl=no&rurl=translate.google.no&sl=no&sp=nmt4&tl=en&u=https://www.tu.no/artikler/ma-forby-solceller-og-vindkraft-pa-svalbard-prisen-tvinger-fram-dieselkraftverk/450723&xid=17259,15700002,15700022,15700124,15700149,15700186,15700191,15700201&usg=ALkJrhjEr4PYsmN2HL27jMOAb9gPpvoaOg
https://translate.googleusercontent.com/translate_c?depth=1&hl=no&rurl=translate.google.no&sl=no&sp=nmt4&tl=en&u=https://www.tu.no/artikler/ma-forby-solceller-og-vindkraft-pa-svalbard-prisen-tvinger-fram-dieselkraftverk/450723&xid=17259,15700002,15700022,15700124,15700149,15700186,15700191,15700201&usg=ALkJrhjEr4PYsmN2HL27jMOAb9gPpvoaOg
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dieselkraftverk/450723&xid=17259,15700002,15700022,15700124,15700149,157001
86,15700191,15700201&usg=ALkJrhjEr4PYsmN2HL27jMOAb9gPpvoaOg  
(Date of Access: 06. Mar. 2019) 
 

Source 9: GU Nährwert Kalorien Tabelle 
 

Prof. Dr.I.Elmadfa et al. (2016): Die große GU Nährwert Kalorien Tabelle. H 
 
Source 10: THEMA Rapport 2018-09 
 

Berit Tennbakk et al. (2018): Alternativer for framtidig energiforsyning på Svalbard. 
Utarbeidet for Olje- og energidepartementet. Juni, 2018 
https://www.regjeringen.no/contentassets/cdaceb5f6b5e4fb1aa4e5e151a87859a/them
a-og-multiconsult---energiforsyningen-pa-svalbard.pdf 
(Date of Access: 13. Nov. 2018) 
 

Source 11: Gebyrregulativ for 2019 vedtatt 
 

 
Gebyr- og fakturasatser 2019 for Longyearbyen lokalstyre 
https://www.lokalstyre.no/gebyrregulativ-for-2019-vedtatt.6175741-321755.html 
(Date of Access: 3. Mar. 2019) 
 

Source 12: Future Energy System in Longyearbyen 
 

Hans-Kristian Ringkjøb (2017): The future energy system in Longyearbyen – A 
modelling study 
https://www.uib.no/sites/w3.uib.no/files/attachments/hans-kristian_ringkjob_0.pdf 
(Date of Access: 13. Nov. 2018) 
 

Source 13: Landwirtschaftskammer NRW 
 

Landwirtschaftskammer Nordrhein-Westfalen: Versuchsgewächshaus in Straelen 
https://www.landwirtschaftskammer.de/gartenbau/versuche/artikel/versuchsgewaechs
haus.htm 
(Date of Access: 13. Dec. 2018) 
 

Source 14: DesignBuilder & EnergyPlus 

 
  Designbuilder – Performance Analysis Tool and Interface based on EnergyPlus 
  https://designbuilder.co.uk/ 

 (Date of Access: 13. Mar. 2019) 
https://energyplus.net/ 
 (Date of Access: 13. Mar. 2019) 
 

Source 15: ThisIsSvalbard2016 

 
  This is Svalbard 2016 – What the figures say 
  https://www.ssb.no/en/befolkning/artikler-og-publikasjoner/this-is-svalbard-2016 

 (Date of Access: 19. Feb. 2019) 
 

Source 16: High North News – Coal Import to Svalbard may become a Necessity 

 
  Anne Finn (2017): Coal Import to Svalbard may become a Necessity 
  https://www.highnorthnews.com/en/coal-import-svalbard-may-become-necessity 

 (Date of Access: 05. Mar. 2019) 
 

Source 17: Scandinavian Biogas Handbook 

 
Anna Dorte Noorgard and Knud Tyburk (2014): Scandinavian Biogas Handbook. Agro 
Business Park, Denmark 

https://translate.googleusercontent.com/translate_c?depth=1&hl=no&rurl=translate.google.no&sl=no&sp=nmt4&tl=en&u=https://www.tu.no/artikler/ma-forby-solceller-og-vindkraft-pa-svalbard-prisen-tvinger-fram-dieselkraftverk/450723&xid=17259,15700002,15700022,15700124,15700149,15700186,15700191,15700201&usg=ALkJrhjEr4PYsmN2HL27jMOAb9gPpvoaOg
https://translate.googleusercontent.com/translate_c?depth=1&hl=no&rurl=translate.google.no&sl=no&sp=nmt4&tl=en&u=https://www.tu.no/artikler/ma-forby-solceller-og-vindkraft-pa-svalbard-prisen-tvinger-fram-dieselkraftverk/450723&xid=17259,15700002,15700022,15700124,15700149,15700186,15700191,15700201&usg=ALkJrhjEr4PYsmN2HL27jMOAb9gPpvoaOg
https://www.regjeringen.no/contentassets/cdaceb5f6b5e4fb1aa4e5e151a87859a/thema-og-multiconsult---energiforsyningen-pa-svalbard.pdf
https://www.regjeringen.no/contentassets/cdaceb5f6b5e4fb1aa4e5e151a87859a/thema-og-multiconsult---energiforsyningen-pa-svalbard.pdf
https://www.lokalstyre.no/gebyrregulativ-for-2019-vedtatt.6175741-321755.html
https://www.uib.no/sites/w3.uib.no/files/attachments/hans-kristian_ringkjob_0.pdf
https://energyplus.net/
https://www.ssb.no/en/befolkning/artikler-og-publikasjoner/this-is-svalbard-2016
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Source 18: Biogas Country Overview 

 
Tobias Perrson et al.(2015): Biogas Country Overview. IEA Bioenergy, Sweden 

  
Source 19: Svalbard Environment Protection Act 
   

 The governor of Svalbard (2016): Act relating to the protection of the environment in 
Svalbard 

 
Source 20: Svalbard Regulations 
   

 The governor of Svalbard (2013): Regulations relating to persistent, bioaccumulative 
and toxic substances, waste and waste water and waste management fees in 
Svalbard 
 

Source 21: Transpiration of greenhouse crops 

 
Cecilia Stanghellini (1987): Transpiration of greenhouse crops. An aid to climate 
management 
 https://www.researchgate.net/publication/40129781_Transpiration_of_Greenhouse_Cr
ops_-_an_Aid_to_Climate_Management 
 (Date of Access: 22. Mar. 2019) 
 

Source 22: Plant factories; crop transpiration and energy balance 

 
Luuk Graamans, Andy van den Dobbelsteen, Esther Meinen, Cecila Stanghellini 
(1987): Plant factories; crop transpiration and energy balance 
https://www.sciencedirect.com/science/article/pii/S0308521X16306515 
 (Date of Access: 22. Mar. 2019) 
 

  

https://www.sciencedirect.com/science/article/pii/S0308521X16306515
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Appendix 1: Assumptions of Energy Building Simulation for Glazing Assesment .................86 
Appendix 2: Assumptions of Energy Building Simulation for possible Greenhouse Area 

Estimation .....................................................................................................................87 
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Appendix 1: Assumptions of Energy Building Simulation for Glazing Assesment 
 

➢ Walls, Roof, Floor U-Values: 0,25 W/(m²K) 

 

➢ Indoor Conditions Temperature = 20 °C all the time 

Air Changes = 0,1 ac/h 

 

➢ Glazing: ETFE Double Layer 

Uf = 3,8 W/(m²K) 

SHGC = 0,88 

 

➢ Thermal Blanket: Airtight, 1 cm gap to glazing 

Thickness = 5 cm 

Thermal Conductivity = 0,04 W/(m*K) 

Closed to grant 14 h Photoperiod in 

Summer 
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Appendix 2: Assumptions of Energy Building Simulation for possible Greenhouse Area 
Estimation 

 
 
General 
 
 
 Value 

Program Version and Build EnergyPlus, Version 8.3.0-6d97d074ea, YMD=2019.03.13 09:48 

RunPeriod LONGYEARBYEN GLAZING (01-01:31-12) 

Weather File Longyearbyen - - MN7 WMO#=999 

Latitude [deg] 78.22 

Longitude [deg] 15.63 

Elevation [m] 20.00 

Time Zone 1.00 

North Axis Angle [deg] 0.00 

Rotation for Appendix G [deg] 0.00 

Hours Simulated [hrs] 8760.00 
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Opaque Exterior 

 Construction Reflectance 
U-Factor with Film 

[W/m2-K] 
U-Factor no Film 

[W/m2-K] 
Azimuth 

[deg] 
Tilt 

[deg] 
Cardinal 
Direction 

GROWCER:ZONE1_WALL_2_0_0 CONTAINERWALL 0.60 0.322 0.338 90.00 90.00 E 

GROWCER:ZONE1_WALL_3_0_0 CONTAINERWALL 0.60 0.322 0.338 0.00 90.00 N 

GROWCER:ZONE1_WALL_4_0_0 CONTAINERWALL 0.60 0.322 0.338 270.00 90.00 W 

GROWCER:ZONE1_GROUNDFLOOR_0_0_0 CONTAINERWALL 0.60 0.321 0.338 0.00 180.00   

GROWCER:ZONE1_ROOF_1_0_0 CONTAINERWALL 0.60 0.323 0.338 180.00 0.00   

GREENHOUSE:ZONE1_WALL_1_0_0 
TEK 17 SANDWICH PANEL 

WALL 
0.60 0.221 0.229 180.00 80.00 S 

GREENHOUSE:ZONE1_WALL_2_0_0 
TEK 17 SANDWICH PANEL 

WALL 
0.60 0.221 0.229 270.00 90.00 W 

GREENHOUSE:ZONE1_WALL_3_0_0 
TEK 17 SANDWICH PANEL 

WALL 
0.60 0.221 0.229 90.00 90.00 E 

GREENHOUSE:ZONE1_WALL_4_0_0 
TEK 17 SANDWICH PANEL 

WALL 
0.60 0.221 0.229 0.00 90.00 N 

GREENHOUSE:ZONE1_WALL_4_0_1 
TEK 17 SANDWICH PANEL 

WALL 
0.60 0.221 0.229 0.00 90.00 N 

GREENHOUSE:ZONE1_GROUNDFLOOR_0_0_0 TEK 17 SLAB 0.40 0.184 0.189 0.00 180.00   

GREENHOUSE:ZONE1_ROOF_5_0_0 
TEK 17 SANDWICH PANEL 

WALL 
0.60 0.222 0.229 180.00 0.00  

 
 


