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Abstract

This research is part of an ongoing project, BioREF (Biorefinery for sustainable Reliable Economical 
Fuel production from energy crops). BioREF is intended to develop, in a dynamic way, a 
benchmark for future integrated and sustainable bioenergy production systems that will contribute 
to enhance Denmark’s position in the bioenergy production. The success of shifting from fossil 
fuels to renewable sources lies not only on the process itself but also on the efficiency of the whole 
production from the supply chain perspective. In order to obtain a sustainable production of biofuels, 
each step in the supply chain is important and crucial for the overall success. The optimization 
of the rapeseed supply chain is strongly dependent on the available technologies, infrastructure, 
government policies, and the human factor support, which are characteristic for each country and 
may also vary between different areas in the same country. The influences of crop production 
schemes, harvesting workability, crop yield, harvesting technology, transporting provisions, etc. 
were evaluated using empirical data sets. This study includes the identification of the key parameters 
for a modelling tool, in order to obtain a more precise understanding of the process and its special 
conditions for Denmark.

Keywords: agricultural biomass, logistics, modelling tool, biofuels

Introduction

Like in the most EU countries the Danish agricultural plant production is dominated by a few major 
crops. The first two main crops in Denmark are cereals and rape seed, which make up for more 
than 61% of the total plant production (www.statbank.dk, 05.01.2009).
Oilseed rape is a very valuable choice of biomass, due to the high number of products obtainable 
from the seeds, such as vegetable oil, rape cake, saw oil, lubricants, paint, glycerine, biodiesel, heat 
and power generation, crude oil for asphalt and concrete industry and many more. It is expected 
that the plant species adapted for energy purposes have lower environmental impact than food/feed 
crops, as such species are grown for their energy content and not for their nutrients value. To be 
profitable for farmers, biofuels crops need lower levels of input and costs than conventional crops.
The raw materials for the biomass conversion are produced over large geographical areas, have a 
limited availability window, and often are handled as very voluminous materials. As a result the 
transportation and logistics between point of production and to the conversion facilities becomes 
a vital part of the overall operational, economic and energetic viability of the biomass conversion 
process.
The objective of this paper is to analyse the supply chain of rapeseed from sowing, harvesting, 
transportation, and drying and storing under Danish conditions. Specifically, it is the objective to 
study how these separate steps can be optimized in order to increase the efficiency of the whole 
supply chain, by the use of a modelling tool that will simulate specific case scenarios.
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Case study on Denmark

Denmark is situated in northern Europe; it is one of the Nordic countries and part of Scandinavia 
with a population of 5.3 million inhabitants. Denmark consists of the Jutland peninsula and a 
large number of islands, with a coastline of 7,314 km. The largest islands are Zealand, Funen 
and Bornholm. Jutland accounts for 70% of Denmark’s total area of 43,560.76 km2. The country 
is relatively flat, the highest point rising to only 173 m above sea level. About 62% is farmland, 
11%woodland and the rest is build-up areas, roads, and lakes.
The Danish climate is temperate. The winters are not particularly cold, with mean temperatures in 
January and February of 0.0 °C, and the summers are cool, with a mean temperature in August of 
15.7 °C. There is a lot of wind, which is stronger during the winter and weaker during the summer. 
Denmark has an average of 121 days per year with precipitation, on average receiving a total of 
712 mm per year; autumn is the wettest season, and spring the driest (www.dmi.dk, 15.12.2008).

Danish supply chain of rape
Oilseed rape is grown in Denmark on 179,200 ha in 2007. Due to the rotational characteristic of 
the crop, the maximum agricultural area that can be used is 20% (around 530,000 ha) of the total 
Danish agricultural area (www.statbank.dk, 05.01.2009). Winter rape has been grown in Denmark 
for many years with good results. The average yield of rapeseed is 3.5 tones (between 3.8 - 4.5 
tones of seeds; it is also common to have 5 tones yield every six years), (A. Kristensen, personal 
communication).
Danish farmers grow both Genetically Modified and normal rape. It is usually seeded in rows with 
a 12.5 cm distance, although, 50 cm distance is also a possibility. The latter method has proved to 
give approximately the same yield because of sufficient light and space to produce the same amount 
of seeds. Additionally, the 50 cm method gives the farmer the opportunity to use mechanical weed 
control. Depending on the type of soil, N application is regulated via norms and must not exceed 
180 kg/ha of N for clay soil. Normally, farmers with animal production apply slurry in autumn 
and spring, complying with the limitations for application periods. For example, the last date for 
using fertilizers is October first, after which, no operation is carried on the field until spring. The 
fertilizers used have to be approved by the government.
The most common harvesting procedure is single-step harvesting with a combine harvester, and the 
straw is being left in the field. However, some farmers use multi-pass harvesting with a windrower 
that cuts the crop, where after the swaths dry in the field for approximately 14 days, prior to be 
picked-up and threshed by a combine harvester.
Depending on the weather and demand for straw, some farmers bale the rape straw. Even if the rape 
straw has a low usage as feedstock for heating plants, it is to a certain extent used in conventional 
heating plants or for on-farm central heating.
Denmark is a rainy country with a typical rainfall of 67 mm during harvest period (www.dmi.
dk). Thus the farmers have a limited amount of time for the harvest introducing a higher risk that 
the harvested seeds will need drying in order to reach the accepted moisture content. Depending 
on the weather condition at harvest time, the generally accepted moisture content is between 9% 
and 12%. Usually the buyers of rapeseed accept up to 9% moisture without price reduction. Some 
buyers accept up to 12% moisture content during harvest season and a maximum of 9% during the 
rest of the year (T. Jensen, personal communication).
Drying is done either with ambient air or hot air, and usually takes place at the farm. Depending 
on specific arrangements with the buyers the straw and seeds will be stored for a certain amount of 
time. Rapeseed is usually stored in silos that will allow the seeds to dry in the same time, and the 
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bales are stored inside rather than in the open field. The market and price at harvest time determine 
if the seeds are sold as a whole or divided in multiple sales.
The same is the case for the straw, as the farmers usually have a contract with a local heating plant, 
and have to follow a yearly scheme for delivery. Lately it has become custom for bigger dealers 
to buy the straw in advance for a fixed price and then based on a pre-established scheme they bale 
the straw and subsequently transport if out from the farm. Given the highly wet conditions, the 
bales are usually stored inside until transport to the end user.
The most used means of transport for rapeseed are mobile containers. The containers are picked-up 
and transported by the farmers or contractors. In the case of the baled straws, the transportation is 
carried out by the use of trucks or tractor-pulled wagons. Currently, no provisions concerning the 
use of tractor-pulled wagons over long distances exists, indicating the possibility for the farmer to 
exclusively choose his form of transportation mean.
Denmark has a long history of using straw fired heating plants, CHP (Combined Heat and Power) 
plants or power plants. Danish farmers have always played an important role for sustaining small 
scale local heating plants, usually at a distance not longer than 30km.

Supply chain optimization

Optimal utilization of biomass, as a high valuable substitute for fossil fuels, plays the key role in 
the overall biomass supply chain. Theoretically, if fully integrated, bioenergy can fulfil in between 
30-40% of the entire world energy needs and demand (Nielsen et al., 2006).
Biomass supply chain modelling has received considerable efforts in the past and has involved the 
optimal location, and sizing of conversion facilities in terms of performance indicators and costs, 
and resource minimization (e.g. BIOLOGICS and BIOLOCO, both designed by The Department of 
Agricultural Engineering & Physics of the Wageningen Agricultural University, The Netherlands; 
Caputo et al., 2005). The fuel consumption and green house emissions in the supply chain are 
also key elements of the models (Buckmaster et al., 2005 and Bentini et al., 2007). The developed 
models simulating the biomass flow from the production location to the biorefinery are intended 
to estimate the efficiency and study the sustainability of bioenergies (Sokhansanj et al., 2006).
It is noted that the modelling efforts have focused either on the perspective of the farmers or the 
biorefineries and not so much on their interrelations. This study aims at developing an optimization 
tool addressing both to the farmer and the biorefinery. For building up a model like this, besides 
programming the software for the web interface, that will provide users the required information, 
some already existing sub-models will make possible the calculation of fuel consumption, work 
load and machinery performance, capacity, etc.
The labour and machine inputs are estimated as a function of parameters, such as field dimensions, 
working speed, working width and transport distance:

 (1)

where: A is the labour requirement in min; h is the size of the field in ha; v is the working speed in 
km/h; e is the effective working width in m; p is the time for turning in min per turning; b is the field 
width in m; n is the number of turnings per pass (normally n=2); a is a model parameter dependent 
on field shape and travel pattern (a=1 in the case of driving back and forth in the swath); k is the 
turnings on headland in min per field; s represents the stochastic crop and soil stops, adjustments, 
control, tending of machine in min/ha; and q is an assessed rest allowance time, amounting to 5% 
additional time in min.
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The average fuel consumption is estimated as a function of tractor size. In order to provide the 
same assumptions for all the systems considered, the average engine load for all tractor operations 
during tillage or harvest is set to the same fraction of the maximum power of the tractor. This 
fraction is based on farm analyses measurements and literature. The average fuel consumption is 
stated as follows:

 (2)

where: l is the average fuel consumption in l/h; x is the engine load; Pm is the maximum power of 
the tractor in kW; f e is the assumed fuel efficiency in g kW/h; and d is the density in kg/l.
Such models are previously developed by the Agricultural Engineering Department of Aarhus 
University and will be integrated in the optimization model (Sørensen, 2003; Sørensen and Nielsen, 
2005).

Danish position regarding biodiesel from rapeseed
In Denmark there is only one biorefinery producing biodiesel from rapeseed, Emmelev A/S, situated 
on Funen Island. Its location gives access to Emmelev for ship transport, railway and road transport 
to all the country and makes cross-border transport possible. Emmelev is acquiring rapeseed from 
Denmark, Germany, Latvia, Lithuania and Russia, processing 500 tones of seeds daily. The transport 
costs in average 10 € per tone, regardless its country of origin (both for Denmark or Lithuania, the 
transport price is almost the same), which allows Emmelev to import rapeseed by ship through 
Odense’s harbour (T. Jensen, personal communication). This means, if Emmelev would like to 
buy rapeseed from Jutland, it will need intermediary storage points placed on the Eastern coast of 
Jutland, so when a certain quantity is reached, it can be delivered by ship.
On an everyday basis, Emmelev receives around 15 truckloads, having a storage capacity of 
160,000 tones of rapeseed and 150 m3 tanks for storing biodiesel. Apart from biodiesel, glycerine 
is produced for pharmacies in Germany, Finland, Sweden and Denmark. Glycerine is stored at 
50 °C and is transported in tankers. Process residues such as rape-cake, are exported as pellets to 
Sweden and Norway. Emmelev conducts antibacterial treatments to meet Norway’s standards for 
the rape-cake (T. Jensen, personal communication).
For drying, Emmelev uses gas to heat the seeds to approximately 60 °C in order to reach 2-3% 
moisture content, and then the seeds are sent directly to the press. Each day, approximately 350 tones 
of rapeseed are dried; approximately 22 tones per hour of rape (T. Jensen, personal communication).
The production of biodiesel during 2007 was of 100 million litres and it is expected to be doubled 
during 2008 (T. Jensen, personal communication). Due to the lack of national tax exemptions, most 
of this is exported to Sweden and Germany.
In 2006, the number of farms in Denmark was of 47,000 with more than 5 ha of farm area. The 
average farm size is currently 57 ha, way above the EU-average. The smaller farms, extending to 
less than 30.0 ha constitute a significant proportion of the total number of farms (www.statbank.dk, 
06.01.2009).Given that most of the agricultural area lies in Jutland and the county with the highest 
number of farms is North Jutland, 6,864, and an agricultural area of 390,727 ha (www.statbank.dk, 
06.01.2009), the distance between a farm situated there and the biorefinery would be approximately 
250km; a distance far too big to travel considering both time and expenses. Farmers from Jutland 
sell their rape to neighbouring contractors, like Brdr. Thorsen I/S (Nimtofte, Denmark) or DLG 
(Axelborg, Denmark), that further on sell to Germany or to the Danish production of vegetable oil 
for food consumption, like Århus Karlshamn (Malmö, Sweden), or industrial use (paint, crude oil 
for asphalt and concrete industry, etc.).
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Due to the fact that rape is a rotational crop, meaning that rape can be grown only once in four years 
due to the increased risk of pests and diseases of the plant, the maximum potential is of 20% of 
the total agricultural area. Currently, rape is grown on an average of 4.7% of the agricultural area 
of Denmark (www.statbank.dk). A comparison between an area of 5% and 20% is given, in terms 
of cultivated area, yield, transport loads, distance and time of transport for both the seeds and the 
straw, in order to show that impacts that an increase on the area will have on the supply chain. In 
Appendix A, Funen Island is considered as a representative case simulation that can further on be 
enlarged to comprise the whole of Denmark. Both Emmelev and Fynsværket (owned by Vattenfall 
company; Copenhagen, Denmark) are situated on Funen, which will be considered as the end users 
for rapeseed, respectively rape straw.

Expected results

In the biomass supply chain, all the stakeholders have to be considered as individuals. Because 
of the complexity of the biomass supply chain, each stakeholder (farmer, contractor or refinery) 
has different characteristics. The tool will provide optimal strategy, personalized on the individual 
needs, resulting in global optimization.
Biomass supply chain management (SCM) involves coordinating and integrating activities and 
processes among different parties for the benefit of the entire supply chain. The integration of 
multiple functions in a global supply chain context is complex. Information technology systems 
have been recognized to facilitate the processes of supply chain management through integrated 
information sharing, process automatization, and relationship management programs (Lancioni 
et al., 2003).

Modelling tool main outputs
The efficiency of the biomass SCM is strongly influenced by its bottlenecks, where a bottleneck 
(or constraint) in a supply chain means the resource that requires the highest input in terms of 
time, costs, etc. that affects the whole chain productivity. By identifying which process needs 
more attention and learning how to overcome its constraints will be the key of the whole idea of 
optimizing the biomass supply chain.
The biomass logistics steps that need to be analyzed are, as stated before, harvesting, handling of 
biomass on the field, drying, storage and transport, while the stakeholders are represented by the 
farmers, contractors and refineries.
There are several harvesting procedures that depend on the special characteristics of the biomass 
being harvested. For rape harvesting, normal combine harvesters can be used, with minor 
modifications (i.e. heading of the cutter blades). Also, if the straw is of interest, the baling operation 
implies use of extra machinery.
The storage of biomass implies even more attention due to the constrained availability of the biomass, 
and due to the specifics of the growing season. In order to maintain the required quality of the 
biomass during storage for an extended period, it needs to meet some requirements which depend 
on the moisture content of either the seeds or the straw. During unfavourable harvest conditions, 
the moisture content will be high which will impede prolonged storage. Even during favourable 
harvest conditions, the moisture content may still prevent prolonged storage, given the increased 
risk of micro organism that will develop in time. These considerations make the drying procedure 
an important step as a mean for increased biomass availability.
However, with the new rising technologies, like burning wet or damaged straw in heating plants, 
there are contractors willing to buy the straw disregarding its quality, for a fixed price, offering the 
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farmers a better insurance against weather and other expenses, for a reasonable price. Like this, 
they do not need to worry about baling, storing, transport and even weather.
Biomass material can be transported in several different ways. A dedicated transport form depends 
on the type of biomass, form, quantity, intended customer and transport distance. Two sequential 
steps of transport exist: 1) from the field to the farm or temporary storage facility, and 2) from the 
farm to the biorefinery. The first is performed solely by tractor with wagon or truck, whereas the 
second step will involve multiple transport technologies influenced by the amount of biomass, 
distance to be travelled, transport form (pellets, containers, etc.).
For handling the biomass there are pre-established routines that take into consideration preserving 
the quality and the quantity during this operation. These routines and other management activities 
require the biorefinery to plan production ahead of time to ensure biomass availability at all 
times. These planning efforts include the prediction of future biomass demand in stochastic terms 
regardless of whether the biomass production and supply originates nationally or internationally. 
The modelling tool will offer mainly local tailored results, but can also support more dispersed 
supply chain activities. For the farmers, the supply chain should be as local oriented as possible in 
order to facilitate the transport and provide optimized time management.
Contractors can handle both the seeds and the straw. A contractor is not necessarily involved in 
biofuels chains, as the rapeseed oil is also used for human consumption. The important role of the 
contractor is to function as a distributor of materials by establishing an intermediary point between 
farmers and refineries, as well as functioning as a distinct user.
The modelling tool will be a web application available for each stakeholder. It will contain a 
comprehensive database for a specific region, indicating how many farmers are growing rape, how 
many contractors that are dealing with any of these raw, and how many biorefineries are available for 
producing biofuels. Beside the number of local stakeholders, their location will also be presented. 
The tool will function as a simulation model open for user interaction and the capability of providing 
data and evaluations for improved planning purposes, by providing clear estimations of work load 
and machinery performance (Equation 1), fuel consumption (Equation 2), and time management.
One advantage of the modeling tool is that it is user-centric, in terms of, for instance, customizing and 
targeting specific information based on individual needs and circumstances. In this way, information 
is filtered to relevant users and execution of multiple tasks at remote locations is enabled. As a 
consequence, user-centric mobile supply chains changes the dynamics of the processes in terms 
of content and relational aspects such as trust and commitment (Eng, 2006).
For a contractor using this tool, the result will be of who are the sellers/buyers in their area of 
interest, and also their location, quantity, quality, and prices of the products.
It is expected that farmers will find the proposed tool more beneficial than biorefineries or 
contractors, as it have the potential to evaluate costs attributed to the whole process. It will be 
possible to introduce, in a farm specific profile, the machinery complement, field areas and location, 
fuel use for harvest, baling and on-farm transport and handling of their crops, time consumption for 
each operation, etc. The resource input and attributed costs will cover all organizational frameworks, 
like on-farm drying and storage, in the case of prolonged storage depending on the market situation 
and the transport out of the farm. The latter will also invoke best route options.
All dedicated information has to be considered when trying to optimize a complex supply chain, 
because each farm will employ its own machinery that might and will change the setup of the 
individual supply chain. Even if theoretically, whole crop harvest would mean less fuel consumption 
and labour, and therefore be the first choice when optimizing the process, it could be difficult to 
convince a farmer to buy new and expensive machinery when theirs is working fine, or might not 
even apply on some cases.
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Each user will have its own profile, so that each time they access the tool there is no need to 
introduce again the same inputs like location, available technology, etc. Also by logging into the 
system, new changes in the area that concerns them will be shown.

Conclusions

The potential of using biomass for the biofuels market is currently increasing and it can be reached 
either by improved conversion technologies, better plant varieties that offer better results in terms 
of yield and behaviour to weather conditions, or by improved planning of biomass production and 
handling.
According to the Danish Ministry for Food, Agriculture and Fisheries report on bioenergy, December 
2008, nearly 41% of grain straw and 15% of rape straw is being used for energy purposes. It is 
assumed that by the year 2020 the producing area of straw for the energy sector only will increase 
to 150,000 ha.
The development and implementation of improved growing systems, for the purpose of biomass 
production for biorefinery utilization, is gaining attention due to the increasing demands for 
biofuels and a variety of biorefinery products. In order to have a successful shift from fossil fuels to 
renewable fuels, sustainable resources in larger scales are needed, particularly for the transport sector. 
Therefore, an optimization tool will help provide better insights on which parts of the processes need 
optimization and how can this be achieved. Also, in order to improve optimization inherent risks 
have to be considered. The production risk is agriculture is high due to the unpredictable nature of 
weather and the uncertainty about crops’ performance, e.g. through unfavourable biological and 
weather conditions. Identifying, understanding, and controlling the significant factors are the keys 
to achieve supply chain optimum.
This tool will help the participants of the supply chain biomass to stay informed on all the changes 
regarding the entire aspect of the process, make better evaluation, organize and plan more efficiently 
their activities.
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Appendix A. Case study on Funen Island

Funen is located in the central part of the country, with a size of 2,984 km², and has a population of 
447,000 people in 2006. The main city is Odense, connected to the sea by canal, though this canal is 
now seldom used. The city’s shipyard Odense Steel Shipyard has been relocated outside of Odense.
Funen is linked to Zealand, Denmark’s largest island, by the Great Belt Bridge carrying both trains 
and cars. The Great Belt Bridge is in reality two bridges; a low bridge connecting Funen to the 
small island of Sprogø in the middle of the Great Belt and a long suspension bridge the rest of the 
way to Zealand. The suspension bridge was the second longest in the world at the time of opening. 
From Funen to Sprogø, trains use a separate bridge parallel to the low bridge and constructed 
in a similar way. A tunnel connects Sprogø with Zealand, forming the other half of the railway 
connection. Two bridges connect Funen to the Danish mainland, Jutland; the first was constructed 
in the 1930s shortly before World War II for both cars and trains. The second, a suspension bridge, 
was constructed in the 1970s and is used for cars only.
Emmelev A/S, the refinery producing biodiesel from rapeseed is situated some 20km away from 
Odense. Fynsværket, a Danish heating plant fired with straw, which provides heat to approximately 
100.000 households, and is located in Odense. Fynsværket is a CHP-plant (Combined Heat and 
Power). It is owned by the company ‘Vattenfall’. Vattenfall controls approximately 24% of the 
Danish power generation capacity. Vattenfall’s generation in Denmark consists of thermal and wind 
power and is a part of Vattenfall Nordic’s total generation mix.
In Figure 1, the gray area represents the whole Funen region that comprises two smaller islands in 
the south. On these islands, there are also farmers delivering their crops to Emmelev or Fynsværket. 
For them, the transport includes also travelling with the ferry.
Funen Island has a rich agricultural activity; farms here are dealing both with crops growing and 
farm animals. In Table 1, the potential of increasing the actual agricultural area of rape from 5% 
to 20% is shown.

 
Figure 1. Map of Denmark with Odense and Emmelev locations 
 

Funen Island has a rich agricultural activity; farms here are dealing both with crops 
growing and farm animals. In Table 1, the potential of increasing the actual agricultural area 
of rape from 5% to 20% is shown. 

 
 Area of 5% Area of 20% 

Cultivated area of rape (ha) 11,300.85 45,203 
Total yield of rape (tones) 41,587.13 166,349 
Seeds transport with lorry (number of loads) 1,386 5,545 
Seeds transport with tractor (number of loads) 2,773 11,090 
Straw transport with lorry (number of loads) 2,569 10,274 
Straw transport with tractor (number of loads) 3,083 12,329 
Total fuel consumption by lorry for seeds transport (litres) 46,295.48 185,181.90 
Total fuel consumption by lorry for straw transport (litres) 61,875.10 247,500.39 
Max. transport distance by lorry for seeds, both ways (km) 183.2 
Max. transport distance by tractor for seeds, both ways (km) 180.2 
Max. transport distance by lorry for straw, both ways (km) 160.2 
Max. transport distance by tractor for straw, both ways (km) 158.6 
Transport time by lorry for seeds, both ways (min) 156 
Transport time by tractor for seeds, both ways (min) 360 
Transport time by lorry for straw, both ways (min) 128 
Transport time by tractor for straw, both ways (min) 317 
Table 1. Results for Funen Island for 5% and 20% of the total agricultural area 
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The number of loads is given by dividing the total yield of rape from Funen area to the capacity of 
a lorry or a wagon. The capacity of a lorry is 30 tones, while a wagon has a capacity of 15 tones.
The fuel consumption is based on the number of loads with a lorry multiplied with the distance, 
weight of the lorry (both loaded, 44 tones, and empty, 14.5 tones), and the average speed 
consumption. For the straw, the weight of the lorry when full is of 27.7 tones and when empty is 
of 14.5 tones.
The transport distance is based on the location of all the communities on Funen, including the two 
southern islands. For the seeds, the end-user is the city of Otterup, were Emmelev is situated, and 
for straw the end-user is the city of Odense, where Fynsværket is located. The time depends on the 
distance and route (whether is done by motorway or road).
In Table 1, the increase in cultivated area of rape is clearly showing the impacts that this will have 
on fuel consumption, time, and amount of raw materials to be delivered. Increasing to the maximum 
potential of rape will raise new problems in terms of centralized temporary storage places as well 
as their transport. Being able to have an entire view on the balance between inputs and outputs will 
show the true potential of obtaining biodiesel from rapeseed in Denmark in the future.

Table 1. Results for Funen Island for 5% and 20% of the total agricultural area.

Area of 5% Area of 20%

Cultivated area of rape (ha) 11,300.85 45,203
Total yield of rape (tones) 41,587.13 166,349
Seeds transport with lorry (number of loads) 1,386 5,545
Seeds transport with tractor (number of loads) 2,773 11,090
Straw transport with lorry (number of loads) 2,569 10,274
Straw transport with tractor (number of loads) 3,083 12,329
Total fuel consumption by lorry for seeds transport (litres) 46,295.48 185,181.90
Total fuel consumption by lorry for straw transport (litres) 61,875.10 247,500.39
Max. transport distance by lorry for seeds, both ways (km) 183.2
Max. transport distance by tractor for seeds, both ways (km) 180.2
Max. transport distance by lorry for straw, both ways (km) 160.2
Max. transport distance by tractor for straw, both ways (km) 158.6
Transport time by lorry for seeds, both ways (min) 156
Transport time by tractor for seeds, both ways (min) 360
Transport time by lorry for straw, both ways (min) 128
Transport time by tractor for straw, both ways (min) 317


