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Preface 

Added value through product development receives an increasing attention in research and 
development projects. The Danish Institute of Agricultural and Fisheries Economics (SJFI) 
has since the late eighties been involved in projects regarding the economic assessment of 
the utilisation of cereals, oil seed crops and protein crops for upgraded and refined products. 
 
The following project (Biorefined Oilseed Products) is focused on rape seed with the objec-
tive to develop products tailored to meet functional requirements within different food and 
non food markets in Europe.  
 
The report is conducted by Søren Marcus Pedersen and Morten Gylling. The technical data 
for the system analysis is kindly provided by Christian Bagger, the Bioraf Denmark Foun-
dation. 
 
The project has received financial support from the EU FAIR-programme and the Danish 
Ministry of Food, Agriculture and Fisheries, Directorate of Food, Fisheries and Agrobusi-
ness and is a collaboration project between Danish Institute of Agricultural and Fisheries 
Economics, BIORAF Denmark Foundation, The Royal Veterinary and Agricultural Univer-
sity, Denmark and a number of European research institutes.  
 
 
Danish Institute of Agricultural and Fisheries Economics 
Farm Management and Production Systems Division 
 

Johannes Christensen 
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1. Introduction 

The objective of biorefining is to develop sustainable processing systems for decentralised 
productions (biorefineries), where the production system is tailored to handle, process and 
upgrade the agricultural output of a region to make a full and optimal utilisation of the bio-
mass, and thus keep the highest possible share of the value added in the region.  
 
Biorefineries can be build-up by one or several processing lines, which opens up for syner-
gies in relation to investment and labour costs and flexibility in relation to production and 
market as well as benefits in relation to transportation of bulk biomass materials.   
 
European agriculture produces mainly cereals, oil- and protein crops as well as fibres 
(straw). Added value through product and market development receives an increasing atten-
tion in research and development projects.  
 
In this working paper the results from the Biorefined Oilseed Products  project (BOP, 2000) 
is used  as a model and an example to illustrate the economy in a biorefinery production 
system. 
 
The overall project objective was to produce new high added value end-products by aque-
ous extraction of cruciferous oil seeds (including rape seed). This technique should there-
fore give possibilities to create a potential European production of plant proteins and other 
valuable sideproducts based on one of the most important and examined crops in Northern 
Europe. 
 
This Working Paper describes the economic part of the project which is based on system 
analysis. The task is to assess and optimise the production economy in each link of the sys-
tem. The system analysis is based on a model plant with an overall capacity of 8,000 tons 
rape seed per year. The output and mass balance in the process is: 32 percent refined oil, 19 
percent carbohydrates, 16 percent protein concentrates, 15 percent dried hulls, 10 percent 
protein isolates, 5 percent dietary fibres, 2 percent emulsifiers and about 1 percent biocides.   
 
The main focus has been to assess the economic structure in the process and to identify ar-
eas of special economic interest in terms of processing costs and end product functionality 
and thereby price level. The economic feasibility study is based on data and recommen-
dations from the technical and biological partners in the project. An overall sales revenue 
and gross margin analysis is conducted for various production scenarios. 
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The analysis has also focused on the price trends for the various output products in the pro-
duction process. In addition, the economic viability at different price levels for the products 
has been calculated. The study also seeks to analyse how a rise in the total investments by 
10-50 percent will influence on the overall economy.  
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2. Products and sales prices 

The end-products from the BOP-process have the potential to substitute a number of well 
known products and to enter well known markets as well as niche markets. The input in the 
process, however, is based on only one single raw material, rape seed. 
 
Table 2.1 shows the prices of various products, which are comparable to the BOP-products. 
The prices, which have been applied in this calculation, are import prices delivered at the 
Danish boarder. In this respect the actual prices at the plant gate can differ from the prices 
shown in the table due to regional or local conditions. 
 
TABLE 2.1. Price of comparable products, DKK/kg 
       
 
Bop-products 

 
Comparable product 

Market/ 
Industry 

 
1996-975) 

 
19973) 

 
19983) 

 
19993) 

       
Rape seed Rape seed Input 1.57 1.85 2.10 1.79 
Hulls, Dietary fibres Wheat bran Feed 0.88 0.89 0.73 0.77 
Oil Refined rape seed oil Technical 4.04 4.01 4.56 4.48 
Protein isolate Casein Food 23.76 35.31 33.38 13.26 
Carbohydrates Molasses Feed 0.68 0.77 0.68 0.54 
Protein concentrate Wheat gluten Food 5.23 4.81 6.10 7.82 
 Protein concentrate  

Without milk fat, glycose 
and starch 

Food 4.95 7.61 5.93 - 

Biocides4) Plant protection1) Agriculture  ------------------------- 200 ------------------------  
Emulsifiers Diglycerides2) Technical oils  -------------------------- 20 ------------------------- 

 
1) Estimate. 
2) Personal communication Castrol A/S 1995 Q4.  
3) Import prices delivered at the Danish boarder or harbour. incl. transport/freight cost and insurance  (c.i.f). 

All prices are average prices for 2nd quarter in 1997,98 and 99.  
4) A comparable product has not been identified.  
5) Average price between 1st quarter 1996 and 2nd quarter 1997. 
 
Source: Danmarks Statistik (flere årgange). 
 
 

2.1. Rape seed 

The average price of rape seed, which is the primary input in the production system, is 1.57 
DKK/kg (1996-97). Lately the price of rape seed has been fluctuating and increased mark-
edly. The input of rape seed accounts for about 40 percent of the variable costs in the sys-
tem. In 1998, the price of rape seed was above 2 DKK/kg and the price has thereby in-
creased close to 70 percent since the beginning of 1996. By the end of 1999 the price of 
rape seed was less than 1.5 DKK/kg (SJFI, 1999). The future price of rape seed will depend 
on the world market price for other oil crops such as soya beans, sunflower and olive oil. 
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The current production of rape seed on the world market is about 11.4 mill. tons (1999). It 
is expected that the total production of rape seed will decrease to about 10 mill. tons in year 
2000. A reduction which is caused by lower world market prices and reduced area subsidy 
within the CAP (De Danske Landboforeninger, 2000). 
 
 

2.2. Protein isolate and concentrate  

Protein isolate is the most important sales product in the system. The price of casein, which 
can be regarded as a comparable product to protein isolate has been relatively stable be-
tween 1996 and 1998 at a level about 25-35 DKK/kg. Lately the price has been very unsta-
ble with low import prices although it seems that prices have recovered in the second half of 
1999. 
 
Protein isolate account for about 12 percent of the total output in the BOP-system and 42 
percent of the total revenue in the system (1996-97 prices), in this respect it is a vital prod-
uct in the system and only small changes in the output price will have a major impact on the 
overall economy. The consumption of casein is very low and probably negotiated by very 
few buyers. In this respect it is difficult to predict the future price of casein. It is assumed 
that an average price at about 23 DKK/kg is a reasonable estimate. 
 
In table 2.2 is presented (as an example) the Danish consumption and production of various 
proteins. 
 
TABLE 2.2. Production and consumption of various proteins in Denmark (tons) 
      
 1993 1994 1995 1996 1997 
      
PRODUCTION      
Wheat gluten - - - - - 
Casein  43 33 35 12 7 
Casein glue  545 674 647 714 670 
Gelatine and gelatine derivatives  806 1,011 1,411 1,792 2,491 
Potato protein  i.a i.a i.a i.a 3,500 
CONSUMPTION       
Wheat gluten 973 1,101 1,118 1,423 2,922 
Casein  i.a. i.a. i.a. i.a. i.a. 
Casein glue  617 747 870 771 1,059 
Gelatine and gelatine derivatives  3,059 3,032 3,021 2,839 3,377 

 
Note: Soya protein which is based on imported soya beans are not included in the table. 
 
Source: SJFI, Rapport nr. 112. 
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The general trend seems to be a slightly increase in the production and consumption of dif-
ferent proteins. 
 
Protein concentrate from the BOP-process can replace wheat gluten in certain applications. 
The price of wheat gluten is between 5-7 DKK/kg. Wheat gluten is a by-product from the 
wheat starch industry and directly linked to the price and market for starch. A high starch 
price usually implies a low gluten price. 
 
In table 2.1 is also shown the average import price of protein concentrate without milk fat. 
 
Soya protein and wheat gluten are among the most important vegetable protein sources. On 
the world market is consumed about 185,000 tons of soja isolates (protein content > 90 per-
cent) and about 220,000 tons of soya concentrates (protein content: 64-90 percent) for food 
and non-food purposes. Furthermore, it is assumed that the European consumption (incl. 
Africa) of soya protein isolates and concentrates is about 85.000 tons per year (P. Taisbak, 
1999). 

 
The production of soya protein is dominated by 3 North American companies: Central Soya 
which has plants in USA, Denmark and France, ADM which has plants in USA and Hol-
land and finally Protein Technology International (PTI) which has plants in USA and Bel-
gium. In addition there is a number of companies in Brasil, Japan, Czech Republic and 
Yugoslavia. It is assumed that the majority of the production of soya protein is concentrated 
on less than 10 companies. 
 
Central Soya, Århus is a subsidiary company of Central Soya International and the main 
producer of soya proteins in Denmark. The plant has about 140 employees. The majority of 
the production is exported to the rest of Europe. The Danish production is based on Non-
GMO soyabeans. However, on the world market the majority of the soya protein production 
is based on GMO-beans.  

 
The market price of soya isolates is about 18-25 DKK/kg, whereas the market price of soya 
concentrate is about 10-16 DKK/kg (1999). The price of soya protein has been relative sta-
ble within the last years but slightly decreasing (Taisbak, 1999). 
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2.3. Refined rape seed oil 

Refined rape seed oil is the second most important sales product in the system. The price of 
refined oil has been relatively stable within the last 5 years. Currently the price is about 4 
DKK/kg. 
 
Table 2.3 indicates that the Danish consumption of vegetable oils for technical purposes has 
increased markedly since 1993 while the food grade consumption is relatively stable. 
 
TABLE 2.3. Production and consumption of vegetable oils in Denmark (tons) 
      
 1993 1994 1995 1996 1997 
      
Production 222,748 201,136 193,860 228,059 163,695 
Consumption 262,748 254,089 254,008 319,998 274,812 
Consumption for non-food 
(technical oil) 

 
4,457 

 
4,401 

 
13,733 

 
19,849 

 
15,613 

 
Source: SJFI, Rapport nr. 112. 
 
 

2.4. Carbohydrates 

The price of carbohydrates (molasses) has also been relatively stable within the last 3-4 
years. Molasses is a typical by-product from sugar-beet production and the carbohydrates 
from the BOP-process is likewise regarded as a by-product from this process. 
 
There has been a slight tendency of a reduced price level for this commodity, but carbohy-
drates are however low value products and therefore not vital in the overall economic sys-
tem.  
 
 

2.5. Hulls and dietary fibres 

Hulls and dietary fibres are by-products from the proces and can in a number of applica-
tions replace wheat bran. 
 
Wheat bran is like carbohydrates a low value product, the price is currently about 0,73 
DKK/kg. 
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2.6. Biocide 

Rape seed contain 12-15 characteristic glucosinolates, which have a potential as antifungal 
or antiinsectical biocides (BOP-1999). 
 
Biocides are high value products. Currently there are no alternative products on the market 
and it is difficult to forecast how biocides will or can substitute other pest or weed control 
products in the future.  
 
In the BOP-project, several tests have been made regarding the effectiveness and toxicology 
of glycosinolate products from different European crops, including rape seed. The antifun-
gal and antiinsectical activity have been tested on selected test organisms e.g. slugs (Dero-
ceras reticulatum) aphids (Aulacorthum Solani), larvae of leatherjackets (Tipula oleracea) 
and also Potato cyst nematode (Globodera rostochiensis). None of the tests until now have 
shown satisfactory and significant percentage kill on any of the test organisms with gly-
cosinolates from rape seed.  
 
The price of the active ingredients of pesticides naturally varies substantially based on 
which type of pesticide, the efficiency and the cost of production. The prices of active in-
gredients in well known broad spectret insecticides and fungicides are estimated to be in the 
range of 700-1,500 DKK/kg. 
 
Based on the potential substitution effect of the BOP-glycosinolates the price is estimated to 
be 200 DKK/kg, which must be considered as a very conservative estimate. 
 
In the production process the share, from biocides of the total revenue, is 16 percent (1996-
97 prices) although the production output accounts for less than 1 percent per year (45 
tons). 
 
TABLE 2.4. Consumption of pesticides in Denmark (tons), active ingredients 
     
 Average 

1981-85 
 

1988 
 

1998 
Percent change  

1988-98 
     
Herbicides 4,636 3,762 2,619 - 30.4 
Growth regulator 238 259 175 - 32.4 
Fungicides 1,779 1,082 770 - 28.8 
Insecticides 319 150 55 - 63.3 
Total 6,972 5,253 3,619 - 31.1 
 
1) 31/12 1996. 
 
Source: Landsforsøgene, Landsudvalget for planteavl 1999. 
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The total Danish consumption of pesticides is currently (1998) 3,619 tons of active ingredi-
ents per year, which is a reduction of 31 percent from 1988. However, the efficiency of the 
pesticides have nearly doubled within the last 5 years. Herbicides accounts for about 2/3 of 
the Danish consumption of pesticides. Fungicides and insecticides accounts for about 825 
tons active ingredients per year.  

 
 
2.7. Emulsifiers 

Emulsifiers is also an important high value sales product in the BOP-process. Emulsifiers 
can be compared with diglycerides. It is however difficult to conclude about the price trend 
for emulsifiers, and the output share is relatively modest. The production of emulsifiers in 
the system is 133 tons/ year and the price is estimated to be about 20 DKK/kg (Castrol, 
1995). Thereby it accounts for about 5 percent of the total revenue in the system. 
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3. Capacity and investments 

In the economic feasibility study the combined process is divided into six sub-processes. 
The processing and investment costs are estimated for each sub-process and for the com-
bined system per unit of rape seed input (tons) in a production set-up with a capacity of 
about 1 ton seed/hour. It is assumed that the operation time at the plant is 24 hours per day 
and 333 days per year, which corresponds to an annual input of 8,594 tons rape seed and a 
capacity of 7,992 tons dry matter sales product. The total investments are 46 mill. DKK for 
stationary machinery and processing equipment and 5 mill DKK for buildings and outdoor 
area. The period of depreciation is 20 years for buildings and 10 years for machinery. Capi-
tal costs are assessed by using the current real interest (7.84 percent) which is based on a 
market interest at 10 percent and a 2 percent inflation. An interest rate of 10 percent seems 
reasonable for such industrial investments.  
 
 
Labour cost at the plant is assumed to be 2.1 mill. DKK/year, which covers the salary for 8-
9 full time employees. In addition we assume that 10 percent of these costs are needed for 
administration.     
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4. Marketing and product development 

An important item in the cost structure is product development and marketing activities. If 
the production plant is regarded as a going concern these activities should be included. An 
estimate is 10 percent of the total variable and fixed costs in the system, which corresponds 
to about 3.3 mill. DKK. These expenditures cover laboratory facilities, 2 engineers for 
product development and research, 1 laboratory technician and 2 marketing and salesmen. 
The cost of marketing and product development is at the same level as similar biotechno-
logical companies. It is however difficult at this stage to estimate the exact expenditures. 
 
Miscellaneous costs covers packing and other expenditures in connection to the production 
and sales activities.  
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5. Economic viability 

5.1. Scenario 1 

The analysis is based on three production scenarios. The basic scenario is presented in fig-
ure 5.1 and table 5.1. In addition is presented two alternative production systems where the 
combined production is limited to a more simple production process. 
 
A detailed description of the overall economic calculation of the basic scenario is shown in 
appendix, TABLE A1 (1996-97 prices) and a simplified description is presented in table 
5.1.  
 
The most economic viable lines in the process is the production line, which produce refined 
oil and emulsifiers and the production line, which produce protein isolate, biocides and car-
bohydrates. From an economic point of view further research and development should be 
emphasised on these two processes.  
 
The sub-process which produce protein concentrate, protein isolate (12 S) and dietary fibres 
creates a significant lower surplus due to a lower value of the sales products – focus is sub-
mitted to this task with respect to the development of emulsifying and lipid protein prod-
ucts.   
 
Dried hulls are very costly to produce in the process. Especially if it is assumed that this 
production should pay for its own share of the fractionation and cleaning costs. However, as 
the production is combined and interrelated with the other processes it should be regarded 
as a by-product. Dried hulls creates a deficit of 222 DKK/tons. The cost of drying is about 
1,102 DKK/tons and the revenue is about 880 DKK/tons. In this respect it should be inves-
tigated whether there are alternative ways of using “non-dissolved hulls”. 
 
At this stage (scenario 1) it is assumed that the combined process will contain all sub. proc-
esses, but later on this assumption will be eased up in the sense that for each sub-process it 
will be analysed whether the intermediate products should be sold to the market or go into 
the next sub-process (see scenario 2 and 3). 
 
The total net profit in the system (scenario 1) is about 17 mill. DKK/year. An initial invest-
ment of 51 mill DKK will then create an internal rate of return (IRR) of 30 percent, which 
is well above the critical level for such investments. The pay back time for the investment is 
3 years. The results of the preliminary feasibility study indicate that a combined production 
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can be a viable investment if the assumptions made with respect to processing costs, in-
vestments, yields and product functionality can be realised. 
 
FIGURE  5.1. Scenario 1 (basic scenario, whole production chain) 
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The calculations in the basic scenario are based on average 1996-97 prices. A sensitivity 
analysis has been conducted with respect to a change in the price level. The economic 
model has been run applying the current prices in 1997 and 1998.  
 
The results from 1996 to 1998 has improved and the IRR has increased with 50 percent (see 
table 5.2). However, the results for the period between 2nd quarter 1997 and 2nd quarter 
1998 shows that profit is slightly reduced. This is caused by a combined increase in the 
price of rape seed (which is the primary input in the process) and a small price reduction in 
some of the outputs like casein, carbohydrates and hulls. The price of other sales products, 
such as refined oil seed and protein concentrate (wheat gluten) has increased but it has not 
been enough to cover the price reductions for the other products. 
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TABLE 5.1. Scenario 1 
      
 Price  

DKK/tons  
Production  

tons  
 

Coff. 
 

Incl. water 
Value 
DKK 

      
Sales revenue      
Dreid hulls                880  1,203 0.95 1,266 1,114,448  
Refined oil             4,040  2,536 1 2,536 10,244,881  
Emulsifiers           20,000  133 0.95 140 2,809,819  
Protein isolate (2S)           23,760  701 0.95 738 17,525,464  
Biocide         200,000  45 1 45 9,088,502  
Carbohydrates                680  1,526 0.5 3,052 2,075,305  
Protein concentrate             5,223  1,260 0.95 1,326 6,925,915  
Protein isolate (12S)           23,760  252 0.95 265 6,301,164  
Dietary fibres                880  336 0.95 354 311,180  
      
Total, sales revenue   7,992  9722,6 56,396,678  
      
Costs      
Rape seed     13,491,886 
Other variable costs     9,868,080 
      
Total     23,359,965 
      
Groos margin 1     33,036,713 
      
Variable costs 2     9,908,200 
      
Gross Margin 2     23,128,513 
      
Fixed costs     6,534,796 
      
Total (sales revenue – costs)     16,593,717 

 
 
The profit level is however still very good for the last two years. The internal rate of return 
is about 45 percent and the pay back time of the initial investments is about 2 years.  
 
TABLE 5.2. Profit, Internal rate of return (IRR) and pay back time  
    
 1 quarter 1996 

- 2 quarter 19971) 
 

2 quarter 1997 
 

2 quarter 1998 
 (Basic scenario)   
    
Profit (DKK) 
(income minus costs)  

 
16,593,717 

 
25,169,697 

 
23,418,625 

Internal rate of return 30 percent 48 percent 45 percent 
Pay back time 3 years 2 years 2,2 years 

 
Note: Cost of capital 7,84 percent. 
 
 
It should be stressed that the economic results are based on a going concern and therefore 
the results should be taken with some caution. It is also assumed that the current market 
price will not be influenced by this production increase. 
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In this study it is a prerequisite that the production process is technical possible. However, 
as the technical process is not fully developed yet, it is plausible that the investment costs or 
erection costs will increase beyond what is assumed in the analysis above. In this matter, a 
sensitivity analysis regarding investment costs has been conducted (see table 5.3). 
 
TABLE 5.3. Sensitivity analysis - Profit, Internal rate of return and pay back time with in-

creased investments 
   

--------- Increase in investments (percent) ---------  2q 1998  
- basic 

 Scenario 
 

10  
 

20  
 

30  
 

40  
 

50  
       
Total investments mill. DKK 51 56.1 61.2 66.3 71.4 76.5 
Profit mill. DKK 23.4 23.2 22.9 22.6 22.4 22.1 
Internal rate of return (percent) 45 40 36 32 29 26 
Pay back time (years) 2.2 2.4 2.7 2.9 3.2 3.5 

 
 
Table 4 shows, that the process (in the basic scenario 1) is economic viable even with a 50 
percent increase in the overall investments. 
 
Based on the results so far a number of more simple production chains of the possible end 
products are set up.  
 
 

5.2. Scenario 2   

In scenario 2 the production line, which further processes the protein meal is excluded (see 
figure 5.2). Instead it is assumed that the production of protein meal (1848 kg dry matter) is 
sold on the market at a price of 4 DKK/kg. The rape seed protein meal can be regarded as a 
feed substitute to fishmeal. The protein meal in this production system is a wet protein 
meal. Consequently, it might be necessary to install drying equipment in the production line 
in order to produce a dry meal product. 
 
By excluding the processing of protein meal to various upgraded products the total sales 
revenue is therefore reduced with about 6 mill. DKK/year. 
 
The overall production output in the process is thereby: Refined oil, bran, protein isolate, 
biocides, carbohydrates and protein meal.  
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FIGURE 5.2. Scenario 2 
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Note: Protein meal is a wet fodder product. 

 
 
When the production line which produce protein concentrate, protein isolate and dietary fi-
bres are excluded, the total investments in scenario 2 will be about 41 mill. DKK of which 
36 mill. is applied for stationary machinery. 
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TABLE 5.4. Scenario 2 
      
 Price  

DKK/tons  
Production  

tons  
 

Coff. 
 

Incl. water 
Value 
DKK 

      
Sales revenue      
Dreid hulls                880  1,203 0.95 1,266 1,114,448  
Refined oil             4,040  2,536 1 2,536 10,244,881  
Emulsifiers           20,000  133 0.95 140 2,809,819  
Protein isolate (2S)           23,760  701 0.95 738 17,525,464  
Biocide         200,000  45 1 45 9,088,502  
Carbohydrates                680  1,526 0.5 3,052 2,075,305  
Protein meal 4,000  1,848 0.95 1,945 7,779,423  
      
Total, sales revenue   7,992  9722,6 50,637,842  
      
Costs      
Rape seed     13,491,886 
Other variable costs     7,417,721 
      
Total     20,909,607 
      
Groos margin 1     29,728,235 
      
Variable costs 2     7,716,200 
      
Gross Margin 2     22,012,035 
      
Fixed costs     5,563,423 
      
Total (sales revenue – costs)     16,448,612 

 
 

5.3. Scenario 3.  

In scenario 3, the production or separation of protein isolate and biocides (glycosinolates) 
are excluded compared with the basic scenario (see figure 5.3). The output will instead be 
limited to carbohydrates which is comparable with molasses. 
 
The production output from this process will be: refined oil, bran, emulsifiers, fibres and 
carbohydrates (molasses). 
 
In addition, the production of protein concentrate and protein isolate in scenario 3 is modi-
fied to produce emulsifiers instead. 
 
The total investments in scenario 3 are 41.5 mill. DKK of which 26.5 mill. DKK is applied 
for stationary machinery. 
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FIGURE 5.3. Scenario 3 
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TABLE 5.5. Scenario 3 
      
 Price  

DKK/tons  
Production  

tons  
 

Coff. 
 

Incl. water 
Value 
DKK 

      
Sales revenue      
Dreid hulls 880  1,203 0.95 1,266 1,114,448  
Refined oil 4,040  2,536 1 2,536 10,244,881  
Emulsifiers 20,000  133 0.95 140 2,809,819  
Carb. Molas 680  2,272 - 3,835 2,607,777 
Emulsifiers 20,000  1,512 0,95 1,591 31,824,840 
Dietary fibres                880  336 0,95 354 311,180 
      
Total, sales revenue   7,992  9722,6 48,912,944 
      
Costs      
Rape seed     13,491,886 
Other variable costs     7,676,123 
      
Total     21,468,009 
      
Groos margin 1     27,744,936 
      
Variable costs 2     7,800,800 
      
Gross Margin 2     19,944,136 
      
Fixed costs     5,621,534 
      
Total (sales revenue – costs)     14,322,601 
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The internal rate of return is above 30 percent in all processes and the payback time is about 
3 years (see table 5.6). 
 
TABLE 5.6. Internal rate of return (IRR) and pay back time 
    
 Scenario 1 Scenario 2 Scenario 3 
    
IRR 30 percent 39 percent 32 percent 
Payback time (years) 3.1 2.5 2.90 

 
 
The calculations above shows that all the 3 scenarios are economic viable based on the 
mass balance mentioned above, and given that the quality of the end products are accepted 
by the end users. 
 
Scenario 2 has the highest economic viability, which is partly caused by a reduction in in-
vestment costs.  
 
The idea of excluding the production of biocides and protein isolate in scenario 3 is not rec-
ommendable from a strictly economic point of view. Scenario 3 is only viable due to the 
modification of the production of protein isolate and protein concentrate. 
 
However, as the test results of the application of glycosinolates (biocides) from rape seed 
oil (see scenario 1 and 2) does not show significant results until now, it seems more risky to 
establish a production which is highly dependent on a uncertain market. In this respect, sce-
nario 3 seems to be a less risky alternative due to the exclusion of the production line which 
isolates the glycosinolates and protein isolate from the carbohydrates. 
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6. Organisation 

A biorefinery plant as described above could be organised as a joint stock company. In this 
case where the primary input is a standard bulk commodity it should not be necessary to or-
ganise a formal contractual agreement between the farmers and the plant. Likewise it should 
not be necessary to establish a co-operative with contractual delivery agreements among 
farmers.  Rape seed is a conventional crop, which is available from most of the European 
regions as a bulk commodity. 
 
In this case it is important that the company has acces to relatively large amounts of long 
term capital and this is probably best acomplished through shares and by establishing a joint 
stock company. 
 
However, it could be relevant to create a more formalised contractual delivery agreement of 
seeds if the final trials indicate that special species of rape seed are a prerequisite for a 
commercial production of the various end products mentioned above.  
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7. Conclusions 

This study indicates that new biorefinery production systems could be economically viable 
based on the assumptions and technologies presented above. Biorefining should enable us 
to create a potential production of plant proteins based on the most important and examined 
crops in Northern Europe such as rape seed, protein crops and cereals. The potential end-
products from these processes have the potential to substitute a number of well known 
products and to enter well known markets based on only one single raw material. This could 
be a model for creation of new production systems and making a better utilisation of bio-
mass material. Biorefineries could also enable the farmer and agro-industry to increase 
value added in the whole production chain. However, as the production is based on basic 
research and pilot scale production tests and since it has only been submitted to preliminary 
commercial testing it is still too early to conclude about the quality of the end-products and 
the final market possibilities. 
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Appendix 

 
TABLE A1. Gross margin and profit (Basic scenario 1) 

 Price  Production  Coff. inkl. Water Value 
Sales revenue        
Dreid hulls                            880 DKK/tons 1,203 tons 0.95 1266.4            1,114,448 
Refined oil                        4,040  DKK/tons 2,536 tons 1 2535.9          10,244,881 
Emulsifiers                      20,000  DKK/tons 133 tons 0.95 140.5            2,809,819 
Protein isolate (2S)                      23,760  DKK/tons 701 tons 0.95 737.6          17,525,464 
Biocide                   200,000  DKK/tons 45 tons 1 45.4            9,088,502 
Carbohydrates                            680 DKK/tons 1,526 tons 0.5 3051.9            2,075,305 
Protein concentrate                        5,223  DKK/tons 1,260 tons 0.95 1326.0            6,925,915 
Protein isolate (12S)                      23,760  DKK/tons 252 tons 0.95 265.2            6,301,164 
Dietary fibres                            880 DKK/tons 336 tons 0.95 353.6                311,180 
                                         
Total, DKK    7,992 tons  9722.6       56,396,678 

        
Variable costs 1        
Rape seed 1,570 DKK/tons 8,593 tons            13,491,886 

        
Electricity 0.47 DKK/Kwh                   1,270,692 
Energy for steam  1.85 DKK/L                3,305,231 
Enzyme 75.00 DKK/kg                2,997,000 
pH, Chemistry 8.00 DKK/kg                1,975,682 
Water 21.75 DKK/m3                      97,260 
Column/filter material etc. 200 DKK/kg                    222,214 
Total             23,359,965 
Groos margin 1                33,036,713 
        
Variable costs 2        

 Man days  Salary     
Labour 8,5  250,000 year              2,125,000 

 Invest. Cost, percent Period of depreciation    
Maintenance, machinery       46,000,000 3                1,380,000 
Depreciations, machinery       46,000,000  10 year              4,600,000 
Capital costs, machinery       46,000,000 7.84 10 year              1,803,200 
Total                9,90,200 
Gross Margin 2                23,128,513 

        
Fixed costs        

 Invest. Cost, percent Period of depreciation    
Maintenance, buildings                 5,000,000 1,5                      75,000 
Depreciations, buildings                5,000,000  20 year                  250,000 
Capital costs, buildings                5,000,000 7.84 20 year                  196,000 
Insurance, mobile machinery                                - 2,5                                - 
Insurance, stationary machinery             46,000,000 0,6                    276,000 
Insurance, buildings                5,000,000 0,3                      15,000 
Administration                2,125,000 10                    212,500 
Marketing and product develop-             35,50,.556 10                3.980,296 
Miscellaneous       51,000,000 3                1.530,000 
Total                  6.534,796 
Profit (revenue - costs), DKK         16,593,717 
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