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Project objective and report contents: 
The main objective of WP1 is the development of a relatively 
simple, user adaptable calculator for quick estimations of the 
biomass and/or the bioenergy potential in Denmark in the 
present system as well as near future scenarios. The tool is 
developed to meet the following requirements and purposes: 
 

- Provide a tool for quick estimates of biomass and 

bioenergy potential in reference case and user 

adaptable scenarios 

- Provide a teaching structure to illuminate some of the 

main characteristics, possibilities, limitations and 

interactions within the Danish bioenergy sector and 

food production system. The tool could be used in 

teaching from high school level and up. 

- Provide estimates of the potential production of 

Synthetic Natural Gas in Denmark 2020 – reference 

case and a set scenarios. 

- Function as database of key parameters in 

biomass/bioenergy calculations in Danish system 

settings 

The report presents the outlines for the development of the 
calculator, provides instructions for use and gives examples of 
scenario settings and results. 
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FOREWORD 
“Scenario based assessment of domestic biomass potential and technical application for energy production in 

Denmark – now and near future” is Work Package 1 of the ForskNG 10689 project “Detailed analysis of bio-

SNG technologies and other RE-gases” conducted by DGC and DTU KT/CHEC/BGG group for Energinet.dk. This 

work package has been conducted by the Biomass Gasification Group at DTU Risø Campus, part of CHEC at 

DTU Chemical Technology (DTU KT) by Tobias Pape Thomsen and Jesper Ahrenfeldt. The project was initiated 

in June 2011 and the project period is two years.  
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1 INTRODUCTION 
Energy from biomass – bioenergy, accounts for approximately 30% of the present renewable Danish electricity 

production and almost 100% of the renewable Danish production of district heating - according to 

Energistyrelsen’s Energistatistik 2011. The share of bio-energy in the energy sector is thus already significant, 

and it is expected to increase further in the coming years. In addition to traditional biomass based production 

of heat and power, there is also a growing awareness on the potential to produce liquid and gaseous fuels 

from this resource. The extended palette of potential uses is putting a strain on the production and potential 

of domestic biomass resources, and import of especially wood pellets is already significant. 

The increased level of attention on biomass for energy calls for answers to numerous questions like for 

instance: 

- “How significant is the influence of agricultural input on the overall energy balance?” 

- “How would it impact the present use of straw and grain for fodder and bedding if 50.000 ha were re-

planted with energy crops instead of wheat?” 

- “How would the net energy output of the present system change if new wheat species provided 10 % 

more annual biomass but only required 5 % more annual input?” 

- “How would it affect the overall energy balance if focus was directed towards nitrogen-fixating species 

like legumes and alder?” 

- “How much more say bean would we have to import if all domestic biomass was used for energy 

purposes?” 

- “How much ethanol can we produce based on the present straw resource?” 

- “How much synthetic natural gas could be produced in the present system?” 

- “…?” 

Questions like these are relatively simple to answer one by one, but when added up and modified again and 

again with various small or large differences and put in various different contexts it becomes resource 

intensive. This is one of the reasons that the ForskNG 10689 project includes the development of a relatively 

simple, user adaptable calculator for quick estimations of the biomass and/or the bioenergy potential in 

Denmark in the present system and near future scenarios.  

This calculator is developed in the present task 1.1. It is referred to as the Bioenergy Potential Denmark 2020 

Calculator – or the BPD2020. The tool is developed to meet the following requirements and purposes: 

- Provide a tool for quick estimates of biomass and bioenergy potential in reference case and user 

adaptable scenarios 

- Provide a teaching structure to illuminate some of the main characteristics, possibilities, limitations 

and interactions within the Danish bioenergy sector and food production system. The tool could be 

used in teaching from high school level and up. 

- Provide estimates of the potential production of Synthetic Natural Gas in Denmark 2020 – reference 

case and two scenarios. 

- Function as database of key parameters in biomass/bioenergy calculations in Danish system settings 
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2 CONSTRUCTION AND USE OF THE BPD2020 

2.1 DESCRIPTION OF THE BPD2020, CONSTRUCTION AND DEVELOPMENT 

The overall approach for developing the BPD2020 is illustrated in Figure 1 below.  The BPD2020 structure and 

outcome is based on user input combined with a large set of parameter values obtained from literature studies 

and modelling and finally a set of interdependent calculations to provide the possibilities and limitations set 

within the system.  

 

FIGURE 1: OVERALL APPROACH FOR THE DEVELO PMENT OF THE BPD2020 

The complexity level varies throughout the calculations. The alternative would have been to either increase 

total complexity radically or keep the entire set of calculations highly simplified. The compromise was chosen 

to limit the work and still maintain significant educational properties. In this way the end result from the 

calculations is not much different from a more simplified calculation, but there is a lot to learn from the details 

and this is ascribed high importance when the tool is used in educational context. The BPD2020 tool consists of 

two Microsoft Excel files. These are described briefly below and the relation between the two is illustrated in 

Figure 2.  

The data transfer between the two files will work automatically if they are kept in the same folder and the 

biomass calculator has the original name. However, it is also possible to change the names of both files. The 

name of the conversion calculator can be changed freely. To change the name of the biomass calculator do 

one of the following: A) When both files are open and linked save the biomass calculator with a new name and 

then save the conversion calculator afterwards. B) Before opening the calculators, rename the file or files. 

Then open the conversion calculator and repair the broken link by redirecting to the new filename. 

Cells that are not normally used (see Figure 2 to 7) are by default locked and the sheets protected. However, 

no password is used and the cells, sheets and entire workbook can be easily unlocked by the user. 

Bioenergy Potential Denmark 2020_Biomass Calculator.xlsx: In the first part of the calculations it is 

determined how much biomass there will be available for energy production and what energy input is required 

to produce/procure this biomass. The first step of the calculation requires input related to land allocation for 

various agricultural crops and management on primary soils and marginal soils, forest management, waste 

collection. It is also possible to alter the production yield and energy input relative to the reference. The next 

step of the calculation requires input on biomass utilization for fodder, bedding, energy or “other 

purposes/unused”. The last part of the calculations in the biomass calculated requires input on the amount of 

different domestic animals and the collection and use of manure, muck and bedding for energy purposes. All 

biomass that should be accounted for in the final output should be collected for energy purposes in the 

biomass model. It is still possible to choose not to use it later on or to use it for compost. Using it for compost 
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will provide nutritional benefits whereas biomass used for “other purposes/unused” is unaccounted for. The 

output from the Biomass Calculator is a biomass inventory with quantity and various characteristics of the 

different available biomass resources as well as production input estimations and accounting of any nitrogen 

fixated by the crop in the production. 

Bioenergy Potential Denmark 2020_Energy Conversion Calculator.xlsx: In this second part of the calculations 

the biomass inventory data are acquired from the biomass calculator and converted to energy products as 

function of two sets of user input. The first set is selection of “Primary conversion processes” to convert the 

different biomasses in gasifiers, pyrolysis units, fermentation units, combustion units etc. In the second set of 

user input the gases, heat, liquids and solids from the first conversion is refined to high- an low quality fuel 

(liquid/ gaseous/ solid), electricity, district heating and individual heating (point source heat like household 

stoves, industrial process heat etc.). 

 

FIGURE 2: OVERVIEW OF THE BPD2020  CALCULA TOR DIVIDED INTO TWO EXCEL FILES –  THE BIOMASS CALCULATOR AND THE 

ENERGY CONVERSION CALCULATOR,  SHO WING MAIN USER INPUT,  GROUPS OF PARAMETERS AND CALCULATOR OUTPUTS.  
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2.2 REFERENCES IN THE BPD2020 

References for parameters and assumptions are placed in cell comments and marked by a small red triangle in 

the upper right corner of the cell. More detail in the references in the comments can be found in the 

“Reference” tab of the two calculators or at the end of this report. 

References are mostly peer-reviewed papers, reports from technical universities or governmental bodies or 

data-bases. All non-copyrighted references are supplemented by a URL for immediate web access.  

2.3 LHV, HHV AND ALLOCATION PROCEDURES 

The calculations are based on Lower Heating Value (LHV) of the fuel on dry basis (db). And when nothing else is 

indicated this is the platform used. LHV db is combined with moisture content characteristics and Higher 

Heating Value (HHV) parameters to account for water produced and evaporated in high temperature 

processes. The vapour is kept isolated in the calculations and in this way it is possible to use the same simple 

calculation pattern regardless of the process is combustion of dried wood or fermentation of wet manure. The 

construction is at the same time required to avoid errors in the calculations as if all water in the manure was 

assumed evaporated in the anaerobic digestion unit or no water was assumed evaporated in the combustor. 

The drawback of this approach is that the energy used for evaporating the water has to be collected in an 

artificial production stream identified as “Heat of evaporation”. To complete the calculations satisfactory it is 

therefore required that the user allocates if/how the energy in the vapour is utilized in condensing units. 

Final results are provided in LHV, wet and HHV, db to cover the complete range of utilization from minimum 

net benefit to maximum gross benefit. The span between the results indicates the flexibility/range/uncertainty 

in the results from an end-use society perspective. 

Ideally, allocation in the model should always be on energy content level. However, due to the step-by-step 

development of the tool, a significant part of the complete allocation procedures are based on dry matter 

content. The relative difference between the two allocation procedures is assumed quite small in most 

instances, but for biomasses with high compared to low ash content there will be significant difference 

between allocating on energy content and mass basis. This issue is therefore also mentioned in section 5 

Future development. 

2.4 NEO AND EROI INDICATORS AND CALCULATION EXAMPLE 

It has been decided to base the output from the calculations on Net Energy Output and Energy Return on 

Energy Invested alongside an energy product inventory and complete input-output inventory. The reasons for 

including Net Energy Output is self-evident regarding the purpose of the calculator and the present desire to 

increase the share of bioenergy in the Danish energy sector. The EROI indicator on the other hand requires a 

brief explanation. This indicator describes the relative yield from the system related to the input. Where NEO 

is out minus in, EROI is out/in: 

 

 

These indicators are calculated on LHV, wet as well as HHV, db basis. Energy product output will be all high- 

and low quality biofuels – solid, liquid and gaseous as well as electricity and heat (district heating or point 

source heat). Raw biomass is not defined as a biofuel, whereas refined products like lignin pellets and char coal 
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is. Energy product input will be all energy used in biomass production (fuel, fertilizer, machinery production, 

heat, electricity) as well as the own consumption of the conversion technologies and pre-treatment processes 

(calculated as electricity and heat only). Main deviation from this rule is the heat input required for gasification 

reactions. Yield factors from gasification are from an equilibrium model and to simplify the calculations, the 

model was balanced so that all excess heat above 50 
o
C in the process output has been used “internally” to 

heat input streams (feed, air and steam). This will increase EROI slightly compared to strict separation of in- 

and output. 

Why the inclusion of the EROI indicator is deemed important in a system with more and more renewable 

energy is described below: 

The main reason is that even though biomass is a renewable, flow based resource it is also limited and can be 

exploited unsustainable to the point of exhaustion. In addition, the use of biomass for energy often competes 

with other uses in e.g. food, fodder, materials, chemicals, medicine etc. It is evidently not possible to increase 

the production of biomass unlimitedly and even a small increase will often lead to conflicting interests and 

depletion of soil-, water- and nutrient resources. As long as there is no abundance of biomass within the 

system, and the biomass resource and/or land used for energy production could find alternative usage it 

should be considered a key indicator how much energy input is required to provide the output from the 

system. For this reason the EROI of a bio-energy based system is still an important indicator. 

An additional argument for including EROI is that the system will most likely still include conversion and use of 

fossil fuels even in 2020. The composition of the energy mix in the system is in this way important related to 

the renewability and the Green House Gas (GHG) emissions from the system. In a system with a mix of fossil 

and renewable energy in the energy sector a low EROI will indicate a higher GHG emission and lower 

renewability in the energy sector than a high EROI. The importance of EROI will in this specific regard decrease 

with an increasing share of renewables in the energy sector. 

 

2.4.1 EROI AND NEO - CALCULATION DESCRIPTIONS  
In the following is a short description of how the parameters are calculated. As example, the production of 

Synthetic natural gas from entrained flow gasification of wheat straw from 1 million ha is used. All residual gas 

and surplus heat is assumed used in production of district heating. 

EROI and NEO calculations are based on energy product input and energy product output as explained above. 

Energy product output is the sum of SNG produced and district heating produced 

- District heating is produced from combustion of residual gas from the SNG production as well as from 

excess heat from the exothermic methanation process and condensation of water vapour generated 

in the production of the SNG and combustion of the residual gas. Specific conversion efficiencies from 

the secondary conversion matrix are used for all processes. 

- Residual gas is quantified as the energy in the entrained flow process gas that does not end up as 

SNG, excess heat or heat losses. 

- Water vapour energy – or Heat of Evaporation, available through condensation is calculated from 

differences between fuel LHV, wet and HHV db values when entering the various processes. LHV wet 

values are calculated based on LHV db and moisture content. 

- SNG and exothermic heat is produced from methanation of process gas from the entrained flow 

gasification of the wheat straw. The conversion efficiency and heat generation is based on 

calculations of the required shift and methanation reactions using gas characteristics and energy 

content.   
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- Entrained flow gas characteristics and energy content is calculated using cold gas efficiency from a 

balanced gasification model aiming to use all output heat for input pre-heating. Input for the gasifier 

model is wheat straw composition, ash and moisture content, air O2/N2 composition, plant heat loss, 

flow temperatures in and out, equilibrium temperature in the gasification reactor, char content in ash 

and approximate methane content in producer gas. 

- Straw energy content is calculated from mass of straw available for energy production and heating 

value. 

- The quantity of available straw is based on the total amount of straw produced and the share chosen 

for energy purposes. The total amount of straw produced is based on the land allocated for wheat 

production, the yield factor and the yield modifier. 

 

Energy product input is the sum of energy products used in biomass production, pre-treatment and 

conversion, subtracted any benefits from recycling of plant-available nutrients from the energy conversion or 

composting processes or from any nitrogen fixated in biomass production.  

- Energy input in biomass production is based on the type of crop and area of production and allocated 

to the amount of the given biomass resource that is targeted for energy production. Allocation is 

performed in dry matter basis. 

- Energy input in pre-treatment is based on the need to grind (electricity) and dry (heat) the crops or 

residuals before conversion, based on the characteristics of the biomass, the conversion process and 

the choice of air- or steam drying. 

- Energy input in conversion is based on the energy consumption of the conversion plant calculated as 

electricity, heat or a combination of the two. 

- Benefits from recycling plant available ash is based on the amount of N, P and K nutrients present in 

the biomass as well as the tendency of the conversion technology to immobilize, remove or preserve 

these in the conversion process. The nutrients available for next crop cycle uptake are recalculated 

into an energy equivalent of production/procurement and subtracted from the input. When choosing 

to compost biomass all nutrients are considered plant-avaliable. 

- Benefits from N-fixation is based on the type of crop and the potential nitrogen fixating symbiosis 

with bacteria. Any N fixated in the production is recalculated into an energy equivalent of 

production/procurement and subtracted from the input. 

 

The overall NEO and EROI results are calculated for the total process from soil to energy product, and also for 

the intermediate steps – the full potential after biomass production, the full potential after first conversion, 

the full potential after second conversion and the final values when subtracting unfulfilled potentials. The 

results are supplemented by the inclusion of Fodder Import at two different levels. If insufficient animal 

fodder is produced within the system, soy meal is assumed imported to close the gap. In the input calculations 

this is either included based on the energy content in the imported biomass, or as the energy assumed to have 

been used in the production of the biomass. 

The results from the example above with utilization of 85% of the total produced quantity of straw and almost 

100% utilization of waste heat for district heating production are displayed in Table 1. As it is a process 

example and not a system assessment, production of domestic animals is not included. 
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TABLE 1: RESULTS FRO M CALCULATION EXAMPLE : SNG +  DISTRICT HEA TING FROM 85%  OF THE WHEAT STRA W PRO DUCED AT 106
 

HA,  AND CONVERTED IN ENTRAINED FLO W GASIFIER.  

   PJ [LHV, wet] PJ [HHV, db] 

Potential NEO after biomass production step (excl. Fodder import) 47,1 51,1 

Potential NEO after 1st conversion step  (excl. Fodder import) 33,6 44,5 

Potential NEO after 2nd conversion step  (excl. Fodder import) 33,5 36,6 

Final NEO after 2nd conversion step  (excl. Fodder import) 33,5 36,6 

Potential EROI after biomass production step (excl. Fodder import) 9,1 9,3 

Potential EROI after 1st conversion step  (excl. Fodder import) 4,8 5,8 

Potential EROI after 2nd conversion step  (excl. Fodder import) 3,7 3,8 

Final EROI after 2nd conversion step  (excl. Fodder import) 3,7 3,8 

 

2.5 CAUTION, LIMITATIONS AND RISK OF ERRORS WHEN APPLYING THE BPD2020-CALCULATOR 

To avoid production and use of unreasonable and unrealistic results based on the BPD2020 calculator it is 

important to be aware of the main risks related to the tool. These risks are described below in the three 

categories: “Caution of use”, “Limitations of the BPD2020” and “Risk of errors in first version calculators”. 

2.5.1 CAUTION OF USE 
The BPD2020 is no bullet- of fool proof tool, and it requires some bioenergy knowledge, basic bioenergy 

system understanding and/or precaution to use it without producing unreasonable or even unrealistic results. 

In general, the advice is to leave the reference section untouched and compare all new settings and results 

with the reference equivalents. In this regard, keep in mind that the bioenergy system is part of bigger systems 

– the energy system, society, the ecosphere etc. and changes in the bioenergy system are likely to induce 

changes on the surrounding systems as well. Here are some examples of how to acknowledge the surrounding 

systems when making changes in the bioenergy sector: 

- Increasing the land use for biomass production beyond reference values will require the remaining 

society to shrink. This would influence areas available for urban development, nature reserves etc. It 

is not considered feasible to increase the land use beyond the reference values. 

- Focusing on one or few types of biomass within the system will (unless it is natural forest) decrease 

biodiversity and the robustness of the system. Mono-culture systems are more vulnerable towards 

influences from climate, diseases, changes in market demands etc. It is not considered feasible to 

have only one or a few different biomass types within the system. 

- Maximizing the utilization of the land beyond what is sustainable will decrease the yield of the same 

land in the long run. If 100% of the produced biomass is removed every year, then the content of soil 

organic carbon will deplete and in time the soil fertility will decrease as well. This is important when 

considering the degree of total utilization of the different biomass potentials. 

- Producing animals without producing sufficient bedding will make the tool force the animals to live 

outside. The land requirements for this are not included in the model, and therefore there is a chance 

of unrealistically large land-use if a lot of domestic animals are produced without sufficient bedding. 

Insufficient fodder production is managed by increased fodder import. 

- Conversion of biomass in high temperature processes will demobilize the phosphor in the ash, and 

contaminate it with severe production of e.g. poly aromatic hydrocarbons which are considered toxic 

and carcinogenic. The ashes from high temperature processes are therefore not recycled and the 

system will require new P input in every cycle. As P is a non-renewable and non-replaceable resources 

this approach is not considered sustainable on large scale in the long run.   
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2.5.2 LIMITATIONS OF THE BPD2020 
The system described by the BPD2020 includes production and conversion of biomass with most of the directly 

and indirectly related energy input and output from the different processes. However, system boundaries only 

include the production and conversion facilities, not the infrastructure and transport between these (e.g. fuel 

consumption, grid losses, construction and maintenance of infrastructure). In addition, the construction of 

production and conversion infrastructure is only included to a minimal extent. The production of field 

machinery is included in the biomass production, but the development and construction of the conversion 

technology is assumed present or free. Labour use, land use and use of other utilities in the conversion 

processes than fuel, heat and electricity is also not included. Another potentially important issue that is not 

included in the calculations is the losses occurring doing collection, transport and storage of biomass and 

bioenergy products. This is likely to have a severe impact on the overall NEO and EROI values for the system.  

The tool is not designed for advanced soil management and agriculture systems and problems regarding the 

difference between such and the reference should be anticipated. 

Finally, it is in most cases considered over-simplified to characterize a system with only two main indicators – 

NEO and EROI. Ideally, the calculator should include numerous (unlimited) indicators e.g. exergy, emergy, dry 

matter removal rate, GHG emissions, N balance, P balance, inorganic material depletion, water use, land use 

change. Ozone depletion, soil depletion, various pollution indicators, risk assessment, labour use etc. A full LCA 

of the various systems investigated is therefore expected to contribute with additional, interesting results. 

2.5.3 RISK OF ERRORS IN FIRST VERSION BPD2020 CALCULATORS 
The present versions of the BPD2020 are first version, and unfortunately the risk of errors is considered high. 

Errors are likely to occur in all types of formulas as mis-typings or mathematical errors, construction of the 

different calculation routes and in the assumptions. The calculators have been stress tested to a minor extent, 

but the numerous different settings and combinations makes it a resource demanding task. Further 

development, validation and strengthening of the calculators is strongly advised.  

2.6 HOW TO USE THE CALCULATOR 

In the following section, it is described in detail how to use the BPD2020 calculator in the simplest way – to set 

up a new scenario within the existing boundaries of the described system. It is furthermore described briefly 

what to consider when trying to set up a new set of boundaries in the system – i.e. including a new biomass 

resource or conversion technology. This is no simple task in the present version of the tool. This is discussed 

further in the section on further development (section 5).  

2.6.1 HOW TO SET UP A NEW SCENARIO WITHIN EXISTING BOUNDARIES 
In this brief tutorial it is described in detail how to set up new scenarios within the existing system boundaries 

and also how it is possible to change the settings of the reference. This is thought as the primary use of the 

tool and does not require any preliminary work before starting. 

It is advised to note down and keep track of changes and to save the new work files immediately with a new 

file names. To avoid unreasonable settings and results it is important to be observant of any changes made 

and use common sense to judge them. In this regard it is key to keep in mind that the bioenergy system is part 

of a bigger energy system which is again part of society. Considerations on e.g. use of land or fodder crops for 

energy production would influence the surrounding systems and potentially render the scenario unreliable. 

The general approach and setup of the tool is that two sets of identical calculations run in parallel – the 

reference and the scenario. The virgin version of the program has the same settings in reference and scenario 
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and provides the same results from the two sessions.  When changing parameters in user input fields, the 

calculations and results will start to differ between the two sessions. User input fields are marked as follows: 

User input parameter. Reference versions of the equivalent parameters are marked as follows: Reference 

input parameter. User input are possible in the following parts of the tool: 

- In the biomass calculator under tab 1), 2) and 3) 

- In the bioenergy conversion calculator under tab 4) and 5) 

In user input tabs 1), 2) and 3) the reference settings are placed to the far left top of the spread sheet and the 

scenario settings are placed to the right of these. In user input tab 4) and 5) the scenario data is placed to the 

far left top of the spread sheet and the reference data is placed underneath these. Overview examples 

showing these layouts are provided in the following walkthrough: 

1) Start the process by opening the xlsx-file Bioenergy Potential Denmark 2020_Biomass Calculator.xlsx 

2) Open the tab “1) Production settings”. Change none/some/all of the user input parameters and/or 

the reference input parameters as described above. An overview of user input tab 1) is provided in 

Figure 3.  

 

FIGURE 3: OVERVIEW OF B IOMASS CALCULATOR USER INPUT TAB “1)  PRODUCTION SETTINGS”. 

3) Proceed to user input tab 2 – “2) Biomass utilization”. Change none/some/all of the user input 

parameters and/or the reference input parameters. An overview of user input tab 2) is provided in 

Figure 4. 
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FIGURE 4: OVERVIEW OF B IOMASS CALCULATOR USER INPUT TAB “2)  BIOMASS UTILIZATION”. 

4) Proceed to user input tab 3 – “3) Domestic animals”. Change none/some/all of the user input 

parameters and/or the reference input parameters. An overview of user input tab 3) is provided in 

Figure 5. 

 

FIGURE 5: OVERVIEW OF BIOMASS CALCULA TOR USER INPUT TAB “3)  DOMESTIC ANIMALS”.  

5) Verify your settings and results from the biomass potential calculation by opening the two tabs 

“Biomass Inventory (output)” and “Charts (output)”. In the Biomass inventory, the reference 

inventory is placed in the top of the sheet while the scenario inventory is placed underneath. 

6) Now open the Bioenergy Potential Denmark 2020_Energy Conversion Calculator.xlsx. and go to the 

tab “4) Primary conversion”. In this tab, the primary conversion technologies are chosen. These 

technologies convert the biomass inventory and 1
st

 conversion residuals into crude energy products – 

e.g. conversion of wood to process gas from gasification, combustion of straw to high temperature 

heat or composting of residual char from the slow pyrolysis process. Quantities are type-in while 

biomasses and technologies are chosen in drop-down menus. An overview of the 4
th

 user input tab is 

provided in Figure 6 below.  
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FIGURE 6: OVERVIEW OF B IOMASS CALCULATOR USER INPUT TAB “4)  PRIMARY CONVERSION”. 

7) Proceed to the user input tab “5) Secondary conversion”. An overview is provided in Figure 7.  

 

FIGURE 7: OVERVIEW OF B IOMASS CALCULATOR USER INPUT TAB “5)  SECONDA RY CONVERSION”. 

In this tab, a set of conversion technologies for converting the crude energy products to end-use 

products are defined. This could be e.g. conversion of gas from the two-stage downdraft gasifier to 

electricity and heat in a gas engine CHP plant, or upgrading biogas to synthetic natural gas. The layout 

of user input tab 5 resembles that of user input tab 4 to a large extent.  
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8) Verify your settings and results from the energy conversion calculation by opening the two tabs 

“Output Inventory” and “Output charts”. In the Output inventory, the reference inventory is placed in 

the left side of the sheet while the scenario inventory is placed to the right. 

This completes the walk-through of how to use the BPD2020 calculator in the present form. 

2.6.2 HOW TO SET UP NEW BOUNDARIES - I.E. NEW BIOMASS, CONVERSION TECHNOLOGY ETC. 
As mentioned, the current version of the BPD2020 calculator is not optimized for use outside the original 

system boundaries. It is therefore no simple task to enter a new biomass option or conversion technology. 

However, if it is attempted, it is advised to start with implementation of a dummy biomass or technology with 

very simple and distinct characteristics. In this way it will be easier to track the calculations and learn where in 

the two calculators to make the necessary changes. Here is some basic information about the setup which is 

important to consider when initiating the process of including new biomass in the Scenario section: 

- Main biomass characteristics are defined in the biomass calculator in the “Parameter”. The 

characteristics should be enclosed in the Excel Names “Highsoil”, “Lowsoil”, “Forest” or 

“Marine_and_misc” depending on type. 

- Make sure to expand the calculation structure in the tabs “Calc 2) Biomass for energy SCE” and “Calc 

3) Biomass prod.” 

- Include the biomass in the two first user input tabs “1) Production settings” and “2) Biomass 

utilization” 

- Include accounting of bedding or fodder production from the biomass in the 3rd user input tab “3) 

Domestic animals if relevant. 

- Make sure the biomass is included in the two output tabs “Biomass Inventory (output)” and “Charts 

(output)” in the biomass calculator as well as in “Biomass Inventory” tab of the energy conversion 

calculator and expand the definition of the Excel name “Biomass_sce” to include the new type. 

- Include the new biomass in the top category and platform definition for first conversion technologies 

in the energy conversion calculator tab “Parameters & calculations (pri)”. Define new names for the 

biomass in different conversion categories and platforms (hint: zoom out until the other name 

definitions of the tab are shown to see what to include/define). 

- Include characteristics in the areas of the “Parameters & calculations (pri)” tab defined by the 

following names “Conversion1characteristics”, “Pretreatment1_drying_sce”, 

“Pretreatment2_grinding_sce”, Pretreatment3_misc_sce”,”Product1conversion_sce”, 

”Product2conversion_sce”, ”Product3conversion_sce”, ”Product4conversion_sce”, 

“Ash_conversion_avaliable_sce”, “Ash_conversion_non_avaliable_sce”, 

“Plant_avaliable_N_in_ash_sce”, “Plant_avaliable_P_in_ash_sce”, and 

“Plant_avaliable_K_in_ash_sce”. 

Here is some basic information about the setup which is important to consider when initiating the process of 

including new primary conversion technology. All changes are performed in the Energy Conversion Calculator. 

Due to limitations in the present version it will give the best result to include the technology in the Reference 

section and Scenario section at the same time: 

- Integrate the technology category and platform in the tab “Parameters & calculations (pri)” top 

section and define new Excel names is required. Make sure the appropriate lists are expanded so that 

the technology is available from the drop-down menus in the user input tab “4) Primary conversion” 

- Include technology characteristics in the area covered by the excel name “Conversion_parameters2” 

in the “Parameters & calculations (pri)” tab. 

- In the same tab, include characteristics of the technology products and residuals in the areas covered 

by excel names “Residuals” and “Conversion1_productcharacteristics”. 
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- Include conversion characteristics in the areas of the “Parameters & calculations (pri)” tab defined by 

the following names: SCENARIO) “Pretreatment1_drying_sce”, “Pretreatment2_grinding_sce”, 

Pretreatment3_misc_sce”,”Product1conversion_sce”, ”Product2conversion_sce”, 

”Product3conversion_sce”, ”Product4conversion_sce”, “Ash_conversion_avaliable_sce”, 

“Ash_conversion_non_avaliable_sce”, “Plant_avaliable_N_in_ash_sce”, 

“Plant_avaliable_P_in_ash_sce”, and “Plant_avaliable_K_in_ash_sce”. REFERENCE) 

“Pretreatment1_drying_ref”, “Pretreatment2_grinding_ref”, 

Pretreatment3_misc_ref”,”Product1conversion”, ”Product2conversion”, ”Product3conversion”, 

”Product4conversion”, “Ash_conversion_avaliable”, “Ash_conversion_non_avaliable”, 

“Plant_avaliable_N_in_ash_ref”, “Plant_avaliable_P_in_ash_ref”, and 

“Plant_avaliable_K_in_ash_ref”. 

- If the technology produce crude energy products outside the presently available categories, make 

sure to implement the new products in the top section of the tab “Parameters & calculations (sec)” 

categories as well as in the areas covered by the excel names “Conversion_to_product_1_sec”, 

“Conversion_to_product_2_sec”, “Conversion_to_product_3_sec” and 

“Conversion_to_product_4_sec”. 

- Update the two output tabs “Output Inventory” and “Output charts” with new references and 

calculations and update old calculations to include new technology products, ash compounds etc. 

Here is some basic information about the setup which is important to consider when initiating the process of 

including new secondary conversion technology. All changes are performed in the Energy Conversion 

Calculator. Do to limitations in the present version it is only possible to include the technology in the Reference 

section and Scenario section at the same time: 

- Integrate the technology category and platform in the tab “Parameters & calculations (sce)” top 

section and define new Excel names is required. Make sure the appropriate lists are expanded so that 

the technology is available from the drop-down menus in the user input tab “5) Secondary 

conversion” 

- Include technology characteristics in the area covered by the excel name 

“Conversion_parameters_sec” in the “Parameters & calculations (sec)” tab. 

- In the same tab, include characteristics of the technology products and residuals in the areas covered 

by excel name ”Conversion2_productcharacteristics”. 

- Make sure to implement the new technology in the areas covered by the excel names 

“Conversion_to_product_1_sec”, “Conversion_to_product_2_sec”, “Conversion_to_product_3_sec” 

and “Conversion_to_product_4_sec”. 

- Update the two output tabs “Output Inventory” and “Output charts” with new references and 

calculations and update old calculations to include new technology products etc. 

There are other, smaller, parts of the calculators that will need adapting as well when implementing new 

biomasses and conversion technologies. The amount of additional alterations will depend on the specific type 

of biomass or technology. 
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3 MODEL CONSISTENCY AND QUALITY ASSESSMENT 
The BPD2020 calculators are developed to deliver quick and relatively simple estimations of domestic biomass 

and bioenergy potential in the Danish energy sector in 2020. The construction of the simple calculations is 

based on a long list of parameters – empirical and model based, as well as an extensive set of more or less 

significant assumptions. Based on these characteristics, the results from the BPD2020 calculators should be 

used with caution. The reasons for this are described in more detail below. 

3.1 MAIN ASSUMPTIONS 

To make quick and simple calculations and estimations within a complicated subsystem as the bioenergy 

sector, requires a set of significant assumptions. Some examples of assumptions included for the development 

of the BPD2020 calculators are provided here: 

- One crop per ha per season.  

- No losses of biomass, residuals and energy products in collection, transport and storage. 

- All biomass, residuals and energy products of the same type is assumed to have similar, average 

characteristics of the given species or aggregated category. 

- The share of organic farming is the same in the scenario as in the reference. This is due to the fact 

that it is not possible to select which crops are grown organically and which are grown in conventional 

systems. 

- The produced biomass is all grown on an average mix of Denmark soil – sandy, loamy and clay soils. 

- Production input and N fixation is allocated to the biomass used for energy based on dry matter 

content. 

- The energy input in production of manure, muck and bedding is also based on a dry matter allocation 

between all output from the animal production (manure, muck, bedding, meat, animalistic products). 

- The aggregation of distinct biomasses from the biomass calculation to biomass categories to be used 

on the primary conversion in the energy conversion calculations. 

- The aggregation of distinct crude energy products from the primary conversion to product categories 

to be used on the conversion in the energy conversion calculations. 

- Several values are assumed similar for comparable conversion technologies or for various biomasses 

within the same conversion technology 

- Drying of biomass is always assumed to occur before grinding. 

- The energy required for mechanical dewatering of wet resources is assumed free. It is assumed 

possible to achieve 30 wt% dry matter in the mechanical dewatering. 

- In general temperature differences are not accounted for and e.g. vaporization of water is based only 

on the enthalpy at the boiling point. 

- Input in waste production/collection: Garden waste (grass): input is assumed to be the same as for 

kitchen waste. Garden waste (wood): input is assumed to be the same as for organic municipal waste. 

- For municipal waste and kitchen waste: Input is supposed to be 2*transportation costs w. 50 km 

average. 

- Energy density: MSW around 10.5 MJ/kg and kitchen waste 4.2 MJ/kg. Energy consumption = 7 

MJ/tonkm in diesel truck >> 0,17 GJ/GJ kitchen waste and 0,07 GJ/GJ MSW. 

- Heating values can be recalculated freely between LHV db, LHV ar, HHV db and HHV wet based on the 

following set of formula (from ECN, at http://www.ecn.nl/phyllis/defs.asp):  

HHVar = HHVdry ·(1-w/100) 

HHVdry = HHVdaf ·(1-ash/100) 

LHVdry = HHVdry - 2.442·8.936 H/100 

LHVar = LHVdry ·(1-w/100) -2.442·w/100 

http://www.ecn.nl/phyllis/defs.asp
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LHVar = HHVar -2.442·{8.936 H/100 (1-w/100) + w/100} 

Where C, H, ash etc. are the mass and the ash fractions in wt% of dry material and HHV the heating 

value in MJ/kg. Db is dry base, ar is as received (wet). 

- All mineral and ash products assumed to end up in solid residuals (no losses with e.g. liquid fractions 

or drying). Biogas -> biogas slurry. Pyrolysis -> char. Ethanol 1
st

 -> DDGS/pulp on dry weight basis. 

Ethanol 2nd -> Lignin pellets. Rape seed oil -> rape seed cake. The ash content in dry pulp and dry 

DDGS is similar. 

- There are assumed to be no variations in end-product characteristics from 1
st

 and 2
nd

 conversion. In 

this way global conversion factors (matrix) can be used for the 2nd conversion. This means that the 

difference in e.g. heating value between hardwood and softwood lignin residues is neglected. 

- The content of Volatile Solids (VS) is assumed to be comparable to dry, ash-free matter subtracted 

lignin content. 

- Process water use is assumed free 

- Severe assumptions made regarding which conversion technologies can handle which feed stocks 

- In pyrolysis all water is assumed to be in oil fraction and all energy for vaporization taken from all 

fractions with share of input varying with the fraction of total energy present in the specific product. 

- Pyrolysis products from slow and fast pyrolysis assumed to have comparable characteristics 

- Grinding energy requirements are calculated based on data from unpublished grinding experiments. 

The requirements are determined by the required reduction in average particle diameter in % of 

original size. The feedstock is divided into 3 groups – ´tough, intermediate and soft, and the energy 

used to grind the particles is assumed comparable to that of grinding dry wood (tough), mildly 

torrefied wood (intermediate) and char (soft). This approach could easily be strengthened by 

conducting grinding experiments on more representative groups including e.g. grain and straw. The 

applied correlations between energy use and size reduction are as follows: 

Tough: Y=0.20·X 

Intermediate: Y=0.05·X 

Soft: Y=0.03·X 

Y is in kJ electricity used in mill per MJ feed processed and X is reduction in average particle diameter 

in % of original size. 

- Glycerol from biodiesel production assumed usable for combustion only. The methanol present in the 

crude glycerol is assumed used in the biodiesel production. 

- When implementing steam drying it is assumed that sufficient heat is available and that district 

heating can be produced by facility or nearby facility 

- Main differences between gasifier are assumed to be: Equilibrium temperature, Feedstock 

applicability, Pre-treatment requirements, Utility use (O2, steam etc.). 

- All gasifiers are assumed to have 1% heat loss 

- Excess heat energy in gasification process output is used for heating inputs without contributing to 

total system energy input requirements. 

- Perfect tar cracking and no sooth formation assumed in gasification 

- Nutrient content in fodder is not included in the recycled nutrients as it is unknown how much ends 

up in humans, in waste, in manure or in fields. Only the fraction in the manure is included. 

- Unused biomass and residuals not composted are not assumed to benefit the system and the 

energetic value of the nutrients is not credited. 

- All vapour assumed condensed in the production of “low temperature heat” 

- … 

3.2 ASSESSMENT OF PARAMETER SENSITIVITY AND DATA QUALITY 
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Parameter sensitivity and data quality issues are some of the main reasons the results from the BPD2020 

calculators should be used with caution. More than 250 parameters from more than 150 different sources 

have been used in the development. Many of the parameters are from non- or semi-validated data bases and 

non-peer reviewed resources (mainly reports). Additional parameters are derived from use of generalized 

models for pyrolysis and gasification. Some of the parameters have proved to be very sensitive for the overall 

NEO and EROI results of the reference calculations. These include the yield parameters, the heating value of 

straw, the various conversion efficiencies in combustion technologies very sensitive parameters. Additionally, 

the biomass production input parameters have a significant influence on the EROI results. Many of the most 

sensitive parameters have been validated, strengthened or replaced during continuous sensitivity analysis to 

improve the quality of the results from the calculations. However, the combination of sensitive parameters 

and severe assumptions calls for caution in the use of the model results. 

3.2.1 MODEL CONSISTENCY 
The technical, geographical and temporal consistency of the data-set is considered sub-optimal. The collection 

of parameters spans many locations beyond the system borders as well as a period well beyond the reference 

period of one year. Main production input and output data is collected from within the system, but a 

significant amount of detailed characteristics exceeds the geographical boundaries. The temporal consistency 

of the reference scenario is slightly compromised as the data set is composed of data from a period from 2007 

to 2011 instead of from a single reference year. The technical data set is based on governmental assessments 

from within the system, but supplemented with model data and data from small scale test facilities from 

around the world. Despite the difficulties in finding optimal data, the overall consistency of the model data is 

considered adequate for its use and purpose. 

3.2.2 OVERALL QUALITY ASSESSMENT 
It has not been possible within the time frame of the project resources to conduct a detailed quality 

assessment study of the overall BPD2020 calculations in different settings. Only the results from the reference 

calculations have been verified by comparing to the data for the 2011 reference collected by the Danish 

Energy Authority in the 2011 Energy Statistics. The results from the BPD2020 reference are in very good 

agreement with the accountings from this source. Results from the BPD2020 calculations is 5-10% higher than 

the accountings by the Energy Authority which is assumed to be based on the general application of best 

available technologies in the BPD2020. 

There are several issues in the data collection and the model construction that could benefit from a deeper 

analysis, validation/stress test and strengthening. One such issue is the determination of the wood resource in 

the reference and the productivity and use of wood from forest and other sources. There is a significant gap 

between what is considered the statistical, sustainable wood resource as accounted by the Danish Statistical 

Bureau and others and used in e.g. the report by Nord-Larsen & Suadicani (2010) “Træbrændselsressourcer fra 

danske skove over ½ ha – opgørelse og prognose 2010” on one side, and the accounted use of domestically 

produced wood for energy purses by the Danish Energy Authority in the Energy statistics 2011 (Energistyrelsen 

(2012) Energistatistik 2011). The accounted use is a factor 2-3 larger than the produced amount. The huge 

difference is briefly mentioned by Nord-Larsen & Suadicani but without providing any possible reasons or 

explanations. To accommodate this issue in the parameter collection, it was decided to use the statistical yield 

factor, modified with an increase to match the data from the Energy Authority. In this way, the user can 

choose to do one or the other and data will be ready at hand.  

Several other difficulties have arisen throughout the development process, which is inevitable when trying to 

capture important aspects of a complex system in a simplified manner. As there haven’t been the available 

resources to eliminate the uncertainty and error from all these issues, some of them would be expected to 

influence the overall quality of the tool. 
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4 MAIN RESULTS – REFERENCE AND TWO SCENARIOS 
In this section the BPD2020 calculators are used to present the bioenergy potential and system characteristics 

in the default reference as well as two scenarios with increased bioenergy potential. As mentioned previously 

the reference setup is based on production/use/yield statistics from the Danish Statistical Agency as well as 

the energy statistics from the Danish Energy Authority1. 

4.1 SCENARIOS BASED ON STUDY “10 MIO. TON EKSTRA” 

The first scenario is designed based on some of the proposals by the research team (Gylling et al.) at 

Copenhagen University who conducted the ”10 mio. Ton extra” study in 20122.  There is a 10% disagreement 

between the general dry matter assessment of the ”10 mio. Ton extra” present day accounting and the 

BPD2020 reference setup if organic waste is subtracted and wood resource yield is reduced to match mass 

yield statistics instead of the Energy Autority’s Energy statistics. Yield differences are found for all crops and 

could resemble the difference between statistical yields and best average production yields. The scenario is 

based freely on the settings of the “Biomass optimized” and “Environmental” findings of Gylling et al. and 

includes the following changes compared to the reference in the “Biomass optimized” case (see Appendix A for 

details): 

- +15% yield in straw production 

- +15% yield in straw collection 

- Sugar beet instead of rape 

- Sugar beet instead of corn (149000 ha) 

- +1900 ha forest per year (8 years, 80% coniferous) 

- Increased mobilization of forest biomass (cutting yield set at EA level, factor 2,3) 

For the environmental case the settings are as follows (see Appendix B for details): 

- +15% yield in straw production 

- +15% yield in straw collection 

- Miscanthus/willow instead of rape and instead of corn (149000 ha) 

- +4500 ha forest per year (8 years, 80% coniferous) 

- 47000 ha existing deciduous forest untouched 

- No increased mobilization of forest biomass (cutting yield set at reduced level, factor 1,5) 

In addition, the use of organic waste for energy purposes is set at max level in the optimization case and at 

reduced level w. composting in the environmental case. CHP conversion technology selection is extended 

following the pattern of CHP and DH usage in reference case settings. The grasses, half of the sugar beets and 

all the residues are converted into biogas. The rest of the sugar beets are converted into 1st generation 

ethanol. Half of the biogas is converted in gas engines and the rest is used for production of SNG.  

Results from the reference and scenarios are provided below. Settings are provided in Appendix A and 

Appendix B. 

                                                             

1
 Energistyrelsen (2012) Energistatistik 2011. From http://www.ens.dk/da-

DK/Info/TalOgKort/Statistik_og_noegletal/Aarsstatistik/Documents/Energistatistik%202011.pdf 
2
 Morten Gylling, Uffe Jørgensen og Niclas Scott Bentsen (2012): + 10 mio. tons planen – muligheder for en øget dansk produktion af 

bæredygtig biomasse til bioraffinaderier, Frederiksberg, 2012. From http://www.foi.life.ku.dk/Publikationer/specielle_FOI-
udgivelser/~/media/Foi/docs/Publikationer/Rapporter/Ti_mio_plan_net1.ashx 

http://www.ens.dk/da-DK/Info/TalOgKort/Statistik_og_noegletal/Aarsstatistik/Documents/Energistatistik%202011.pdf
http://www.ens.dk/da-DK/Info/TalOgKort/Statistik_og_noegletal/Aarsstatistik/Documents/Energistatistik%202011.pdf
http://www.foi.life.ku.dk/Publikationer/specielle_FOI-udgivelser/~/media/Foi/docs/Publikationer/Rapporter/Ti_mio_plan_net1.ashx
http://www.foi.life.ku.dk/Publikationer/specielle_FOI-udgivelser/~/media/Foi/docs/Publikationer/Rapporter/Ti_mio_plan_net1.ashx
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FIGURE 8: NET ENERGY OUTPUT RESULTS FRO M REFERENCE CALCULATIONS AND TWO SCENA RIOS DEVELOPED WITH INSPIRA TION 

FROM THE “10 MIO TON EKSTRA”  BY GYLLING ET AL. FROM 2012. 

 

FIGURE 9: ENERGY RETURN ON ENERGY INVESTED RESULTS FRO M REFERENCE CALCULA TIONS AND TWO SCENARIOS DEVELOPED 

WITH INSPIRATION FROM THE “10 MIO TON EKSTRA”  BY GYLLING ET AL. FROM 2012. 

 

FIGURE 10: ENERGY PRODUCT YIELD AND SYSTEM INPUT RESULTS FRO M REFERENCE CALCULATIONS AND TWO SCENARIOS 

DEVELOPED WITH INSPI RATION FROM THE “10 MIO TON EKSTRA”  BY GYLLING ET AL. FROM 2012. 

From the results it is evident that the scenario settings lead to a significantly increased bioenergy potential. 

From 75 PJ Net Energy Output in the reference to 115 PJ in the biomass optimized scenario and 100 PJ in the 
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environmental scenario. The potential could be even higher as the final NEO is significantly reduced by a 

relatively large and energy requiring production of high quality biofuels – bio-SNG and bio-ethanol, in the two 

scenarios. 

When combining the results inFigure 8 and Figure 9 it is clear that maximizing the bioenergy production in this 

way requires a relatively larger input per output. From yield return rations of 5.5 in the reference (excl. fodder 

import) to 4.2 in the environmental scenario to 3.6 in the biomass optimization scenario. One of the reasons 

for the low EROI is once again the production of high quality biofuels. There are a few important aspects to be 

aware of in regard to this assessment: 

- For a calculation without transport energy costs, it is considered risky to include many crops and 

resources with low LHV wet characteristics. Sugar beet root and top is approximately 80-85% water 

and requires significant transport of many de-central conversion facilities.  

- For both of the two scenarios, the production of human nutrition is reduced without compensation. 

This is also considered risky as it makes it difficult to estimate the full potential benefit/drawback of 

the system. 

- The overall dry matter yields from the BPD2020 calculators is optimistic when compared to the 

detailed assessment of Gylling et al. as already mentioned in the beginning of this section.  

- Fodder import is not included in the main results. 

4.2 SNG POTENTIAL SCENARIOS 

In the following it is attempted to use the BPD2020 calculators to estimate a maximum feasible high quality 

gaseous biofuel potential in the shape of Synthetic Natural Gas made from biomass and waste resources. For a 

reasonable comparison with the reference, the following guidelines are kept: 

- Total area of allocated land is kept constant 

- Total production of human nutrition is kept constant. When adjusting the amount of animals, 

compensation is given in vegetable food production on a 1-to-1 vegetable dry matter to animal total 

product. 

- No more than 85% of total production of a given biomass is utilized (to account for sub-surface 

biomass and losses in harvesting, collection, transport and storage). 

- Production of electricity, district heating and point heat kept constant as minimum 

- Fodder import kept constant 

- Bedding material quantity per animal unit kept constant 

A series of 3 different scenarios have been developed to get an idea about the influence of various settings. 

The scenario headlines are: 

- BAU maxed: Same crop composition as reference, but increased collection of waste and residuals and 

increased use of manure, muck and bedding for biogas production. See Appendix C for details. 

- High input: Same animal production as reference, but focus on high input-high output crops like 

willow and sugar beet. Natural forest area reduced to free land for energy forest. See Appendix E for 

details. 

- Low input: Use of kitchen waste as animal fodder, focus on low input crops, n-fixation and nutrient 

recycling. Reduced animal production and increased forest area. See Appendix D for details. 

Results from the comparative assessment are provided below: 
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FIGURE 11: NEO  RESULTS FRO M REFERENCE AND 3 SNG SCENARIOS 

 

FIGURE 12: EROI RESULTS FROM REFEREN CE AND 3 SNG SCENARIOS  

 

FIGURE 13: ENERGY PRODUCT INVENTORY RESULTS FROM REF ERENCE AND 3 SNG SCENARIOS  

From the results of the SNG scenarios, it is estimated that a production of 75-125 PJ SNG [HHV] could be 

produced from the domestic biomass and organic waste resource without compromising the present 

production of electricity and heat, human nutrition or fodder and feed for the produced domestic animals. The 

total Net Energy Output from the three scenarios was found to be 125 to 170 PJ if fodder import is not taken 

into account as negative input. The required energy input is estimated to be around 27-37 PJ [HHV] more on 
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top of the 16 PJ used in the reference. The Energy Return on Energy Invested was estimated to be 3.6-4.4. As 

mentioned previously, the calculations are influenced be significant simplifications and a deeper analysis 

including additional aspects of the energy system like transport energy, grid losses and losses in the logistic 

system would be interesting. 

For both indicators, the Low Input scenario scores the highest of the three scenarios. The BAU maxed scenario 

yields the smallest NEO and the same EROI as the High Input scenario.  

The Low Input scenario is influenced by the significant assumption that 1 kg vegetable dry matter can 

substitute 1 kg (wet) animal product in the human nutrition. This could be an over- as well as an 

underestimation and it is found to be sensitive as well as uncertain. In addition, the feasibility of reducing meat 

consumption in a culture like the Danish is highly questionable. However, the reduction could also be in animal 

product export and regardless of sensitivity, uncertainty and feasibility working with the BPD2020 calculators 

have shown a significant potential for increase in the domestically based bioenergy production if meat 

production is reduced. The main influence on system indicators of a low input production is best seen in the 

EROI of the system after biomass production and collection. At this point the EROI of the low input scenario is 

28 which is more than twice that of the other scenarios (around 12) and significantly higher than the reference 

as well (16). Differences in EROI level out as soon as the biomass is converted in the primary and even more in 

the secondary step. 

The High Input scenario is influenced by the assumption that existing forest is cleared to grown energy crops – 

willow and miscanthus. This is technically viable but not politically and ethically feasible in a political scene like 

the present Danish where the ambition is to increase forest area annually. 

The NEO and EROI results vary significantly between the scenarios. Across all 5 scenarios (the two “+10 mio 

ton” scenarios and the three “SNG” scenarios) the total span in the results is as follows: 

- It is estimated that 100-150 PJ (electricity, usable heat and high quality fuels [HHV]) can be produced 

annually from domestic crop-, residue- and organic waste resources in the scenario settings. In 

comparison, the reference production and use of bio-energy in the present Danish bio- and waste 

energy system is around 75 PJ per year from domestic resources. These value are Net Energy Output 

per year, not including the import of fodder. Is the energy required to produce the fodder included, 

then the NEO in the scenarios range from 85-145 PJ/year while the reference value is around 65 

PJ/year. Note that the yield and conversion factors are highly sensitive and very simplified and that 

losses in the logistic system are not included (collection, storage, distribution etc.) 

- The required energy input to yield these 100-150 PJ Net of usable energy products would be around 

30-55 PJ with the limitations and simplifications of the BPD2020 calculators. In the reference system 

around 16 PJ is used to provide the 75 PJ annually used. Fodder inclusion requires an additional 12 PJ 

of energy input in all scenarios. Note that many inputs are not included e.g. transportation and 

infrastructure requirements. 

- This would yield net Energy return ratios in the bioenergy sector of 3.3 to 4.4 when disregarding the 

import of animal fodder. The reference EROI is 5.5. If including the energy required to produce the 

fraction of fodder allocated to the bioenergy system, the EROI of the scenarios would range from 3.0 

to 3.6 compared to a reference value of 3.3. 
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5 FUTURE DEVELOPMENT 
During the development of the BPD2020 calculators, a wish-list for future potential improvements and 

upgrades has been produced. If improved versions of the tool are developed, it could thus be considered to 

include some of the following: 

- Violation warning system that collects a series of comments for the user based on the level of 

violations in the input settings – Sustainability issues, Political Feasibility, Ethical Feasibility, Technical 

Feasibility, violations on the Laws of Physics. 

- Alternative software and programming language. Excel is presently used as it is widely accessible and 

user changes are relatively simple to implement. However, to find and eliminate errors and mistakes, 

and to integrate better and more dynamic submodels, Matlab or something similar could be 

considered. 

- Include advanced models of conversion technologies from e.g. EES or DNA to strengthen 

results via a more dynamic and accurate tool. 

- Improved user interface – Easier use within system boundaries, better parameter overview and 

simple implementation of new biomasses and conversion technologies.  

- Develop a welcome screen with instructions instead of this report. 

- Expand the set of applicable biomasses 

- Expand the set of applicable conversion technologies  

- Include scale 

- Include Organic farming 

- Include soil type differences in input and output 

- Include losses in collection, transport and storage 

- Include grid losses should be included to differentiate e.g. DH and individual heating 

- Include transportation energy requirements 

- Integrate model output with STREAM Excel model developed by DTU Management 

- Strengthen parameters by improving the consistency of the data 

- Strengthen model by validating/replacing assumed parameters 

- Validate the model in different scenarios 

- Change all allocation procedures to be based on energy content 

- Include human food and nutrition (production and import/export) in the balance 

- Include meat waste and dead animal energy potential (biodiesel, biogas etc.) 

- Include waste water sludge 

- Include more indicators e.g. exergy, emergy, dry matter removal rate, GHG emissions, N balance, P 

balance, inorganic material depletion, water use, land use change. Ozone depletion, soil depletion, 

various pollution indicators, risk assessment, labour use etc. 

- … 
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https://www.landbrugsinfo.dk/Oekologi/biogas/Sider/Produktion%20af%20biogas.pdf?download=true
https://www.landbrugsinfo.dk/Oekologi/biogas/Sider/Produktion%20af%20biogas.pdf?download=true
http://www.task39.org/LinkClick.aspx?fileticket=xgo3q0xDdho%3D&tabid=4426&language=en-US
http://www.task39.org/LinkClick.aspx?fileticket=xgo3q0xDdho%3D&tabid=4426&language=en-US
http://www.foi.life.ku.dk/publikationer/specielle_foi-udgivelser/~/media/Foi/docs/Publikationer/Rapporter/Eksterne%20rapporter/ti_mio_tons_plan/BPL4.ashx
http://www.foi.life.ku.dk/publikationer/specielle_foi-udgivelser/~/media/Foi/docs/Publikationer/Rapporter/Eksterne%20rapporter/ti_mio_tons_plan/BPL4.ashx
http://www.foi.life.ku.dk/publikationer/specielle_foi-udgivelser/~/media/Foi/docs/Publikationer/Rapporter/Eksterne%20rapporter/ti_mio_tons_plan/BPL4.ashx
http://www.google.dk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CDgQFjAA&url=http%3A%2F%2Fwww.teknologisk.dk%2F_root%2Fmedia%2F50991_Energy%2520production%2520from%2520marin%2520biomass%2520%28Ulva%2520lactuca%29.pdf&ei=6Jg4UX-IjrQG6NCAqAc&usg=AFQjCNEnl2WqjwOW2qKHyltaPkHOUCnESg&sig2=8xLH-snLV9WfZr5xafHW3Q
http://www.google.dk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CDgQFjAA&url=http%3A%2F%2Fwww.teknologisk.dk%2F_root%2Fmedia%2F50991_Energy%2520production%2520from%2520marin%2520biomass%2520%28Ulva%2520lactuca%29.pdf&ei=6Jg4UX-IjrQG6NCAqAc&usg=AFQjCNEnl2WqjwOW2qKHyltaPkHOUCnESg&sig2=8xLH-snLV9WfZr5xafHW3Q
http://www.google.dk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CDgQFjAA&url=http%3A%2F%2Fwww.teknologisk.dk%2F_root%2Fmedia%2F50991_Energy%2520production%2520from%2520marin%2520biomass%2520%28Ulva%2520lactuca%29.pdf&ei=6Jg4UX-IjrQG6NCAqAc&usg=AFQjCNEnl2WqjwOW2qKHyltaPkHOUCnESg&sig2=8xLH-snLV9WfZr5xafHW3Q
http://www.google.dk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CDgQFjAA&url=http%3A%2F%2Fwww.teknologisk.dk%2F_root%2Fmedia%2F50991_Energy%2520production%2520from%2520marin%2520biomass%2520%28Ulva%2520lactuca%29.pdf&ei=6Jg4UX-IjrQG6NCAqAc&usg=AFQjCNEnl2WqjwOW2qKHyltaPkHOUCnESg&sig2=8xLH-snLV9WfZr5xafHW3Q
http://www.google.dk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CDgQFjAA&url=http%3A%2F%2Fwww.teknologisk.dk%2F_root%2Fmedia%2F50991_Energy%2520production%2520from%2520marin%2520biomass%2520%28Ulva%2520lactuca%29.pdf&ei=6Jg4UX-IjrQG6NCAqAc&usg=AFQjCNEnl2WqjwOW2qKHyltaPkHOUCnESg&sig2=8xLH-snLV9WfZr5xafHW3Q
http://www.google.dk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CDgQFjAA&url=http%3A%2F%2Fwww.teknologisk.dk%2F_root%2Fmedia%2F50991_Energy%2520production%2520from%2520marin%2520biomass%2520%28Ulva%2520lactuca%29.pdf&ei=6Jg4UX-IjrQG6NCAqAc&usg=AFQjCNEnl2WqjwOW2qKHyltaPkHOUCnESg&sig2=8xLH-snLV9WfZr5xafHW3Q
http://www.google.dk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CDgQFjAA&url=http%3A%2F%2Fwww.teknologisk.dk%2F_root%2Fmedia%2F50991_Energy%2520production%2520from%2520marin%2520biomass%2520%28Ulva%2520lactuca%29.pdf&ei=6Jg4UX-IjrQG6NCAqAc&usg=AFQjCNEnl2WqjwOW2qKHyltaPkHOUCnESg&sig2=8xLH-snLV9WfZr5xafHW3Q
http://www.folkecenter.dk/mediafiles/folkecenter/pdf/Niras_notat_biobraendstof.pdf
http://www.folkecenter.dk/mediafiles/folkecenter/pdf/Niras_notat_biobraendstof.pdf
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Reports and presentations Publisher Online location 

Nord-Larsen & Suadicani (2010) 

Træbrændselsressourcer fra danske skove 

over ½ ha – opgørelse og prognose 2010 

ARBEJDSRAPPORT SKOV & LANDSKAB 

113 / 2010. LIFE, University of 

Copenhagen. 

http://curis.ku.dk/ws/files/32261131/traebraendselsres

source_2010.pdf  

Plantedirektoratet (2007) Vejledning om 

gødsknings- og harmoniregler. Version nr. 

1.0 af 07-08-2008 - Tabel 7 

Ministeriet for Fødevarer, Landbrug og 

Fiskeri / NaturErhvervstyrelsen 

http://www.pdir.dk/files/filer/topmenu/publikationer/v

ejledninger/goedningsregnskab0708/pdf/tabel_7.pdf  

Rasmussen (2012) Technologies relevant for 

gasification and methanation in Denmark 
DGC / ForskNG 10689 

http://www.dgc.dk/sites/default/files/filer/publikatione

r/R1207_gasification_methanisation.pdf  

Salam Et Al  (2010) Report On The Status Of 

Biomass Gasification In Thailand And 

Cambodia 

Energy Environment Partnership (EEP), 

Mekong Region / AIT 

http://www.eepmekong.org/_downloads/Biomass_Gasi

fication_report_final-submitted.pdf  

Schnepf (2010) Cellulosic ethanol: 

feedstocks, conversion technologies, 

economics and policy options 

Congressional Research Service 
http://www.nationalaglawcenter.org/assets/crs/R41460

.pdf  

SEI - Sustainable Energy Ireland (2004) 

Quality Assurance for Rape-seed Oil as 

Vehicle Fuel 

SEI 
http://www.seai.ie/Archive1/Files_Misc/RapeseedOilfin

al.pdf  

Sharma (2010) Management of Biogas Slurry Powerpoint presentation 
http://web.iitd.ac.in/~vkvijay/Prof.%20Satyawati%20Sh

arma.ppt  

Thomsen et al (2003) Udnyttelse af fast og 

flydende husdyrgødning - effekt af 

kompostering og afgasning 

DTU KT/RISØ/DGC 
http://www.okoforsk.dk/funktion/vidsyn/energi/Kompo

st_rev3.pdf  

Thomsen et al (2010) Bio-SNG potential 

assessment: Denmark 2020 
DTU KT / DGC 

http://energinet.dk/SiteCollectionDocuments/Danske%

20dokumenter/Forskning%20-%20PSO-

projekter/10299%20Bio-

SNG%20potential%20assessment_Denmark%202020.pd

f 

Thomsen et al (2011) The potential of 

Pyrolysis Technology in climate change 

mitigation 

DTU KT / Risø DTU 
http://orbit.dtu.dk/fedora/objects/orbit:83287/datastre

ams/file_5238026/content  

Van Der Drift et al (2004) Entrained Flow 

Gasification Of Biomass Ash Behaviour, 

Feeding Issues, And System Analyses 

ECN 
http://www.ecn.nl/docs/library/report/2004/c04039.pd

f 

Van der drift (2005) MILENA gasification 

technology for high efficient SNG production 

from Biomass 

ECN / ECN-RX--05 - 183 
ftp://kernenergie.nl/pub/www/library/report/2005/rx0

5183.pdf  

Wu-Haan (2008) Evaluation of Ultrasonic 

Pretreatment on Anaerobic Digestion of 

Biomass for Methane Production (Thesis) 

Iowa State University 
http://lib.dr.iastate.edu/cgi/viewcontent.cgi?article=26

30&context=etd  

Xinyi (2010) Hemicellulose fiber gum from 

distillers grain: Isolation, Structure and 

Properties 

China Agricultural University 

http://krex.k-

state.edu/dspace/bitstream/handle/2097/4618/XinyiE2

010.pdf;jsessionid=84854F2B69D1D9780A83256878793

731?sequence=7  

   

http://curis.ku.dk/ws/files/32261131/traebraendselsressource_2010.pdf
http://curis.ku.dk/ws/files/32261131/traebraendselsressource_2010.pdf
http://www.pdir.dk/files/filer/topmenu/publikationer/vejledninger/goedningsregnskab0708/pdf/tabel_7.pdf
http://www.pdir.dk/files/filer/topmenu/publikationer/vejledninger/goedningsregnskab0708/pdf/tabel_7.pdf
http://www.dgc.dk/sites/default/files/filer/publikationer/R1207_gasification_methanisation.pdf
http://www.dgc.dk/sites/default/files/filer/publikationer/R1207_gasification_methanisation.pdf
http://www.eepmekong.org/_downloads/Biomass_Gasification_report_final-submitted.pdf
http://www.eepmekong.org/_downloads/Biomass_Gasification_report_final-submitted.pdf
http://www.nationalaglawcenter.org/assets/crs/R41460.pdf
http://www.nationalaglawcenter.org/assets/crs/R41460.pdf
http://www.seai.ie/Archive1/Files_Misc/RapeseedOilfinal.pdf
http://www.seai.ie/Archive1/Files_Misc/RapeseedOilfinal.pdf
http://web.iitd.ac.in/~vkvijay/Prof.%20Satyawati%20Sharma.ppt
http://web.iitd.ac.in/~vkvijay/Prof.%20Satyawati%20Sharma.ppt
http://www.okoforsk.dk/funktion/vidsyn/energi/Kompost_rev3.pdf
http://www.okoforsk.dk/funktion/vidsyn/energi/Kompost_rev3.pdf
http://energinet.dk/SiteCollectionDocuments/Danske%20dokumenter/Forskning%20-%20PSO-projekter/10299%20Bio-SNG%20potential%20assessment_Denmark%202020.pdf
http://energinet.dk/SiteCollectionDocuments/Danske%20dokumenter/Forskning%20-%20PSO-projekter/10299%20Bio-SNG%20potential%20assessment_Denmark%202020.pdf
http://energinet.dk/SiteCollectionDocuments/Danske%20dokumenter/Forskning%20-%20PSO-projekter/10299%20Bio-SNG%20potential%20assessment_Denmark%202020.pdf
http://energinet.dk/SiteCollectionDocuments/Danske%20dokumenter/Forskning%20-%20PSO-projekter/10299%20Bio-SNG%20potential%20assessment_Denmark%202020.pdf
http://energinet.dk/SiteCollectionDocuments/Danske%20dokumenter/Forskning%20-%20PSO-projekter/10299%20Bio-SNG%20potential%20assessment_Denmark%202020.pdf
http://orbit.dtu.dk/fedora/objects/orbit:83287/datastreams/file_5238026/content
http://orbit.dtu.dk/fedora/objects/orbit:83287/datastreams/file_5238026/content
http://www.ecn.nl/docs/library/report/2004/c04039.pdf
http://www.ecn.nl/docs/library/report/2004/c04039.pdf
ftp://kernenergie.nl/pub/www/library/report/2005/rx05183.pdf
ftp://kernenergie.nl/pub/www/library/report/2005/rx05183.pdf
http://lib.dr.iastate.edu/cgi/viewcontent.cgi?article=2630&context=etd
http://lib.dr.iastate.edu/cgi/viewcontent.cgi?article=2630&context=etd
http://krex.k-state.edu/dspace/bitstream/handle/2097/4618/XinyiE2010.pdf;jsessionid=84854F2B69D1D9780A83256878793731?sequence=7
http://krex.k-state.edu/dspace/bitstream/handle/2097/4618/XinyiE2010.pdf;jsessionid=84854F2B69D1D9780A83256878793731?sequence=7
http://krex.k-state.edu/dspace/bitstream/handle/2097/4618/XinyiE2010.pdf;jsessionid=84854F2B69D1D9780A83256878793731?sequence=7
http://krex.k-state.edu/dspace/bitstream/handle/2097/4618/XinyiE2010.pdf;jsessionid=84854F2B69D1D9780A83256878793731?sequence=7
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Databases and calculators Publisher Online location 

Biograce GHG calculation tool 

v. 4B 
EU / Intelligent Energy Europe 

http://www.biograce.net/content/g

hgcalculationtools/calculationtool  

ECN Phyllis databse  ECN & the EU 7th Framework Programme through the BRISK project http://www.ecn.nl/phyllis/ 

ECN Phyllis 2 database ECN & the EU 7th Framework Programme through the BRISK project 
http://www.ecn.nl/phyllis2/Browse/

Standard/ECN-Phyllis  

Force Biolex database FORCE Technology 
http://biolex.dk-

teknik.dk/cms/site.aspx?p=4849. 

Landbrugsinfo.dk - requires 

login 
Videncentret for Landbrug https://www.landbrugsinfo.dk  

Statistikbanken / Danmarks 

statistik 
The Dansih Statistical Bureau 

http://www.statistikbanken.dk/statb

ank5a/default.asp?w=1280  

   
Other online resources Online location 

Bredsdorf (2012) Haveaffald er Danmarks billigste biomasse ing.dk/artikel/haveaffald-er-danmarks-billigste-biomasse-127850  

Carbolea (2010) Animal Manures - Background, analysis and 

evaluation 
http://www.carbolea.ul.ie/manures.html  

Christensen (1998) Forbrændingsegnet affald 

www.virksomhedernes-

miljoeguide.dk/da/menu/raadgivning/affald/Forbr%C3%A6nding/forbr%C3%A6

ndingsegnetaffald/forbr%C3%A6ndingsegnetaffald.htm  

Danmarks Statistik (2012) Forsyningen og forbruget af korn og 

foder  
www.dst.dk/varedeklaration/823  

Danmarks Statistik (2013) Foderforbruget efter fodermiddel, 

oprindelse og enhed 
www.statistikbanken.dk/Foder1  

eXtension (2012) What are typical values for the higher 

heating value of manure scraped from cattle feedyard 

surfaces? 

http://www.extension.org/pages/38755/what-are-typical-values-for-the-higher-

heating-value-of-manure-scraped-from-cattle-feedyard-surfaces  

Finnan (2007) Cereal Grains as a Boiler Fuel 
http://www.teagasc.ie/publications/2010/861/861_Cereal%20GrainsAsABoilerF

uel.pdf  

Kommunernes Landsforening (2012) Beregningsskema - miljø http://www.klxml.dk/KLB/Blanket/Gaelder/mv003.pdf  

Landbrug & Fødevarer (2012 - accessed) Om Gylle http://www.lf.dk/Miljoe_og_klima/Miljoe/Manure.aspx#.T03O7NVnSSr  

Landbrugsinfo.dk (2007) Optimal anvendelse af dybstrøelse 

[Arkiveret] 

https://www.landbrugsinfo.dk/Planteavl/Goedskning/Husdyrgoedning/Udbring

ning/Sider/Optimal_anvendelse_af_dybstroeelse_fra_k.aspx  

Landbrugsinfo.dk (2008) Optimal anvendelse af svinegylle 

[Arkiveret] 

http://www.Landbrugsinfo.dk/Planteavl/Goedskning/Husdyrgoedning/Udbringn

ing/Sider/Optimal_anvendelse_af_PigseManure__dyrkni.aspx  

Landbrugsinfo.dk (2012 - accessed) Højt proteinindhold i græs 

til slæt 

http://www.Landbrugsinfo.dk/Kvaeg/Fodder/GrovFodder/Aktuelt-om-

graesmarken/Sider/Hoejt_proteincontent_i_graes_til_slaet.aspx  

Landbrugsinfo.dk (2012 - accessed) Typer og indhold - 

husdyrgødning 

https://www.landbrugsinfo.dk/planteavl/goedskning/husdyrgoedning/typer-og-

indhold/sider/startside.aspx  

http://www.biograce.net/content/ghgcalculationtools/calculationtool
http://www.biograce.net/content/ghgcalculationtools/calculationtool
http://www.ecn.nl/phyllis/
http://www.ecn.nl/phyllis2/Browse/Standard/ECN-Phyllis
http://www.ecn.nl/phyllis2/Browse/Standard/ECN-Phyllis
http://biolex.dk-teknik.dk/cms/site.aspx?p=4849
http://biolex.dk-teknik.dk/cms/site.aspx?p=4849
https://www.landbrugsinfo.dk/
http://www.statistikbanken.dk/statbank5a/default.asp?w=1280
http://www.statistikbanken.dk/statbank5a/default.asp?w=1280
http://www.ing.dk/artikel/haveaffald-er-danmarks-billigste-biomasse-127850
http://www.carbolea.ul.ie/manures.html
http://www.virksomhedernes-miljoeguide.dk/da/menu/raadgivning/affald/Forbr%C3%A6nding/forbr%C3%A6ndingsegnetaffald/forbr%C3%A6ndingsegnetaffald.htm
http://www.virksomhedernes-miljoeguide.dk/da/menu/raadgivning/affald/Forbr%C3%A6nding/forbr%C3%A6ndingsegnetaffald/forbr%C3%A6ndingsegnetaffald.htm
http://www.virksomhedernes-miljoeguide.dk/da/menu/raadgivning/affald/Forbr%C3%A6nding/forbr%C3%A6ndingsegnetaffald/forbr%C3%A6ndingsegnetaffald.htm
file:///C:/Users/ttho/Desktop/Tobias%20Thomsen_s061586/SNG-projekt/SNG%20project%20part%202/Report/www.dst.dk/varedeklaration/823
http://www.statistikbanken.dk/Foder1
http://www.extension.org/pages/38755/what-are-typical-values-for-the-higher-heating-value-of-manure-scraped-from-cattle-feedyard-surfaces
http://www.extension.org/pages/38755/what-are-typical-values-for-the-higher-heating-value-of-manure-scraped-from-cattle-feedyard-surfaces
http://www.teagasc.ie/publications/2010/861/861_Cereal%20GrainsAsABoilerFuel.pdf
http://www.teagasc.ie/publications/2010/861/861_Cereal%20GrainsAsABoilerFuel.pdf
http://www.klxml.dk/KLB/Blanket/Gaelder/mv003.pdf
http://www.lf.dk/Miljoe_og_klima/Miljoe/Manure.aspx%23.T03O7NVnSSr
https://www.landbrugsinfo.dk/Planteavl/Goedskning/Husdyrgoedning/Udbringning/Sider/Optimal_anvendelse_af_dybstroeelse_fra_k.aspx
https://www.landbrugsinfo.dk/Planteavl/Goedskning/Husdyrgoedning/Udbringning/Sider/Optimal_anvendelse_af_dybstroeelse_fra_k.aspx
http://www.landbrugsinfo.dk/Planteavl/Goedskning/Husdyrgoedning/Udbringning/Sider/Optimal_anvendelse_af_PigseManure__dyrkni.aspx
http://www.landbrugsinfo.dk/Planteavl/Goedskning/Husdyrgoedning/Udbringning/Sider/Optimal_anvendelse_af_PigseManure__dyrkni.aspx
http://www.landbrugsinfo.dk/Kvaeg/Fodder/GrovFodder/Aktuelt-om-graesmarken/Sider/Hoejt_proteincontent_i_graes_til_slaet.aspx
http://www.landbrugsinfo.dk/Kvaeg/Fodder/GrovFodder/Aktuelt-om-graesmarken/Sider/Hoejt_proteincontent_i_graes_til_slaet.aspx
https://www.landbrugsinfo.dk/planteavl/goedskning/husdyrgoedning/typer-og-indhold/sider/startside.aspx
https://www.landbrugsinfo.dk/planteavl/goedskning/husdyrgoedning/typer-og-indhold/sider/startside.aspx
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Other online resources Online location 

Maj (2012) Indhold af næringsstoffer i husdyrgødning http://www.havenyt.dk/artikler/dyrkningsmetoder/goedning/607.html  

Midwest Agri Commodities - Sugar Beet Pulp Shreds http://www.mwagri.com/products/shreds.asp  

Miljøministeriet (1991) Bekendtgørelse om ændring af 

bekendtgørelse om husdyrbrug og dyrehold for mere end 3 

dyreenheder, husdyrgødning, ensilage m.v. 

https://www.retsinformation.dk/forms/R0710.aspx?id=132966  

MIT Energyclub (2007) Units and Conversions Fact Sheet 
http://www.mitenergyclub.org/assets/2008/11/15/Units_ConvFactors.MIT_Ene

rgyClub_Factsheet.v8.pdf  

Naskeo Environnement (2009) Biogas composition http://www.biogas-renewable-energy.info/biogas_composition.html  

Niras/bredsdorf (2012) Milliarder at hente i biogas fra 

danskernes køkkenaffald 
ing.dk/artikel/milliarder-hente-i-biogas-fra-danskernes-kokkenaffald-128692  

NNFCC () Anaerobic digestion - Biogas Yields http://www.biogas-info.co.uk/index.php/biogas-yields.html  

Schou (2003) Hestebestanden i Danmark, 2002 / Historisk 

dokument 
http://horseconsult.com/articles/showarticle.asp?ArtID=129  

The Engineering Toolbox (Accessed Oct. 2012) Fluids - Latent 

Heat of Evaporation 
http://www.engineeringtoolbox.com/fluids-evaporation-latent-heat-d_147.html  

Videncenter for halm- og flisfyring (1996) Videnblad 108: Om 

granbrænde 
http://www.videncenter.dk/Videnblade-dok/VB108.pdf  

University of Strathclyde Engineering (accessed Nov. 2012) 

Calorific Values: Bomb Calorimeter - Lab Experiment 

http://www.esru.strath.ac.uk/EandE/Web_sites/06-07/BioFT-

Diesel/experiment.htm  

  

  

http://www.havenyt.dk/artikler/dyrkningsmetoder/goedning/607.html
http://www.mwagri.com/products/shreds.asp
https://www.retsinformation.dk/forms/R0710.aspx?id=132966
http://www.mitenergyclub.org/assets/2008/11/15/Units_ConvFactors.MIT_EnergyClub_Factsheet.v8.pdf
http://www.mitenergyclub.org/assets/2008/11/15/Units_ConvFactors.MIT_EnergyClub_Factsheet.v8.pdf
http://www.biogas-renewable-energy.info/biogas_composition.html
http://www.ing.dk/artikel/milliarder-hente-i-biogas-fra-danskernes-kokkenaffald-128692
http://www.biogas-info.co.uk/index.php/biogas-yields.html
http://horseconsult.com/articles/showarticle.asp?ArtID=129
http://www.engineeringtoolbox.com/fluids-evaporation-latent-heat-d_147.html
http://www.videncenter.dk/Videnblade-dok/VB108.pdf
http://www.esru.strath.ac.uk/EandE/Web_sites/06-07/BioFT-Diesel/experiment.htm
http://www.esru.strath.ac.uk/EandE/Web_sites/06-07/BioFT-Diesel/experiment.htm
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APPENDIX A: SETTINGS FOR +10 MIO TON BIOMASS –  BIOMASS OPTIMIZATION SCENARIO  

Production settings: 

- Forest yield factor = 2.23 as in reference 

- +6000 ha coniferous forest 

- +2000 ha deciduous forest 

- +8000 ha assisting areas (non-productive) 

- -149000 ha spring barley 

- -124000 ha rape seeds 

- +124000 +149000 ha sugar beets 

- +15% straw yield 

Utilization settings: 

- 4000 kton DM beet root for energy 

- 1100 kton DM beet top for energy 

- +700 kton DM straw for energy 

- +100 kton DM wood for energy 

- +300 kton garden waste (grass) for energy 

- +200 kton garden waste (wood) for energy 

- -100 kton organic waste for energy 

Conversion settings: 

- Sugar beet root used 50/50 for biogas/ethanol 

- All biogas digestate/slurry composted in agricultural fields 

- Beet top used for biogas 

- Extra straw and wood combusted 

- Biogas used 50/50 in CHP gas engine or for production of SNG 

- Ethanol upgraded to fuel quality 

- Heat used in CHP Steam cycle, District heating or as process/point source heat. 
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APPENDIX B: SETTINGS FOR +10 MIO TON BIOMASS –  ENVIRONMENTA L SCENARIO  

Production settings: 

- Forest yield factor = 1.5 (2.23 in reference) 

- +12000 ha coniferous forest 

- +4000 ha deciduous forest 

- +16000 ha assisting areas (non-productive) 

- -47000 ha deciduous forest (left untouched) 

- -149000 ha spring barley 

- -124000 ha rape seeds 

- +120000 ha willow 

- +160000 ha miscanthus grass 

- +15% straw yield 

Utilization settings: 

- 1400 kton DM willow energy 

- 1400 kton DM miscanthus for energy 

- +700 kton DM straw for energy 

- -450 kton DM wood for energy 

- +300 kton garden waste (grass) for energy 

- +200 kton garden waste (wood) for energy 

- -100 kton organic waste for energy 

Conversion settings: 

- Miscanthus used for biogas 

- All biogas digestate/slurry composted in agricultural fields 

- Half of organic waste used for biogas, the rest was combusted 

- Extra straw and willow combusted 

- Biogas used 50/50 in CHP gas engine or for production of SNG 

- Heat used in CHP Steam cycle, District heating or as process/point source heat. 
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APPENDIX C: SETTINGS FOR SNG GAS –  BAU  MAXIMIZED SCENARIO  

Production settings: 

- Production of primary agricultural crops the same as reference 

- Forest yield factor = 2.23 as in reference 

- +100000 ha willow on marginal lands 

- +50000 ha grass from hay sleighing management of sensitive areas 

- -50000 ha other treatments/untreated sensitive areas 

Utilization settings: 

- Primary crops the same as reference 

- Bedding production the same as reference 

- Cereal straw: +322 kton DM used as fodder and +273 kton DM used for energy 

- Rape seed straw: +240 kton DM used for energy 

- Sugar beet: +75 kton DM used for fodder and +80 kton DM used for energy 

- Maize straw: -398,5 kton DM used for fodder and + 375 kton DM used for energy 

- Grasses total: -18,5 kton DM used for fodder and +850 kton DM used for energy 

- Wood total: +792 kton DM used for energy 

- Garden waste (as grass): +275 kton DM used for energy 

- Garden waste (as wood): +220 kton DM used for energy 

- Organic MSW: -100 kton DM used for energy 

- Kitchen waste: +275 kton DM used for energy 

- 50% of manure and 50% of muck and bedding collected for energy (Grøn Vækst goal, 2013) 

Conversion settings: 

- Beet residues, manure, muck, bedding, rape seed cake and organic waste used for biogas 

- All straw and grasses converted in LT-CFB gasifier 

- All biogas digestate/slurry steam dried and converted in LT-CFB 

- Rape seed pressed for oil and upgraded to RME 

- Char from LT-CFB process composted 

- Wood gasified 40/60 in entrained flow gasifiers/ allothermal gasifiers. 

- High temperature heat, LT-CFB gas, residual gas from SNG production, 60% of excess (heat of 

evaporation) and 20% of the biogas used in CHP Steam cycle (centralized and de-centralized), District 

heating or as process/point source heat. 

- All gas from thermal gasification in entrained flow gasifiers and allothermal gasifiers + 80% of biogas 

upgraded to bio-SNG. 
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APPENDIX D: SETTINGS FOR SNG GAS –  LOW INPUT PRO DUCTION SCENARIO  

Production settings: 

Production of domestic animals is reduced by 50% for all species. The reduced production of meat and animal 

products (milk, eggs etc.) is balanced by increased production of vegetable food for human consumption on a 

1:1 ratio of vegetable dry matter to animal total products (only 15 wt% of milk production included to avoid 

water over-influencing the balance). 

The reduced production of domestic animals lead to reduced need for bedding and fodder. However, the 

quantity of bedding material per animal unit and the total fodder import is kept constant to compare the 

scenarios. 

- 50000 ha is re-categorized as marginal lands with decreased productivity. 

- Forest yield factor = 2.23 as in reference 

- -385000 ha spring barley and -100000 ha winter barley 

- -440000 ha winter wheat 

- -50000 ha oat 

- -22000 ha winter rape 

- +284000 ha legumes 

- +62000 ha potatoes 

- +4000 ha sugar beets 

- -14000 ha grass clover 

- -100000 ha maize 

- +287000 ha Lucerne 

- -3200 ha willow 

- +100000 ha poplar 

- +200000 ha alder 

- +50000 ha lucerne on marginal lands 

- +50000 ha alder on marginal lands 

- +100000 ha grass from hay sleighing management of sensitive areas 

- -100000 ha other treatments/untreated sensitive areas 

- +21000 ha deciduous trees (forest) 

- +12000 ha coniferous trees (forest) 

- +33000 ha assisting areas (non-productive forest) 

- 50% of manure and 50% of muck and bedding collected for energy (Grøn Vækst goal, 2013) 

Utilization settings: 

- -5527 kton DM cereal grain as fodder 

- -172 kton DM rape as fodder 

- -8 kton legumes as fodder 

- -16 kton DM potatoes as fodder 

- -180 kton DM sugar beets as fodder 

- -1060 kton maize as fodder 

- -865 kton DM cereal straw as fodder 

- -31 kton DM beet top as fodder 

- -308 kton DM maize straw as fodder 

- +517 kton grasses/lucerne as fodder 

- +300 kton DM kitchen waste as fodder 
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- -305 kton DM cereal straw as bedding 

- +100 kton DM wheat grain for energy 

- +600 kton DM sugar beet for energy 

- +275 kton DM maize for energy 

- -151 kton DM rape seed for energy 

- -733 kton DM cereal straw for energy 

- +173 kton DM rape straw for energy 

- +330 kton DM legume straw for energy 

- +200 kton DM beet top for energy 

- +4125 kton DM grasses/lucerne for energy 

- -38 kton DM willow for energy 

- +850 kton DM poplar for energy 

- +2050 kton DM alder for energy 

- +130 kton DM from forest for energy 

- +260 kton DM garden waste (assumed to be grass) for energy 

- -102 kton organic MSW for energy 

- 50% of manure and 50% of muck and bedding collected for energy 

Conversion settings: 

- All straw converted in LT-CFB gasifier 

- Grain converted in allothermal gasifier 

- All biogas digestate/slurry and 25% of grasses steam dried and converted in LT-CFB 

- Beet, maize, beet residues, manure, muck, bedding and 75% of grasses used for biogas 

- Char from LT-CFB process composted 

- Wood gasified 40/60 in two-stage down draft gasifiers/ allothermal gasifiers. 

- Organic waste pyrolyzed in slow pyrolysis process 

- High temperature heat, low temperature heat, LT-CFB gas, residual gas from SNG production and 60% 

of excess (heat of evaporation) used in CHP Steam cycle (centralized and de-centralized), District 

heating or as process/point source heat. 

- All gas from biogas plants, pyrolysis processes and thermal gasification in two-stage down draft 

gasifiers and allothermal gasifiers upgraded to bio-SNG. 

- Pyrolysis oil converted to pyrolysis oil fuels – diesel and gasoline equivalents. 
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APPENDIX E: SETTINGS FO R SNG GAS –  HIGH INPUT PRO DUCTION SCE NARIO 

Production settings: 

Domestic forest area is reduced in this scenario to provide land for energy forest and energy grasses 

- Forest yield factor = 2.23 as in reference 

- -11000 ha legumes 

- +200000 ha sugar beets 

- -200000 ha grass clover 

- -50000 ha grass 

- +50000 ha maize 

- +61000 ha willow 

- +50000 ha miscanthus 

- -50000 ha deciduous trees (forest) 

- -50000 ha coniferous trees (forest) 

Utilization settings: 

- -188 kton DM cereal grain as fodder 

- -8 kton legumes as fodder 

- +304 kton DM potatoes as fodder 

- +170 kton DM sugar beets as fodder 

- +440 kton maize as fodder 

- +550 kton DM cereal straw as fodder 

- +499 kton DM beet top as fodder 

- -1278 kton grasses/lucerne as fodder 

- -51 kton DM rape seed for energy 

- +2450 kton DM sugar beet for energy 

- +50 kton DM maize for energy 

- +327 kton DM cereal straw for energy 

- +229 kton DM rape straw for energy 

- +500 kton DM beet top for energy 

- +700 kton DM grasses for energy 

- +612 kton DM willow for energy 

- -340 kton DM from forest for energy 

- +275 kton DM garden waste (assumed to be grass) for energy 

- +275 kton DM garden waste (assumed to be wood) for energy 

- -102 kton organic MSW for energy 

- 50% of manure and 50% of muck and bedding collected for energy (Grøn Vækst goal, 2013) 

Conversion settings: 

- All straw converted in LT-CFB gasifier 

- All biogas digestate/slurry and all grasses steam dried and converted in LT-CFB 

- All rapeseed pressed for oil and upgraded to RME 

- Beet root, beet residues, maize, rapeseed cake, manure, muck, bedding and organic waste used for 

biogas production 

- Char from LT-CFB process composted 

- Wood gasified 50/50 in two-stage down draft gasifiers/ allothermal gasifiers. 
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- 15% of the biogas, all high temperature heat, LT-CFB gas, residual gas from SNG production and 60% 

of excess (heat of evaporation) used in CHP Steam cycle (centralized and de-centralized), District 

heating or as process/point source heat. 

- 85% of gas from biogas plants and all gas from thermal gasification in two-stage down draft gasifiers 

and allothermal gasifiers upgraded to bio-SNG. 

 


