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Summary 

This report presents the results of a study performed for Danish Energy Agency by 

FORCE Technology. The study aims at acquiring verified performance and financial data 

for advanced production of biomass fuels. 

 

Data are presented as catalogue giving key figures for the technologies. The catalogue 

supplements earlier similar catalogues from Danish Energy Agency on energy technolo-

gies by giving figures for advanced solutions primarily for liquid biofuels. 

 

Technology data are given for a total of 17 technologies such a production of first gene-

ration bioethanol, biodiesel from rape seed oil or synthetic natural gas produced though 

gasification of solid biomass. 

 

The study was performed in the period December 2012 to May 2013. 
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List of Acronyms 

 

AD Alternative Drivmidler (alternative fuels for the transport sector) 

BP Boiling Point 

BTL Biomass To Liquid fuel 

CHP Combined Heat and Power 

CNG Compressed Natural Gas 

CTL Coal to Liquid Fuel 

DDGS Distiller’s Dry Grains with Solubles 

DEA Danish Energy Agency 

DME Dimethyl Ether 

ETL Emission To Liquid 

FAME Fatty Acid Methyl Ester 

FT Fischer-Tropsch 

GJ GigaJoule 

GTL Gas To Liquid fuel 

HDT Hydro-treatment 

HVO Hydroprocessed Vegetable Oil 

LCA Life Cycle Assessment 

LHV Lower Heating Value 

LPG Liquefied Petroleum Gas 

MJ MegaJoule 

MOGD Mobil olefins to gasoline and distillate/diesel 

MSW Municipal Solid Waste 

MTO Methanol to olefins 

Nm3 Normal cubic meters 

O&M Operation and Maintenance 

PCI Plant Cost Index 

Ph. Phase 

PR Progress Ratio 

PV Photovoltaics 

RME Rapeseed-oil Methyl Ester 

SNG Synthetic Natural Gas 

t tonne, metric unit = 1000 kg 

TPI Total Plant Investment 

TWP Torrefied Wood Pellets 

w.b. wet basis (in characterization of fuel properties) 

y year 
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1 Background 

1.1 Context 

During 2013 the Danish Energy Agency is performing a series of scenario and other 

energy planning analysis as a follow-up on the political agreement from March 2012 on 

the future energy supply in Denmark. For this purpose there is a requirement for data to 

be used in modelling work for advanced biomass technologies, primarily supplying liquid 

biofuels for the transport sector. The data is needed as a supplement to existing data 

collections in ref. 1. 

 

Each technology data sheet should give a short technology description, a Sankey diagram 

illustrating the fundamental energy balance, and a table with information on capacity, 

investments, efficiencies, operational costs etc. 

1.2 Contracting 

Danish Energy Agency contracted FORCE Technology to do the research work and 

present the required data in a publicly available report. The contract was based on an 

enquiry from DEA.  

 

The study was performed in the period December 2012 to April 2013. 
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2 Methodology 

2.1 Technology screening 

From a gross list of approximately 20 different technologies, which might be of interest in 

the modelling and planning work, the first task was to narrow down the list to an opera-

tional number of technologies - operational in terms of time schedule and the resources 

available for the research work. 

2.1.1 Selection criteria 

Technologies chosen for further data collection should be specifically interesting in a Da-

nish context: The fuel produced should be applicable in the Danish energy and transport 

sectors, and the raw material biomass should generally be available in Denmark. The 

data collection does not include an evaluation of the size of the resource base and whe-

ther or not the resource is available in Denmark - these questions are covered in scenario 

modelling work. 

 

In order to reduce the uncertainties of the process data and avoid faulty modelling 

results, demonstrated technologies are prioritized higher than technologies at small pilot 

or lab stage in selection of technologies for the datasheets. A technology is considered to 

be demonstrated if the whole process is demonstrated or if each major process units in 

the process are demonstrated. 

 

Data sheets should be supplementary to the existing technology catalogue, ref. 1. 

2.1.2 Screening matrix 

A screening matrix was created, giving an overview of the technology options. For some 

options, a range of potential sources of data was listed. For each option, information 

about the process, biomass raw material type, capacity etc. are given. 

 

The screening matrix is available as an electronic document in Excel-format. 

2.1.3 Technologies selected in other studies – the LCA study 

The analysis project on environmental and climate effects of producing and using bio-

mass for electricity, heat and transportation in Denmark, initiated by Danish Energy 

Agency in January 2013, "The LCA-study", prioritizes the following technologies of re-

levance within the scope of this report: 

 

• Compressed biogas and biomethane (manure and supplements) 

• Methanol (wood, import) 

• Ethanol (first generation, wheat and an imported fuel) 

• Ethanol (second generation, straw) 

• Biodiesel (first generation, rapeseed oil and an imported fuel) 

• Biodiesel (second generation, straw) 

• DME (wood) 

• A form of hydrogenation of biomass 

 

as means of supplying biomass based fuels for light and heavy vehicles in transport, and 
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• Imported torrefied wood pellets 

 

as a means to supply solid biomass for heat and power applications. 

 

For practical reasons, the technologies in focus in the LCA-study and in this report should 

to the extent possible be identical. 

2.1.4 Technologies selected in other studies - the CEESA report 

The study "Coherent Energy and Environmental System Analysis”, ref. 2, often referred 

to as the CEESA-project, presents an outlook for the Danish energy supply in the long 

term. 

 

The report points towards a transport sector, where electric vehicles and electricity in 

public transport supplies a large fraction of transport requirements. It argues that pro-

duction of liquid biofuels takes too much land area for the primary production, and that 

electricity from wind turbines requires much less area to supply the same transport 

energy. 

 

In the recommendable scenario, approximately half of the remaining liquid fuels are sup-

plied as biofuels, while half is supplied by synthetic fuels from co-electrolysers. The re-

port suggest electricity used for the production of hydrogen, and then synthesized to 

methanol. 

2.1.5 Technologies selected in other studies - the AD study 

In the report “Alternative drivmidler”, ref. 3, a series of technical solutions for future bio-

fuel supply for the transport sector are analyzed. Data sheets are included for the follo-

wing technologies relevant for this study: 

 

 1. gen. ethanol 

 2. gen. ethanol 

 RME 

 Gasification of solid biomass 

 Fischer-Tropsch diesel 

 Catalytic DME plant 

2.2 Data collection 

Performance data, investment and operational economy and other data are collected 

from publicly available sources. 

 

We have chosen sources with a view to the reliability of the authoring organisation and 

the author, with the thoroughness of the study and with the age of the report - newer 

sources are preferred. For example, reports from NREL (National Renewable Energy 

Laboratory, US Department of Energy) are used as sources for several technologies be-

cause of the neutrality, the thoroughness and high reliability of these reports. 
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In order to maintain the integrity of the source data, it is not attempted to mix data from 

different sources. Instead, a cross control of data between different sources are made if 

more than one sources are available.     

 

With a few exceptions all data are found in the sources; we have only calculated these 

into comparable units. In a few cases we supplement with FORCE Technology estimates; 

this is the case for instance for most figures given for O&M costs, where significant 

differences in the approach were observed in the sources, and we found it necessary, for 

reason of comparison between technologies, to impose a more uniform estimate. 

 

Data may have been adjusted from plant capacity given in the sources to the typical 

plant size presented in the data sheet using the economy of scale model illustrated be-

low. 

 

References used for the individual technologies are found under each technology data 

sheet. The reference documents have been collected in an electronic library along with 

numerous other electronic documents used in the research. This library is available from 

FORCE Technology. 

2.3 Public consultation 

A public consultation of the data was performed in March 2013, when a draft report and 

data set was sent to a list of interested technology providers, organisations, authorities 

etc. for comments. Comments and suggestions from this process has been evaluated, 

and integrated in this current report version. 

 

Datasheets 14, 15, 16 and 17 were prepared as an add-on in May 2013. These sheets 

were sent to a list of industries with specific interest. 
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3 Types of fuel, terminology, characterisation and use 

The following table summarizes properties and application of advanced fuels derived from 

biomass as included in this study. 

 

Fuel name LHV 
MJ/kg 

BP 
°C 

Density 
kg/l 

Application Remark 

Methanol 19.9 64.7 0.79 Methanol is an important basic chemical and has 
applications in many different areas. The following are some 
of the most important applications of methanol: 
1. Fuel for internal combustion engines. 
2. Fuel for fuel cell. 
3. Solvent. 
4. Basic raw material for organic synthesis. 

1. Methanol is more corrosive 
than traditional petrol for 
cars and may cause 
corrosion problems when 
used improperly. 

2. Methanol is highly toxic 
(R39/23/24/25). 

Ethanol 26.8 78.4 0.79 Ethanol is one of the most important chemicals in the world. 
Its applications are numerous:  
1. Ethanol is used almost everywhere in our daily life: 

alcohol-containing beverages, perfumes, disinfection 
liquids, hygiene products, etc., etc. 

2. Ethanol can be used as fuel for internal combustion 
engines. 

3. Ethanol is an important raw material for organic 
synthesis and solvent for numerous purposes. 

1. Ethanol is more corrosive 
than traditional petrol for 
cars and may cause 
corrosion problems when 
used improperly. 

DME 28.4 - 23.7 0.67 
(liquid) 

DME is mainly used as alternative fuels: 
1. DME can be used as diesel replacement in diesel 

engines.  
2. DME can be used as replacement for propane in LPG 

for home or industrial use. 

1. DME, when used as diesel 
replacement, must be stored 
under pressure. Minor 
modifications of the engines 
are also needed. 

Biodiesel 
(FAME) 

37.3 340-360 0.88 FAME (also known as RME - Rapeseed-oil Methyl Ester 
when the raw material is rapeseed-oil) is mainly used as 
fossil diesel replacement for diesel engines. When compared 
to fossil diesel, FAME has lower heating value because of 
oxygen content and some detrimental effects such as 
increased NOx emission, deposit formation, storage stability 
problems and poor cold properties. 

1. FAME has short shelf life 
and need special 
considerations for storage 
and supply 

Biodiesel 
(HVO/ FT) 

44 180-320 0.78 HVO/FT biodiesel is used as fossil diesel replacement for 
diesel engines. 
HVO/FT biodiesel has similar physical properties as fossil 
diesel and can therefore be directly used as 100 % substitute 
for fossil diesel without any modification of the engines. 

 

Biokerosene 
(HVO/FT) 

44 160-255 0.75 HVO/FT biokerosene is used as fossil kerosene replacement 
for jet fuels. 
HVO/FT biokerosene has similar physical properties as fossil 
kerosene and can therefore potentially be used as 100 % 
substitute for fossil kerosene without any modifications of the 
engines. 50 % blending with fossil kerosene has been 
successfully tested on military and civil airplanes. 

 

BioSNG 39.6 
MJ/Nm3 

(Gas) (Gas) BioSNG has similar properties as natural gas and can 
therefore be used as 100 % replacement for natural gas.  

 

Torrefied wood 21.7 NA 0.64-
0.72 

Torrefied wood is a solid fuel used as replacement for coal in 
power plants or other uses.  

 

 

 

For further details on fuel properties and applications, please refer to the data sheets. 
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4 Technology screening 

4.1 The original list 

The following technologies were included in the original enquiry from the Danish Energy 

Agency: 

 Bioethanol plant (1. and 2. generation) 

 Biodiesel plant (1. and 2. generation)  

 Methanol plant (including hydrogenation for methanol?) 

 Hydrogenation of CO2 to methane 

 Hydrogenation of biomass to methane 

 Hydrogenation of CO2 to diesel 

 Hydrogenation of biomass to diesel 

 Biogas to bio-liquid (for air transport) 

 DME on wood and other biomass 

 Methanol on raw glycerine (residue from 1. gen biodiesel on a.o. rape seed) 

 Biodiesel on celluloses/straw (Organic Fuel) 

 REnescience 

4.2 Categorization 

The list was unfolded, more technologies were added, and the listing was categorized 

according to the fuel output type: 

 

1. Bio-methanol 

2. Bio-ethanol  

3. Bio-diesel 

4. Bio-DME (DME = dimethyl ether) 

5. Bio-SNG (SNG = synthetic natural gas) 

 

Under each type of fuel, the chemical and biochemical routes were detailed. For some 

routes, several variants and case studies were identified, ending up at a total 29 different 

options. Each of these were entered into a matrix evaluation table in Excel-format, where 

key information on capacity, stage of development, references, technology description, 

raw material and other information were collected for each option. 

 

Through discussions with Danish Energy Agency and evaluation of the relevance 

according to the criteria listed in section 2.1 the list was narrowed down by selecting one 

of the variant for each technology, and finally selecting the most relevant ones. 
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4.3 Selection of technologies for detailed data sheets 

The following table summarizes all technologies that have been considered in the project, 

including those chosen for detailed data collection during the project. The last column 

refers to the Technology Data Sheet number in the report appendices. 

 

ID Output fuel Route Raw material No. 

A Biomethanol Syngas route Biomass (forest residue) 01 

B Biomethanol Syngas route Glycerine/biomass  

C Biomethanol Syngas route Waste (MSW)  

D Biomethanol CO2 route Electricity and CO2 02 

E Bioethanol 1. g. fermentation Crops 03 

F Bioethanol 2. g. fermentation Biomass 04 

G Bioethanol Algae CO2, sun light  

H Bioethanol Syngas route Waste (MSW)  

I Bioethanol 3. g. fermentation Biomass (lignocelluloses)  

J Biodiesel (ester type) Transesterification Vegetable oil/animal fat 05 

K Biodiesel (paraffin type) HVO (hydrogenated vegetable oil) Vegetable oil/animal fat 06 

L Biodiesel Syngas route Biomass 07 

M Biodiesel Algae (heterotroph) Sugar  

N Biodiesel Catalytic dehydration Methanol 08 

O BioDME Syngas route, two step process Waste (black liquor)  

P BioDME Syngas route, two step process Biomass (lignocelluloses) 09 

Q BioDME Methanol dehydration Methanol  

R BioSNG Gasification Biomass 10 

S Bio-kerosene Syngas route Biomass 11 

T Bio-kerosene HVO (hydrogenated vegetable oil) Vegetable oil/animal fat  

U Bio-kerosene Algae (heterotroph) Sugar  

V Torrefied wood Torrefaction Biomass 12 

W Bio-liquid REnescience Waste (MSW) 13 

X Bioethanol Inbicon Biomass (straw) 14 

Y Bioethanol and biogas Måbjerg Energy Concept Biomass, manure, waste 15 

X Biodiesel Syngas route plus hydrogen Biomass and hydrogen 16 

AA BioSNG Methanation Biogas 17 

 

4.4 Reasons behind selection 

This section presents a brief argument for which technologies were included, and which 

were omitted for data collection in the Technology Data Sheets. 

 

A. Methanol is an important energy carrier in several scenario studies for the future 

energy supply in Denmark, and wood is a major biomass source. 

B. Glycerine resources available for energy purpose is limited in Denmark compared to 

biomass. 
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C. The technology, currently operational in Canada, may be relevant for Denmark, but 

was prioritized second to the similar technology data sheet for wood in A. 

D. Identified in ref. 2 as a link from electricity to liquid fuels to the transport sector. 

Relevant in a Danish context in a scenario with a large excess supply of electricity 

from for example wind power. 

E. This technology is widely used today for liquid fuel production from agricultural 

products. 

F. Relevant development of liquid fuel production by using lignocellulosic (non-food) 

biomass and as such could play an important role in the future supply of liquid fuel in 

Denmark. Danish companies involved in development. 

G. Early stage of development; perspectives seems speculative and the weather and 

land conditions in Denmark are unfavourable. 

H. Interesting development options for waste handling, but prioritized second to the 

similar technology data sheet for biomass in F. 

I. The acetic acid route to ethanol was given low priority due to resource limitations in 

the project. 

J. Common process route to liquid biofuels using biomass oil crops. 

K. Provides biodiesel products that are similar to fossil diesel quality. 

L. Feasible route to produce diesel from biomass residues; technology has been 

successfully tested and may play an important role in the future supply of liquid fuel 

in Denmark. 

M. Unlikely to be able to produce diesel at a reasonable cost; technology in early pilot 

stage.  

N. Included in order to be able to model the production of a diesel fuel in a scenario, 

where methanol is produced as an intermediate storable energy carrier for renewable 

energy. 

O. Not relevant in a Danish context where we do not have paper factories producing 

black liquor. 

P. Chosen as the most relevant production route for DME in a Danish context. 

Q. Not included as it is less likely to establish a separate methanol to DME plant when 

DME production can be easily integrated into a methanol production process. 

R. Strong interest in scenario studies and internationally in production of a natural gas 

substitute from lignocellulosic biomass. 

S. Relevant as aviation fuel. Included as a simple variation of L. 

T. Prioritized second to the similar technology data sheet for biodiesel in K. 

U. Not included with the same reason as for M. 

V. Relevant in a Danish context for existing power plants to substitute large volumes of 

fossil coal with biomass with minimum process modifications, thereby reducing costs 

compared substitution of coal with wood pellets. 

W. Perspectives for refined treatment of waste. Danish companies involved in technology 

development 

X. Industrial perspectives 

Y. Industrial perspectives 

Z. Option to utilize wind power to increase output of biomass based liquid fuel 

production 

AA. Option to upgrade biogas to transport sector use 



 

Technology data for advanced bioenergy fuels 

 

 

Page 14 

 

4.5 Additions to the catalogue 

More datasheet can be added to the catalogue as technologies mature, and data 

becomes more reliable. 

  



 

Technology data for advanced bioenergy fuels 

 

 

Page 15 

 

5 Outline of data sheet contents 

The content of the individual data sheets follow the outline given in the project 

description. 

 

The purpose of the data sheets is to provide data for economic scenario models, and as 

such they describe the inputs and outputs of energy and economic resources in the 

energy plants. Upstream and downstream processes are not included - the datasheets 

does not provide information on prices for biomass fuels, environmental impact from fuel 

procurement, or the economic consequences of the substitution fossil fuels with the liquid 

fuels produced from biomass in the transport sector. 

5.1 Brief technology description 

This description should be short and give an overview of the technology and its 

applications. Biomass raw material should be specified. Technology status must be 

included (experimental, pilot, demonstration, commercial etc.). 

 

Data for technical lifetime of the plants are not included in the data sheets. For 

calculation purposes, in most cases a 20 years lifetime is a reasonable figure. 

5.2 Sankey diagram 

These show the basic energy balance for the complete plant. For comparison, 100 units 

of biomass energy on the input side are used to standardize the diagrams. 

 

Main energy output is the fuel product. Any heat, which can be utilized for e.g. district 

heating, should be accounted for in the diagram. 

 

Minor energy contributions like electricity input could be accounted for either in the 

Sankey diagram and energy balance or as an O&M cost. 

 

The diagrams must balance so that inputs equal outputs, including losses.  

5.3 Data table 

The main data table must specify the energy balance based on one energy unit (GJ) of 

produced fuel. 

 

Investment and O&M costs are specified on the same basis. Figures are given relative to 

the plant capacity. For example the capital cost given as 35.1 euro/GJ methanol/year 

means, that a plant of the stated typical size of 5.970,000 GJ/year would cost 210 

mio. €. 

  

O&M includes both fixed and part of the variable costs. The fixed share of O&M includes 

all costs, which are independent of how the plant is operated, e.g. operational staff, 

planned and unplanned maintenance, payments for O&M service agreements, etc. The 

variable share of O&M include all output related costs except the cost of main fuel inputs 

which are indicated in the Sankey diagram of each datasheets. O&M is estimated as a 
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percentage of the total plant investment and is expected to have an uncertainty in 

resemblance with that of the total plant investment. 

 

Typical plant size is specified. 

 

Two calculated performance indicators are presented: the 'process energy efficiency', 

which is the ratio of main fuel output to total energy input, and the 'total process energy 

efficiency', which is the ratio of all useful energy outputs to total energy input. 

 

In some processes - for example 1. and 2. generation ethanol production - by-products 

such as DDGS, lignin and molasses are produced. These by-products are not accounted 

for as fuel products like methanol and ethanol which can be used directly e.g. for trans-

port purposes. However, for the purpose of evaluation of the total energy efficiency of 

the process, they are still included in the calculation on the basis of their lower heating 

values. For economic reasons, these by-products will most likely be utilized for other pur-

poses than energy production. 

 

Options for heat utilization for district heating, in some cases via heat pump systems, are 

important in a Danish context, and contribute significantly to the economic performance 

of the technologies. However this focus is missing in other countries, and the data sour-

ces are in many cases incomplete when it comes to heat utilization. We have introduced 

the 'Estimated total energy efficiency with utilization of process heat loss for district 

heating' in the data tables for the technologies with significant amount of process heat 

loss. This information can be used to estimate the possible heat utilization. In some 

cases, we point to sources for this estimate, however in most cases it relies on an 

estimate by FORCE Technology. Investment costs have not been adjusted to reflect costs 

associated with waste heat utilization, as such costs are minimal compared to the total 

plant costs, and within the uncertainty. 

5.4 References 

The data table must include references for the individual data, and notes should be given 

where specific assumptions apply. The reference list should refer also to test- pilot- 

demonstration- and commercial examples of the technology in operation or planning. 
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6 General assumptions 

6.1 Price level 

Same price level is chosen as in the existing technology data collections, published in 

2012, ref. 1. This implies, that all price information for investments, operational costs etc. 

are given in 2011-price level, and in Euro (€). Please note that also the estimates for 

costs in the future are given in 2011-price level. 

 

Financial information valid in other years than 2011 has been adjusted using a general 

inflation rate of 2.5 % a year. Exceptions are some data taken from US sources, where 

we used CE (Chemical Engineering) plant cost index (PCI) according to the following 

equation: 

 

 TPI2011 (Total plant investment) = TPIref. year * (PCI2011/PCIref. year). 

6.2 Typical plant scope and size 

In general, the plant scope of a technology is limited to its core process units. However,  

for most of the processes based on biomass gasification, an integrated CHP plant is 

included, which allows the utilization of process waste streams and waste heat for heat 

and power production and makes the plant self sufficient in energy supply. Such CHP 

plant is not included in other processes because there are no or insufficient process 

waste streams/heat that can be economically utilized for heat and power production.       

 

The data sheets refer to a typical plant size for the individual technology. Generally, this 

plant size reflects the recommendation in the sources, which in most cases represent a 

balance between the lower per-unit cost from larger plants and access to the raw 

material, wood, straw or similar in a Danish context. 

6.3 General comment on uncertainty 

Most of the technologies covered in this study are 'future technologies' meaning that 

performance data and costs are based not on many years of experience with a large 

number of plants erected by a number of companies, but rather on a few, if any, plants, 

often in smaller scale than anticipated as the relevant one for future commercial plants. 

 

Plant data based on small demonstration plants may also have larger uncertainty because 

of large upscaling. 

 

We have attempted as far as possible to put a critical filter over the data supplied by 

researchers and developers, however by nature, it is not possible to know future costs 

and performance for certain. 

 

To add further to uncertainty, we have observed that discrepancies occur between 

sources. 
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7 Modelling scale and future prices 

7.1 Economy of scale 

Larger plants show lower investments and lower operational costs, than smaller plants 

when compared on a per unit base; this mechanism is referred to as economy of scale. 

 

We recommend that the evaluation of larger or smaller plants in economic calculation 

models should be estimated by calculating the investment from the typical plant size 

found in the data table. This calculation should refer to the plant capacity given in the 

data table and adjusted as follows: 

 

 
  

  
  

  

  
   

 

where C is the investment costs for plant 1 and 2 respectively, P is the capacity for plant 

1 and 2, and a is a proportionality factor. 

 

A proportionality factor of 1.0 would mean that doubling the size of a plant would double 

the investment, while a proportionality factor of 0.5 for example would mean that 

doubling the size of a plant would increase the investment by 41 %. For a technology, 

that requires the construction of multiple identical unit when increasing the size rather 

than building larger reactors, tanks, pipes etc, it is likely that the cost curve is close to 

linear, i.e. a proportionality factor of e.g. 0.9. 

 

This suggested methodology is consistent with the one suggested in ref. 1, and earlier 

studies such as 1990’ies studies of investment costs in biomass fired district heating 

plants. 

 

For each technology in the data sheets, we have assessed this figure. For modelling 

purposes we recommend a proportionality factor of 0.70 for all the technologies covered 

by data sheets in this report. This means that doubling the size of plant would increase 

the investment by 62 %. This proportionality factor is assessed by FORCE Technology as 

the technology developers do not supply such information, and experience from a large 

number of plants in different capacity ranges does not exist. 

 

We have used the same model and the same factor, 0.7, to adjust investment figures 

found in the literature to the typical plant size stated in the individual data sheets. 

7.2 Learning curves 

An essential part of the data collection is the estimation of how investment costs, 

operational costs and energy efficiency develop in the period 2015 to 2050. 

 

Generally, our sources (see references in each data sheet) have been unable to provide 

estimates for the future development. The technologies are in many cases in early stages 

of development, and technology developers and researcher have no history for the 

technology to judge from on the potential for future development. 
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7.2.1 Technology maturity 

As a general assumption, we present data for the nth plant, meaning that investments, 

O&M costs and energy balances are given for mature technology, i.e. for a plant built 

after technology development in pilot and demonstration phases. This could mean 

something like commercial plant number 3, 4, 5, 6, 7... For promising technologies which 

has not yet reached mature stage, data presented for the nth plant is a calculated future 

scenario based on existing knowledge. 

  

Most of our sources (see references in each data sheet), specifically the NREL-reports 

used in several data sheets, have prepared their data set this way. In cases where data 

are based on demonstration plants, or even pilot plants (such as REnescience and most 

of the thermo chemical processes), we or the source have made estimated deductions for 

R&D costs applicable only in these pioneering plants, or even have made the techno and 

economic evaluations for commercial scale plants based on calculations. 

7.2.2 Progress ratio 

In the literature, ref. 5, 6, 7 and 8, a general methodology for estimation of the future 

cost for energy technologies and energy services has been developed. Such a learning 

curve basically assumes that each time the accumulated production is doubled, the 

production cost is reduced by a certain factor, typically in the order of 5 to 15 %. 

 

The Progress Ratio, PR, expresses the rate at which costs decline for every doubling of 

cumulative production. As an example, the cost for production of 1 kWh of electricity 

from photovoltaic systems may decrease by 20 % over a period, where the number of 

installed units has doubled; thus PR is 80 %. 

 

The following table illustrates the model (note: numbers for illustration only): 

 

Example Initial price PR Future price with increased production 

   Double Quadruple 

1 kWh electricity produced on PV 0.20 €/kWh 80 0.16 €/kWh 0.13 €/kWh 

1 kWh electricity produced by wind 0,090 €/kWh 85 0.077 €/kWh 0.065 €/kWh 

Price of wood chips 7.0 €/GJ 75 5.3 €/GJ 3.9 €/GJ 

Investment in coal fired power plant 1000 €/kW(e) 95 950 €/kW(e) 903 €/kW(e) 

Investment in biomass boiler 150 €/kW(h) 100 150 €/kW(h) 150 €/kW(h) 

 

 

The PR model may be used on the price of the energy service or carrier (electricity, heat, 

gas), on the investment in technology (plant investment), on operational costs or on fuel 

procurement costs. 

 

We assume that the future costs for energy technology investments and costs for energy 

services develop as companies learn from their experiences through establishment of 
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new units. Thus the cost reduction is a result of cumulative production, and not of 

calendar years passing by. As a consequence, our recommendation for a learning model 

in the following section are based on cumulative production, not on the years expressed 

in the time series in the data sheets, 2015, 2020, 2025, and 2050. This way the PR-

model is suitable in a scenario model for future development of energy supply systems. 

The production volume assumed in the scenario model can be used simply as an input in 

a prognosis model for the future costs for the technology. Please note though, that the 

production volume referred to in the model is the global volume, not just the Danish 

market. 

 

The model is a cost-based model, and as such does not necessarily reflect market prices 

in a situation without competition in the market. Also a strong demand can pull market 

prices far from a calculated cost-based price. Further, support schemes may influence 

market prices leading to discrepancies between a cost-based model like the PR-model 

and the actual prices in the market.  

 

Progress ratio is best used over a longer development period as it is not necessarily 

constant - one example displays PR >100 % in the initial development phase, followed by 

75 % in an intense learning stage and 90 % as the technology matures. 

 

In most cases the PR will include cost reductions caused by more efficient production 

systems as well as effects of future production systems taking advantage of economy of 

scale by building larger units (larger wind turbines for example). We recommend a 

separate evaluation of economy of scale (see section 7.1); thus the following 

recommendation takes into account only the cumulative effect of more efficient 

production systems, not scale effects. 

 

PR for energy technologies found in the references range from 70% to 100%; lowest for 

energy services, where total costs includes a large element of fuel costs, and where 

economy of scale contributes dominantly to the total picture. When looking solely at 

investment costs for e.g. power plants, and excluding scale effects, the PR range typically 

from 90 % to 100%. 

7.2.3 Recommended learning model 

For modelling purposes we recommend, that investment figures for plants described in 

the technology data sheets should be adjusted according to a general PR of 95 %. Same 

adjustment is recommended for O&M costs. 

 

For performance data we do not recommend a general learning or development over 

time. First of all our sources generally refer to the nth plant, where efficiency gains should 

have been achieved. Second, in many cases the ratio between input and output flow are 

determined directly by mass balances. 

 

Further development perspectives exist among others in utilization of surplus heat for 

district heating. 
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7.3 Example of the use of scale and learning models 

Based on the data in data sheet 01, we wish to calculate the investment cost in a plant 

50 % bigger than the size stated as the typical size, in a future scenario, where the 

global market for the technology is 4 times larger than today. 

 

Initial investment: 

35.1 euro/GJ * 5,970,000 GJ = 210 million Euro 

 

Upscaling: 

(1.5/1)^0.7 * 210 million Euro = 278 million Euro 

 

Learning: 

0.95 * 0.95 * 278 million Euro = 251 million Euro  
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01    Technology data sheet: Bio-methanol 

 

 

 

 

 

Methanol production by BTL technology 
 

Brief technology description 

Methanol can be synthesized by using biomass as start material such as straw, wood, 

corn stover or other lignocellulosic materials. Biomass is first pre-treated (drying, grin-

ding, etc.) and gasified in a gasifier which is usually specially designed for the specific 

biomass type. The gas from the gasification step is subsequently converted to syngas 

through a thermal reforming process. The produced syngas is then cleaned and conver-

ted to methanol through a catalytic synthesis process. The final methanol product is pro-

duced after a final purification step. An integrated unit for power and heat generation 

supplies the whole production process for power and steam or heat. 

 

One of the key processes in this technology is the gasification of biomass. 

 

Gasification of solid fuels is an old and well known technology, especially in the CTL (coal 

to liquid fuels) industry. However, for the gasification of biomass, new developments are 

still needed due to the numerous types of biomass and their widely different physical 

properties. In the past decades, a large number of gasifiers which can cope with different 

types of biomass have been developed in the world. Some of them have now matured 

and got commercial applications in different BTL (biomass to liquid fuels) projects in the 

world. 

 

The reforming, methanol synthesis and final product purification are widely used in CTL 

and GTL (gas to liquid fuels) industries and can be considered commercially mature 

technologies. 

 

Energy balance 

The following Sankey diagram shows the total energy input and output of the process1. 

The energy balance is based on wood with 50 % moisture content as the raw material. 

For other types of biomass, the data need to be adjusted according to the properties 

(such as heat value and composition) of the used biomass. 

 

The plant includes also integrated power and heat production unit which supplies the 

process energy required. Fuel consumption (a combination of wood and process 

residues) for this is included in the total energy balance. For the energy balance lower 

heating value (LHV) of the different materials are used. 

 

Process cooling and heat loss from process equipment surface are major sources for 

process heat loss. Low grade (=low temperature) thermal energy may in certain degree 

be recovered from process cooling. However, utilization of low grade thermal energy is 

usually a cost-benefit issue and determined by local conditions. 
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According to Weel and Sandvig2, a total energy efficiency (on LHV basis) of about 88 % 

can be achieved when integrated process cooling and heating are implemented and the 

integrated CHP plant is optimized for heat production for district heating. This means that 

about 75 % of the process heat loss can be utilized directly as heat for district heating 

purposes. 

 

 

 

 

Data table 

The following table shows some major technological and economic parameters of this 

technology. The conditions are the same as for the energy balance. The plant capital cost 

estimation is based on the assumption that the technology is commercially mature with a 

number of plants in operation. 

 

Technology Methanol by BTL technology 

 2015 2020 2035 2050 Note Ref. 

Technical data       

Typical plant size, t methanol/year 300,000 See sections on scaling and learning A  

Typical plant size, GJ methanol/year 5,970,000 See sections on scaling and learning   

Wood (50 % moisture) consumption, GJ/GJ methanol 1.9 See sections on scaling and learning  1 

Wood (50 % moisture) consumption, t/t methanol 4.7 See sections on scaling and learning   

Total energy input, raw materials, GJ/GJ methanol 1.9 See sections on scaling and learning B  

Process energy efficiency, methanol % 52.9 See sections on scaling and learning   

Total process energy efficiency, % 52.9 See sections on scaling and learning   

Estimated total energy efficiency with utilization of process heat 
loss for district heating  

88 See sections on scaling and learning   

       

Economic data       

Capital cost, euro/GJ methanol/year 35.1 See sections on scaling and learning C 1,3 

O & M, euro/GJ methanol/year 1.1 See sections on scaling and learning D  

 

 

References 

1. Joan Tarud, Steven Phillips. Techno-economic comparison of biofuels: ethanol, 

methanol, and gasoline from gasification of woody residues. 2011. NREL/PR-5100-

52636. 
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2. Perspektiver for dansk ammoniak- eller methanolfremstilling, som led i et muligt 

fremtidens hydrogensamfund. Energinet.dk. Weel & Sandvig, 2007. 

3. Well-to-Wheels analysis of future automotive fuels and powertrains in the European 

context. March 2007. 

 

Notes 

A. The plant size corresponds to a consumption of about 10 % of the total biomass 

potential in Denmark (around 13 mio. tons per year if. the report “+10 mio. tons 

planen”). 

B. Energy input from supporting chemicals of minor amounts is not considered. 

C. The total capital cost include total installed cost (total direct costs) and all indirect 

costs such as engineering, construction, contractor’s fee, contingency and working 

capital. 

D. O&M costs, including labour costs, are calculated as 3 % of investment. Costs for 

main raw materials, administration, insurance and tax are not included.  
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02    Technology data sheet: Methanol from CO2 and 
electricity 

 

 

 

 

 

Methanol production by ETL technology 
 

Brief technology description 

ETL (emission to liquid) is a process technology developed by Carbon Recycling 

International (CRI) in Iceland for the production of methanol with CO2 as the starting raw 

material. In this process methanol is synthesized by using syngas consisting of CO2 and 

H2. H2 is produced by electrolysis of water. The whole production process consists of 

units such as CO2 recovery (from flue gas, air or other sources), water electrolysis, 

methanol synthesis and product separation. 

 

In the production process, CO2 is extracted from the CO2 containing sources such as 

various types of flue gas and air by absorption-desorption method in the CO2 recovery 

unit. H2 is produced by water electrolysis in the water electrolysis unit. This is proven 

technology; however in future plants, production of hydrogen through Topsøe's SOEC 

technology, may be possible. The produced CO2 and H2 are then pressurized and mixed 

in the ratio of around 1:3 to form the needed syngas. The syngas is subsequently 

converted to methanol and water in a reactor in the methanol synthesis unit in the 

presence of a catalyst. The mixture from the reactor containing unreacted syngas, 

methanol and water is then cooled down to condense the formed methanol and water. 

The unreacted syngas which is in gas form is cycled back to the reactor, while the 

condensed methanol and water mixture is sent to the separation unit, where methanol is 

separated and purified. 

 

This ETL technology is basically a method for converting electrical energy into liquid 

fuels. CRI has demonstrated this technology in their demo plant with an annual produc-

tion capacity of about 5 million litres; in commercial scale not plants are presently in 

operation. 

 

Energy balance 

The energy balance is made on the assumption that CO2 is extracted from flue gas. The 

following Sankey diagram shows the total energy input and output of the process. The 

energy balance is based on the low heating value (LHV) of the involved materials. 

 

Process cooling and heat loss from process equipment surface are major sources for 

process heat loss. Low grade (=low temperature) thermal energy may in certain degree 

be recovered from process cooling. However, utilization of low grade thermal energy is 

usually a cost-benefit issue and determined by local conditions. 

 

In this process, the major process heat loss is from the water electrolyser for hydrogen 

production. By operating the electrolyser at a temperature around 80-100°C, the major 
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part of the heat developed during the electrolysis can be recovered directly for district 

heating purpose. The total energy efficiency of this process can thus be increased to 

around 80% (FORCE Technology estimate), which corresponds to about 60 % usage of 

the total process heat loss.  

  

 
 

Further value is created by the production of oxygen as a by-product; about 48,000 

t/year for the plant size mentioned in the data table. 

 

Data table 

The following table shows some major technological and economic parameters of this 

technology. The assumptions are the same as for the above energy balance. 

 

Technology Methanol by ETL technology 

 2015 2020 2035 2050 Note Ref. 

Technical data       

Typical plant size, t methanol/year 40,000 See sections on scaling and learning A  

Typical plant size, GJ methanol/year 796,000 See sections on scaling and learning   

Electricity input, GJ/GJ methanol 1.9 See sections on scaling and learning B 1 

Electricity input, kWh/t methanol 10368 See sections on scaling and learning   

CO2 input, t/GJ methanol 0.070 See sections on scaling and learning  1 

Process energy efficiency, methanol, % 53.3 See sections on scaling and learning C  

Total process energy efficiency, % 53.3 See sections on scaling and learning   

Estimated total energy efficiency with utilization of process heat 
loss for district heating  

80 See sections on scaling and learning D  

       

Economic data       

Capital cost, euro/GJ methanol /year 44.9 See sections on scaling and learning E 2 

O & M, euro/GJ methanol /year 1.35 See sections on scaling and learning F, G  

 

 

References 

1. Johanna Ivy. Summary of Electrolytic Hydrogen Production. NREL/MP-560-36734. 

NREL, 2004. 

2. http://www.chemicals-technology.com/projects/george-olah-renewable-methanol-

plant-iceland.  

http://www.chemicals-technology.com/projects/george-olah-renewable-methanol-plant-iceland
http://www.chemicals-technology.com/projects/george-olah-renewable-methanol-plant-iceland
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Notes 

A. The plant size is determined according the answers to the questionnaire sent to the 

technology owner. 

B. Hydrogen consumption according to the technology provider CRI is currently 0.2 kg 

H2/ kg methanol, but will be decreased to 0.19 kg H2/kg methanol in the future. 

Electricity consumption is calculated under the assumptions that electricity 

consumption for hydrogen production by water electrolysis is 53.5 kWh/kg H2 (ref. 1) 

and electricity consumption for other process activities is 2% of the total electricity 

consumption for water electrolysis.  

C. Energy input from supporting chemicals of minor amounts is not considered. 

D. Estimate by FORCE Technology. 

E. Plant cost is estimated based on the 4000 t/year demonstration plant in Iceland. 

Later commercial plants are likely to be cheaper. The total capital cost (including the 

unit for CO2 extraction) include total installed cost (total direct costs) and all indirect 

costs such as engineering, construction, contractor’s fee, contingency and working 

capital. Capital cost is estimated 15 % higher than the Icelandic case due to CO2 

source being thermal plant CO2 instead of geothermal CO2. 

F. The annual O&M cost is calculated as 3% of the total capital cost of the plant. Costs 

for main raw materials, administration, insurance and tax are not included. 

G. Please note, that the operational economy is improved by the value of oxygen 

produced as a by-product. 
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03    Technology data sheet: 1st gen. bio-ethanol 

 

 

 

 

 

Ethanol production by 1st generation fermentation 

technology 

 
Brief technology description 

Ethanol can be produced by fermentation with starch crops such as corn and wheat as 

the raw materials. The process usually consists of units such as milling, liquefaction, 

saccharification, fermentation and purification. The raw material is first cleaned and 

grinded to powder in the milling unit. The milling can be wet or dry. For the wet milling, 

the corn crops are first steeped in water. After the milling, the starch meal is then mixed 

with water, enzyme and other chemicals in the liquefaction unit, where starch undergoes 

initial saccharification. After liquefaction, the final saccharification takes place in the 

saccharification unit with addition of enzyme, acid and other chemicals, where the starch 

is fully converted to glucose. After saccharification, the formed glucose is converted to 

ethanol in the fermentation unit with addition of yeast. The final ethanol product is obtai-

ned after a final purification step. 

 

In the purification step, DDGS (Distiller’s dry grains with solubles) is produced as a by-

product. DDGS consists of various unfermented solids such as fibres, protein, fat and 

yeast cells. DDGS is usually used as animal feed. With wet mill, other by-products may be 

produced such as corn oil, corn gluten feed and condensed steep water solubles. 

 

1. gen. fermentation technology is a mature technology and has been commercialized for 

decades.   

 

Energy balance 

The following Sankey diagram shows the total energy input and output of the process 

with dry milling1. 

 

The energy balance is based on corn with 15 % moisture content. For using other types 

of crop such as wheat, the data need to be adjusted according to the properties (mainly 

the starch content in this case) of the used crop type. For example, the raw material 

consumption will increase about 7% when wheat is used because of less starch content 

in wheat than in corn starch2. 

 

The energy input from the raw material and the energy output from the product are 

based on their LHV (lower heating value). 

 

Process cooling and heat loss from process equipment surface are major sources for 

process heat loss. Low grade (=low temperature) thermal energy may in certain degree 
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be recovered from process cooling. However, utilization of low grade thermal energy is 

usually a cost-benefit issue and determined by local conditions. 

 

It is estimated (FORCE Technology) that 20% of the process heat loss can be recovered 

(about 10% recovered directly for district heating and about 10% recovered by using 

heat pump), which increase the total energy efficiency to about 80%. 

 

 

 

Data table 

The following table shows some major technological and economic parameters of this 

technology. The data are based on corn with 15 % moisture as the raw material and the 

process with dry milling. The plant capital cost estimation is based on the assumption 

that the technology is commercially mature with a number of plants in operation. 

 

Technology Ethanol by 1st generation fermentation 

 2015 2020 2035 2050 Note Ref. 

Technical data       

Typical plant size, t ethanol/year 200,000 See sections on scaling and learning A  

Typical plant size, GJ ethanol/year 5,360,000 See sections on scaling and learning   

Corn (15 % water) consumption, GJ/GJ ethanol 1.74 See sections on scaling and learning  1 

Corn (15 % water) consumption, t/t ethanol 3.1 See sections on scaling and learning   

Total energy input, raw materials, GJ/GJ ethanol 1.74 See sections on scaling and learning B  

Electricity input, GJ/GJ ethanol 0.031 See sections on scaling and learning  1 

Heat input, GJ/GJ ethanol 0.43 See sections on scaling and learning  1 

By-product, DDGS, GJ/GJ ethanol 0.68 See sections on scaling and learning  1, 3 

Process energy efficiency, ethanol, % 45.5 See sections on scaling and learning   

Total process energy efficiency, ethanol + DDGS, % 76.5 See sections on scaling and learning   

Estimated total energy efficiency with utilization of process heat 
loss for district heating  

80 See sections on scaling and learning E  

       

Economic data       

Capital cost, euro/GJ ethanol /year 18.6 See sections on scaling and learning C 1,4,5 

O&M, euro/GJ ethanol /year 2.05 See sections on scaling and learning D 1 

 



 

Technology data for advanced bioenergy fuels 

 

 

Page 31 

 

References 

1. Andrew McAloon, Frank Taylor, Winnie Yee, Kelly Ibsen and Robert Wooley. 

Determining the Cost of Producing Ethanol from Corn Starch and Lignocellulosic 

Feedstocks. 2000. NREL/TP-580-28893. 

2. Gobbetti, M. and Gänzle, M. Handbook on Sourdough Biotechnology. Springer Sci-

ence+Business Media. New York, 2013. 
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Notes 

A. The plant size is assumed based on the plants sizes of existing 1st generation ethanol 

plants in EU. 

B. Energy input from supporting chemicals of minor amounts is not considered. 

C. The total capital cost include total installed cost (total direct costs) and all indirect 

costs such as engineering, construction, contractor’s fee, contingency and working 

capital. 

D. O&M costs, including labour costs, are calculated as 3 % of investment. Costs for 

main raw materials, capital depreciation, administration, insurance and tax are not 

included. 

E. Estimate by FORCE Technology. 

  

http://www.biofuelsdigest.com/bdigest/2011/06/21/agentine-co-op-to-invest-80m-in-corn-ethanol-plant/
http://www.biofuelsdigest.com/bdigest/2011/06/21/agentine-co-op-to-invest-80m-in-corn-ethanol-plant/
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04    Technology data sheet: 2nd gen. bio-ethanol 

 

 

 

 

 

Ethanol production by 2nd generation fermentation 

technology 
 

Brief technology description 

Ethanol can be produced by using lignocellulosic biomass (such as wheat straw, corn 

stover, wood, etc.), which consists of mainly cellulose, hemicelluloses and lignin, through 

fermentation. The process usually contains units such as raw material preparation, hydro-

thermal and enzymatic pre-treatment of the raw material, fermentation and product 

purification. For large plants, units for such as enzyme production, waste water treatment 

and power production by using the by-product lignin are also included.  

 

In the raw material preparation, the biomass is cut or grinded to the size suitable for 

downstream processing. The prepared biomass is then pre-treated first hydro-thermally 

at elevated temperature and pressure and thereafter enzymatically to convert the cellu-

losic part of the biomass into sugars (both glucose - C6 sugar and xylose/arabinose - C5 

sugars) (the so-called saccharification step). Following the pre-treatment, fermentation 

takes place by using yeast, which converts the sugars into ethanol. The final ethanol pro-

duct is obtained after a purification step. Lignin contained in the biomass cannot be 

converted to sugars or ethanol with current technology and therefore becomes a by-pro-

duct. Lignin separated from the process is used for power and heat production which can 

supply the process with the needed electricity and heat as well as excess electricity and 

heat for sale. 

 

Enzymes used for the pre-treatment can be delivered externally or produced onsite by 

including an extra unit for enzyme production. Onsite production of enzyme is usually 

considered when the production capacity is very large because of economic reasons. 

 

The most critical steps in this process are the saccharification and fermentation which 

have great influence on plant economy and efficiency of energy utilization. In the fer-

mentation step effective fermentation of the C5 sugars is one of the most important tech-

nologies in the process. Though C5 sugar fermentation technology is today commercially 

available1, research efforts in improving this technology are important to the different 

technology providers. 

 

2. gen. fermentation technology with C5 sugar utilization is now commercially available, 

and chosen for this datasheet. The main reason for this choice is its significantly higher 

ethanol yield when compared with 2. gen. fermentation technology without C5 utilization.   
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Energy balance 

The following Sankey diagram shows the total energy input and output of the process2. 

The energy balance is made on the basis of straw with 15 % moisture content as the raw 

material. It is assumed that the process efficiency is the same as with corn stover as the 

raw material (corn stover is used as raw material in the reference document) because the 

composition of wheat straw is very close to that of corn stove3. For using other types of 

biomass, the data must be adjusted if their compositions differ significantly from wheat 

straw or corn stover. 

 

It is also assumed that the plant has its own enzyme production and CHP plant. For the 

energy balance lower heating value (LHV) of the different materials are used. 

 

Process cooling and heat loss from process equipment surface are major sources for 

process heat loss. Low grade (=low temperature) thermal energy may in certain degree 

be recovered from process cooling. However, utilization of low grade thermal energy is 

usually a cost-benefit issue and determined by local conditions. 

 

The total energy efficiency of this process can be increased to about 71%, if the 

integrated CHP plant is optimized for heat production for district heating and the process 

cooling is utilized as well for district heating purpose4. This corresponds to utilization of 

about 48% of the process heat loss (about 44% recovered directly and 4% by using heat 

pump). 

  

In the case the CHP is optimized for district heating production, there will be no net 

power output from the process (electricity output in the Sankey diagram will be zero 

instead of 3). 

 

 

  
 

 

Data table 

The following table shows some major technological and economic parameters of this 

technology. The conditions are the same as for the energy balance. The plant capital cost 

estimation is based on the assumption that the technology is commercially mature with a 

number of plants in operation. 
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Technology Ethanol by 2. generation fermentation 

 2015 2020 2035 2050 Note Ref. 

Technical data       

Typical plant size, t ethanol/year 200,000 See sections on scaling and learning A  

Typical plant size, GJ ethanol/year 5,360,000 See sections on scaling and learning   

Straw (15 % water) consumption, GJ/GJ ethanol 2.4 See sections on scaling and learning  2 

Straw (15 % water) consumption, t/t ethanol 4.5 See sections on scaling and learning   

Total energy input, raw materials, GJ/GJ ethanol 2.4 See sections on scaling and learning B  

Available electricity, GJ/GJ ethanol 0.07 See sections on scaling and learning  2 

Process energy efficiency, ethanol, % 41.1 See sections on scaling and learning   

Total process energy efficiency, ethanol + electricity, % 44.1 See sections on scaling and learning   

Estimated total energy efficiency with utilization of process heat loss 
for district heating  

71 See sections on scaling and learning  4 

       

Economic data       

Capital cost, euro/GJ ethanol /year 69.0 See sections on scaling and learning C 2,4,5,6,7,8 

O&M, euro/GJ ethanol /year 5.3 See sections on scaling and learning D 2 

 

References 

1. How to deploy profitable cellulosic ethanol and bio-based chemical plants. PROESA 

Process brochure, 2012. (http://www.betarenewables.com/PROESA-brochure-lrs.pdf) 

2. Humbird, R. Davis, L. Tao, C. Kinchin, D. Hsu, and A. Aden. Process Design and 

Economics for Biochemical Conversion of Lignocellulosic Biomass to Ethanol. 2011. 

NREL/TP-5100-47764. 

3. Owens, V.N., Boe, A., Jeranyama, P. and Lee, D. Composition of Herbaceous Biomass 

Feedstocks. Plant Science Department, South Dakota State University. 2007. 

4. Alternative drivmidler. Energistyrelsen, 2012. 

5. http://www.chemicals-technology.com/projects/mg-ethanol/. 

6. Feroz Kabir Kazi, Joshua A. Fortman, Robert P. Anex, David D. Hsu, Andy Aden, 
Abhijit Dutta, Geetha Kothandaraman. Techno-economic comparison of process 

technologies for biochemical ethanol production from corn stover. Fuel. Vol. 89, 

2010, pp20–28 
7. Sergey Zinoviev, Franziska Muller-Langer, Piyali Das , Nicolas Bertero. Next-

Generation Biofuels: Survey of Emerging Technologies and Sustainability Issues. 
ChemSusChem, 2010, 3, pp1106 – 1133. 

8. Well-to-Wheels analysis of future automotive fuels and powertrains in the European 

context. March 2007. 

 

Notes 

A. The plant size is assumed based on the plant sizes of existing 1st generation ethanol 

plants in EU. A large plant is probably necessary in order to reduce costs by economy 

of scale, however 200,000 t is large compared to current plants. A likely size for a 

first plant in Denmark would be 2-10 times smaller. 

B. Energy input from supporting chemicals of minor amounts is not considered. 

C. The total capital cost include total installed cost (total direct costs) and all indirect 

costs such as engineering, construction, contractor’s fee, contingency and working 

capital. 

http://www.chemicals-technology.com/projects/mg-ethanol/
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D. Labour costs are included. Costs for main raw materials, administration, insurance 

and tax are not included. 
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05    Technology data sheet: 1st. gen. bio-diesel by 
transesterification 

 

 

 

 

 

Bio-diesel production by transesterification of vegetable 

oil 
 

Brief technology description 

Bio-diesel can be produced by transesterification of vegetable oil with methanol. The 

production process usually consists of units such as raw material/product storage, 

transesterification reaction, product purification and glycerol recovery. 

 

The transesterification reaction usually takes place in the presence of a catalyst. In this 

transesterification reaction, glycerol in the oil molecule is replaced by methanol. The 

product is thus a mixture of methyl ester of different fatty acids. Glycerol is formed as a 

by-product in this reaction. 

 

After the reaction, the glycerol is separated from the methyl esters. Due to the low 

solubility of the esters, their separation can be accomplished by using a precipitating tank 

or a simple centrifugation. Water is usually added to the reaction mixture to facilitate the 

glycerol separation after the completion of the transesterification. 

 

After the glycerol separation, the mixture of the methyl esters is neutralized and then 

purified to form the final product. Glycerol is recovered as a by-product in a separate 

distillation unit. 

 

1. gen. bio-diesel technology is mature and has been commercialized for decades. 

 

Energy balance 

The following Sankey diagram shows the total energy input and output of the process1. 

The energy balance is based on lower heating value (LHV) of the different input/output 

materials. 

 

Heat input may be produced from natural gas or similar. 

 

Process cooling and heat loss from process equipment surface are major sources for 

process heat loss. Low grade (= low temperature) thermal energy may in certain degree 

be recovered from process cooling. However, utilization of low grade thermal energy is 

usually a cost-benefit issue and determined by local conditions. 
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Data table 

The following table shows some major technological and economic parameters of this 

technology. The conditions are the same as for the energy balance. The plant capital cost 

estimation is based on the assumption that the technology is commercially mature with a 

number of plants in operation. 

 

Technology Bio-diesel by transesterification of vegetable oil 

 2015 2020 2035 2050 Note Ref. 

Technical data       

Typical plant size, t bio-diesel/year 200,000 See sections on scaling and learning A  

Typical plant size, GJ bio-diesel/year 7,460,000 See sections on scaling and learning   

Rapeseed oil consumption, GJ/GJ bio-diesel 1.0 See sections on scaling and learning  1 

Rapeseed oil consumption, t/t bio-diesel 1.0 See sections on scaling and learning   

Methanol consumption, GJ/GJ bio-diesel 0.1 See sections on scaling and learning  1 

Methanol consumption, t/t bio-diesel 0.11 See sections on scaling and learning   

Total energy input, raw materials, GJ/GJ bio-diesel 1.1 See sections on scaling and learning B  

Electricity input, GJ/GJ bio-diesel 0.006 See sections on scaling and learning  1 

Heat (natural gas or similar), GJ/GJ bio-diesel 0.04 See sections on scaling and learning  1 

By-product, glycerol, GJ/GJ bio-diesel 0.05 See sections on scaling and learning  1 

Process energy efficiency, bio-diesel, % 91.0 See sections on scaling and learning   

Total process energy efficiency, bio-diesel + glycerol, % 95.6 See sections on scaling and learning   

       

Economic data       

Capital cost, euro/GJ bio-diesel /year 4.4 See sections on scaling and learning C 1 

O & M, euro/GJ bio-diesel /year 0.13 See sections on scaling and learning D  

 

References 

1. Str. Skarlis, E. Kondili and J.K. Kaldellis. Small-scale biodiesel production economics: 

a case study focus on Crete Island. Journal of Cleaner Production, 20(2012), pp 20-

26 
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Notes 

A. The plant size is assumed based on the plants sizes of existing vegetable oil based 

bio-diesel plants in EU. 

B. Energy input from supporting chemicals of minor amounts is not considered. 

C. The total capital cost include total installed cost (total direct costs) and all indirect 

costs such as engineering, construction, contractor’s fee, contingency and working 

capital.  

D. O&M costs, including labour costs, are calculated as 3 % of investment. Costs for 

main raw materials, administration, insurance and tax are not included. 
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06    Technology data sheet: 1st gen. HVO diesel 

 

 

 

 

 

HVO diesel production by hydrogenation of vegetable oil 
 

Brief technology description 

HVO (hydrotreated vegetable oil) diesel is chemically different from the traditional 

biodiesel produced by transesterification of vegetable oil which is an ester between fatty 

acid and alcohol (usually methanol). HVO diesel is paraffinic and is chemically more close 

to the diesel from petro-refineries. 

 

HVO diesel is usually produced by direct hydrogenation of vegetable oil. The production 

process mainly consists of raw oil pre-treatment, hydrotreatment and product separation. 

The raw oil is usually pretreated with phosphoric acid and caustic soda to remove 

undesired impurities. The cleaned oil is then hydrogenated in the presence of a catalyst. 

The hydrogenation converts the oil which is triglycerides of fatty acid, into the 

corresponding alkanes of fatty acid and glycerol. HVO diesel is obtained after a distillation 

step which separates the light components. This process removes oxygen from the oil (in 

the form of water), which means the produced diesel is not an oxygenate like traditional 

transesterified biodiesel, but a clear and colourless paraffin.  

 

Hydrogen is needed in the production process. Hydrogen may be produced by electrolysis 

of water or by reforming of gases such as nature gas, biogas and syngas from biomass 

gasification. 

 

In the production process a light fuel gas stream is produced mainly by the 

hydrogenation of glycerol. The light fuel gas is usually used as fuel for an attached CHP 

plant for delivering electricity and heat/steam needed for the process as well as a samll 

surplus. 

 

The production technology for HVO diesel is mature and commercially available. 

 

Energy balance 

For the energy balance, the unit for hydrogen supply is not included in consideration of 

the many possible ways of hydrogen supply. The following Sankey diagram shows the 

total energy input and output of the process1. The energy balance is based on lower hea-

ting value (LHV) of the different input/output materials. 

 

Process cooling and heat loss from process equipment surface are major sources for 

process heat loss. Low grade (=low temperature) thermal energy may in certain degree 

be recovered from process cooling. However, utilization of low grade thermal energy is 

usually a cost-benefit issue and determined by local conditions. 

It is estimated that the potential for utilization of process heat loss in this process is very 

limited. 
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Data table 

The following table shows some major technological and economic parameters for the 

production of HVO diesel. The conditions are the same as for the above energy balance. 

 

Technology HVO Diesel by Hydrotreatment of vegetable oil 

 2015 2020 2035 2050 Note Ref. 

Technical data       

Typical plant size, diesel, t/year 800,000 See sections on scaling and learning A  

Typical plant size, diesel, GJ/year 35,200,000 See sections on scaling and learning   

Vegetable oil consumption, GJ/GJ diesel 1.04 See sections on scaling and learning  1 

Vegetable oil consumption, t/t diesel 1.23 See sections on scaling and learning  1,2 

Hydrogen consumption, GJ/GJ diesel 0.09 See sections on scaling and learning  1 

Hydrogen consumption, t/t diesel 0.031 See sections on scaling and learning B 1,2 

Total energy input, raw materials, GJ/GJ diesel 1.13 See sections on scaling and learning C  

By-product, gasoline, GJ/GJ diesel 0.01 See sections on scaling and learning  1 

Available electricity, GJ/GJ diesel 0.003 See sections on scaling and learning  1 

Available heat, GJ/GJ diesel 0.011 See sections on scaling and learning  1 

Process energy efficiency, diesel, % 88.6 See sections on scaling and learning   

Total process energy efficiency, diesel + by-products, % 90.8 See sections on scaling and learning   

       

Economic data       

Capital cost, euro/GJ diesel /year 19.4 See sections on scaling and learning D 2,3 

O & M, euro/GJ diesel /year 0.58 See sections on scaling and learning E  

 

 

References 

1. An Assessment of Energy and Greenhouse Gases of NExBTL. ifeu (Institute for 

Energy and Environmental Research Heidelberg GmbH) report. 2006. 

2. Neste Oil’s answers to questionnaire.  

3. Neste Oil annual report 2009. 
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Notes 

A. The plant size is assumed based on the plants sizes of existing HVO diesel plants in 

the world. 

B. Hydrogen consumption may vary in limited degree depending on vegetable oil types. 

C. Energy input from supporting chemicals of minor amounts is not considered. 

D. The total capital cost include total installed cost (total direct costs) and all indirect 

costs such as engineering, construction, contractor’s fee, contingency and working 

capital.  

E. The annual O&M cost is calculated as 3% of the total capital cost of the plant. Costs 

for main raw materials, administration, insurance and tax are not included. 
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07    Technology data sheet: 2nd gen. bio-diesel 

 

 

 

 

 

Diesel production by BTL technology 
 

Brief technology description 

Diesel can be synthesized by using BTL (biomass to liquid) technology with straw, wood 

or other lignocellulosic biomass as raw materials. The major units in the production pro-

cess include biomass gasification, gas cleaning, gas reforming/shift treatment, Fischer-

Tropsch synthesis, thermal cracking and distillation. 

 

Biomass is first pre-treated (drying, grinding, etc.) and gasified in a gasifier which is 

usually specially designed for the specific biomass type. The gas from the gasification 

unit is subsequently cleaned for acids, particles and other harmful components for down-

stream process. The cleaned gas is adjusted in gas composition to the required values by 

steam reforming or water-gas shift, or both. The produced syngas is then converted to 

long-chained alkanes by Fischer-Tropsch synthesis. To get the desired products, the 

alkanes are further treated with thermal cracking. The final products are obtained 

through distillation of the hydrocarbon mixture from the thermal cracking step.  

 

A power generation unit which utilizes waste heat and combustible waste streams is 

usually included for this kind of plant for providing electricity and heat needed for the 

process. 

 

The process conditions can be adjusted for the production of diesel, kerosene or gasoline 

as the main product. In case of diesel as the main products, the gasoline will be a by-

product. 

 

One of the key processes in this technology is the gasification of biomass. 

 

Gasification of solid fuels is an old and well known technology, especially in the CTL (coal 

to liquid fuels) industry. However, for the gasification of biomass, new developments are 

still needed due to the numerous types of biomass and their widely different physical 

properties. In the past decades, a large number of gasifiers which can cope with different 

types of biomass have been developed in the world. Some of them have now matured 

and got commercial applications in different BTL (biomass to liquid fuels) projects in the 

world. 

 

Gasification of straw has been successfully tested in pilot scale1,2, but has not been 

demonstrated in large commercial scale. Some development efforts will be necessary to 

mature gasification technologies with straw or straw-like materials as the feedstock. 
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Technologies for gas cleaning, reforming, water-gas shift, Fischer-Tropsch synthesis, 

thermal cracking and final product distillation are widely used in CTL and GTL (gas to 

liquid fuels) industries and can be considered commercially mature. 

 

Energy balance 

The following Sankey diagram shows the total energy input and output of the process3. 

The energy balance is made on the basis of straw with 15 % moisture content as the raw 

material. 

 

It is assumed that the process efficiency is the same as with corn stover as the raw 

material (corn stover is used as the raw material in the reference document) because the 

composition of wheat straw is very close to that of corn stover4. For calculations on other 

types of biomass, the data must be adjusted if their composition differs significantly from 

wheat straw or corn stover. 

 

The plant includes also integrated power and heat production unit. For the energy 

balance lower heating value (LHV) of the different materials are used. 

 

Process cooling and heat loss from process equipment surface are major sources for 

process heat loss. Low grade (=low temperature) thermal energy may in certain degree 

be recovered from process cooling. However, utilization of low grade thermal energy is 

usually a cost-benefit issue and determined by local conditions. 

 

It is estimated that 52% of the process heat loss can be directly recovered for district 

heating if heating/cooling and heat production for district heating is integrated in the 

process, which will increase the total energy efficiency of this process to about 80%. 

  

 

 

 

Data table 

The following table shows some major technological and economic parameters of this 

technology. The conditions are the same as for the energy balance. The plant capital cost 

estimation is based on the assumption that the technology is commercially mature with a 

number of plants in operation. 
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Technology Diesel by BTL technology 

 2015 2020 2035 2050 Note Ref. 

Technical data       

Typical plant size, t diesel/year 105,000 See sections on scaling and learning A  

Typical plant size, GJ diesel/year 4,620,000 See sections on scaling and learning   

Straw (15 % moisture) consumption, GJ/GJ diesel 2.5 See sections on scaling and learning  3 

Straw (15 % moisture) consumption, t/t diesel 7.7 See sections on scaling and learning   

Total energy input, raw materials, GJ/GJ diesel 2.5 See sections on scaling and learning B  

Available electricity, GJ/GJ diesel 0.09 See sections on scaling and learning  3 

By-product gasoline, GJ/GJ diesel 0.42 See sections on scaling and learning  3 

Process energy efficiency, diesel, % 39.3 See sections on scaling and learning   

Total process energy efficiency, diesel + by-products + available 
electricity, % 

59.1 See sections on scaling and learning   

Estimated total energy efficiency with utilization of process heat loss 
for district heating  

80 See sections on scaling and learning C  

       

Economic data       

Capital cost, euro/GJ diesel/year 112.9 See sections on scaling and learning D 3,5,6,7 

O & M, euro/GJ diesel/year 3.4 See sections on scaling and learning E 3 

 

References 

1. Straw gasification for co-combustion in large chp-plants. Energi E2 and Foster-

Wheeler, 2001. 

http://cordis.europa.eu/documents/documentlibrary/51761941EN6.pdf. 

2. Review of technology for the gasification of biomass and wastes. E4tech, NNFCC, 

2009. 

http://wiki.gekgasifier.com/f/Review+of+Biomass+Gasification+Technologies.NNFCC

.Jun09.pdf 

3. Ryan M. Swanson, Justinus A. Satrio, and Robert C. Brown, Alexandru Platon and 

David D. Hsu. Techno-Economic Analysis of Biofuels Production Based on 

Gasification. 2010. NREL/TP-6A20-46587 

4. Owens, V.N., Boe, A., Jeranyama, P. and Lee, D. Composition of Herbaceous Biomass 

Feedstocks. Plant Science Department, South Dakota State University. 2007. 

5. Sergey Zinoviev, Franziska Muller-Langer, Piyali Das , Nicolas Bertero. Next-

Generation Biofuels: Survey of Emerging Technologies and Sustainability Issues. 

ChemSusChem, 2010, 3, pp1106 – 1133. 

6. Well-to-Wheels analysis of future automotive fuels and powertrains in the European 

context. March 2007. 

7. VAPO’s annual report 2012.  

http://www.vapo.fi/filebank/1521-Vapo_annual_report_2012.pdf 

 

Notes 

A. The plant size corresponds to a consumption of about 10 % of the total biomass 

potential in Denmark (around 13 mio. tons per year if. the report “+10 mio. tons 

planen”). 

B. Energy input from supporting chemicals of minor amounts is not considered. 

C. Estimate by FORCE Technology. 

http://cordis.europa.eu/documents/documentlibrary/51761941EN6.pdf
http://wiki.gekgasifier.com/f/Review+of+Biomass+Gasification+Technologies.NNFCC.Jun09.pdf
http://wiki.gekgasifier.com/f/Review+of+Biomass+Gasification+Technologies.NNFCC.Jun09.pdf
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D. The total capital cost is estimated on the basis of diesel production alone. The total 

capital cost include total installed cost (total direct costs) and all indirect costs such 

as engineering, construction, contractor’s fee, contingency and working capital. 

E. Labour costs are included. Costs for main raw materials, administration, insurance 

and tax are not included. 
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08    Technology data sheet: Diesel from methanol 

 

 

 

 

 

Diesel production from methanol 

 
Brief technology description 

Diesel can be synthesized by using ExxonMobil’s MOGD (Mobil olefins to gasoline and 

distillate/diesel) technology with methanol as the raw material which may be produced by 

using biomass or other materials. The major units in the production process include MTO 

(methanol to olefins), MOGD and HDT (hydro-treatment). 

 

The raw material methanol is first converted to light olefins through catalytic dehydration 

reaction in the MTO unit. After a separation process, the light olefins are converted to 

gasoline and distillate products through a catalytic process in the subsequent MOGD unit. 

The gasoline and distillate products are separated through a distillation step. The ratio 

between distillate and gasoline can be adjusted from about 8.3 to a very low value 

according to individual needs. For the purpose of diesel production high distillate to 

gasoline ratio is usually used. The obtained distillate is then hydrogenated in the HDT 

unit to get the final diesel product. The process can be used for kerosene production with 

minor or without change in process conditions.  

 

The whole MOGD technology including MTO step has be successfully demonstrated in 70 

days in large commercial scale in the eighties. However, it has not got any commercial 

application yet. 

 

Energy balance 

The following Sankey diagram shows the total energy input and output of the process1,2. 

The energy balance is based on the low heating values (LHV) of the different materials. 

 

Process cooling and heat loss from process equipment surface are major sources for 

process heat loss. Low grade (=low temperature) thermal energy may in certain degree 

be recovered from process cooling. However, utilization of low grade thermal energy is 

usually a cost-benefit issue and determined by local conditions. 

 

It is estimated that the potential for utilization of process heat loss in this process is very 

limited. 
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Data table 

The following table shows some major technological and economic parameters of this 

technology. The conditions are the same as for the above energy balance. The plant 

capital cost estimation is based on the assumption that the technology is commercially 

mature with a number of plants in operation. 

 

Technology Diesel by MOGD technology 

 2015 2020 2035 2050 Note Ref. 

Technical data       

Typical plant size, diesel, t/year 120,000 See sections on scaling and learning A  

Typical plant size, diesel, GJ/year 5,280,000 See sections on scaling and learning   

Methanol consumption, GJ/GJ diesel 1.2 See sections on scaling and learning  1 

Methanol consumption, t/t diesel 2.7 See sections on scaling and learning   

Hydrogen consumption, GJ/GJ diesel  0.004 See sections on scaling and learning  2 

Hydrogen consumption, t/t diesel 0.0014 See sections on scaling and learning   

Butane consumption, GJ/GJ diesel 0.02 See sections on scaling and learning  2 

Butane consumption, t/t diesel 0.015 See sections on scaling and learning   

Total energy input, raw materials, GJ/GJ diesel 1.2 See sections on scaling and learning B  

Electricity input, GJ/GJ diesel 0.006 See sections on scaling and learning  2 

Heat input, GJ/GJ diesel 0.04 See sections on scaling and learning  2 

By-product, gasoline, GJ/GJ diesel 0.12 See sections on scaling and learning  1 

By-product, LPG, GJ/GJ diesel 0.06 See sections on scaling and learning  1 

Process energy efficiency, diesel, % 77.5 See sections on scaling and learning   

Total process energy efficiency, diesel + by-products, %  91.1 See sections on scaling and learning   

       

Economic data       

Capital cost, euro/GJ diesel /year 21.9 See sections on scaling and learning C 2 

O & M, euro/GJ diesel /year 0.66 See sections on scaling and learning D 2 

 

 

References 

1. S. A. Tabak, A. A. Avidan and F . J. Krambeck. Production of synthetic gasoline and 

diesel fuel from non-petroleum resources. Mobil Research and Development 
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Corporation Research Department Paulsboro Laboratory, Paulsboro, New Jersey 

08066. 

2. A.V. Bridgwater and J. M. Double. Technical and economic modelling of processes for 

liquid fuel production in Europe. Commission of the European Communities. 1991. 

ISBN 92-826-2993-7. 

 

Notes 

A. The plant size corresponds to methanol consumption of about 300,000 t/y. 

B. Energy input from supporting chemicals of minor amounts is not considered. 

C. The total capital cost is estimated on the basis of diesel production alone. The total 

capital cost include total installed cost (total direct costs) and all indirect costs such 

as engineering, construction, contractor’s fee, contingency and working capital. 

D. O&M costs, including labour costs, are calculated as 3 % of investment. Costs for 

main raw materials, administration, insurance and tax are not included. 
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09    Technology data sheet: Bio-DME 

 

 

 

 

 

DME production by BTL technology 
 

Brief technology description 

DME can be synthesized by using lignocellulosic biomass such as straw, wood, corn 

stover, etc. as start material. Biomass is first pre-treated (drying, grinding, etc.) and 

gasified in a gasifier which is usually specially designed for the specific biomass type. The 

gas from the gasification step is subsequently converted to syngas through a thermal 

reforming process. The produced syngas is then cleaned and converted to methanol 

through a catalytic synthesis process. The formed methanol is then converted to DME 

through a dehydration step. The synthesis of methanol and the subsequent dehydration 

may be combined in one step. The final DME product is produced after a final purification 

step. An integrated unit for power and heat generation supplies the whole production 

process for power and steam or heat.  

 

One of the key processes in this technology is the gasification of biomass. 

 

Gasification of solid fuels is an old and well known technology, especially in the CTL (coal 

to liquid fuels) industry. However, for the gasification of biomass, new developments are 

still needed due to the numerous types of biomass and their widely different physical 

properties. In the past decades, a large number of gasifiers which can cope with different 

types of biomass have been developed in the world. Some of them have now matured 

and got commercial applications in different BTL (biomass to liquid fuels) projects in the 

world. 

 

The reforming, methanol synthesis, dehydration and final product purification are widely 

used in CTL and GTL (gas to liquid fuels) industries and can be considered commercially 

mature technologies. 

 

Energy balance 

The following Sankey diagram shows the total energy input and output of the process1, 2. 

The energy balance is based on wood with 50 % moisture content as the raw material. 

For using other types of biomass, the data need to be adjusted according to the 

properties (such as heat value and composition) of the used biomass. 

 

The plant includes also integrated power and heat production unit which supplies the 

process energy required. Fuel consumption for this is included in the total energy 

balance. For the energy balance lower heating value (LHV) of the different materials are 

used. 

 

Process cooling and heat loss from process equipment surface are major sources for 

process heat loss. Low grade (=low temperature) thermal energy may in certain degree 
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be recovered from process cooling. However, utilization of low grade thermal energy is 

usually a cost-benefit issue and determined by local conditions. 

 

According to Weel and Sandvig3, a total energy efficiency (on LHV basis) of about 88 % 

can be achieved for methanol production based on biomass gasification when integrated 

process cooling and heating are implemented and the integrated CHP plant is optimized 

for heat production for district heating. The result is considered applicable for DME 

production as well. This means that about 75 % of the process heat loss can be utilized 

directly as heat for district heating purpose. 

  

 
 

 

Data table 

The following table shows some major technological and economic parameters of this 

technology. The conditions are the same as for the energy balance. The plant capital cost 

estimation is based on the assumption that the technology is commercially mature with a 

number of plants in operation. 

 

Technology DME by BTL technology 

 2015 2020 2035 2050 Note Ref. 

Technical data       

Typical plant size, t DME/year 220,000 See sections on scaling and learning A  

Typical plant size, GJ DME/year 6,248,000 See sections on scaling and learning   

Wood (50 % moisture) consumption, GJ/GJ DME 1.9 See sections on scaling and learning B 1 

Wood (50 % moisture) consumption, t/t DME 6.7 See sections on scaling and learning   

Total energy input, raw materials, GJ/GJ DME 1.9 See sections on scaling and learning C  

Process energy efficiency, DME, % 53.2 See sections on scaling and learning   

Total process energy efficiency, % 53.2 See sections on scaling and learning   

Estimated total energy efficiency with utilization of process 
heat loss for district heating  

88 See sections on scaling and learning  3 

       

Economic data       

Capital cost, euro/GJ DME/year 43.7 See sections on scaling and learning D 1,2,4,5 

O & M, euro/GJ DME/year 1.3 See sections on scaling and learning E  
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Notes 

A. The plant size is assumed based on the biomass input for a 300,000 t/y BTL 

methanol plant which corresponds to a consumption of about 10 % of the total 

biomass potential in Denmark (around 13 mio. tons per year, if. the report “+10 mio. 

tons planen”). 

B. An estimated loss of 2 % in the conversion from methanol to DME is included in the 

figure. 

C. Energy input from supporting chemicals of minor amounts is not considered. 

D. The total capital cost is estimated on the basis of the total capital cost for the 

corresponding BTL methanol plant plus 30 % for the extra step for the conversion of 

methanol to DME. The total capital cost include total installed cost (total direct costs) 

and all indirect costs such as engineering, construction, contractor’s fee, contingency 

and working capital. 

E. O&M costs, including labour costs, are calculated as 3 % of investment. Costs for 

main raw materials, administration, insurance and tax are not included. 
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10    Technology data sheet: BioSNG 

 

 

 

 

 

Synthetic natural gas production from syngas 
 

Brief technology description 

BioSNG is an acronym for biologically based synthetic natural gas. BioSNG is identical to 

traditional natural gas and it is synthesized from cleaned product gas from thermal 

gasification of solid biomass. Production of BioSNG is pursued to replace fossil fuels by 

biomass either in order to replace natural gas while maintaining the, mostly, existing 

natural gas infrastructure (and thus providing a green alternative to balance a large share 

of solar and wind generation capacity) or to replace fossil fuels in the transport sector. 

 

The main processes are conversion of lignocellulosic biomass such as straw, wood, corn 

stover, etc. in a gasifier, cleaning of the gas and methanation of the gas. The overall 

energy efficiency from solid fuel to BioSNG ranges between 2/3 and 3/4. Calculations 

show that BioSNG for transport gives a high km/ha rate compared to other green 

transport fuel alternatives. 

 

Sweden is making the largest effort to build plants, the primary being the GOBIGAS plant 

in Gothenburg that will generate BioSNG by feeding pelletized forest residues into a gasi-

fier developed by TU Wien and methanising the cleaned product gas with Haldor Topsøe 

technology. 

 

Energy balance 

The Sankey diagram below shows the total energy input and output balance for the 

technology from the case of the GOBIGAS plant. The energy balance is based on input of 

wood pellets, which is the fuel chosen for the demonstration plant (phase 1) in 

Gothenburg. See note B under data table for process economy improvement options 

when switching from wood pellet to wood chips. For using other types of biomass, the 

data need to be adjusted according to the properties (such as heat value and 

composition) of the used biomass. 

 

Process cooling and heat loss from process equipment surface are major sources for 

process heat loss. Low grade (=low temperature) thermal energy may in certain degree 

be recovered from process cooling. However, utilization of low grade thermal energy is 

usually a cost-benefit issue and determined by local conditions. By using a heat pump, 

about 58% of the process heat loss can be recovered for district heating. The total 

energy efficiency can thus be increased to about 88 %.  
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Data table 

The following table shows some major technological and economic parameters of a 

BioSNG technology. The data are based on input of wood pellets. 

 

Technology BioSNG 

  2015 2020 2035 2050 Note Ref. 

Technical data         
  

Typical plant size, 1000 Nm3 BioSNG/year 75,000 See sections on scaling and learning A 1 

Typical plant size, GJ BioSNG/year 2,970,000 See sections on scaling and learning 
  

Wood pellets consumption, GJ/GJ SNG 1.60 See sections on scaling and learning B 2 

Wood pellets consumption, t/1000 Nm3 SNG 3.6 See sections on scaling and learning 
  

RME consumption, GJ/GJ SNG 0.025 See sections on scaling and learning 
 

2 

RME consumption, t/1000 Nm3 SNG 0.026 See sections on scaling and learning 
  

Total energy input, raw materials, GJ/GJ SNG 1.63 See sections on scaling and learning 
  

Electricity input, GJ/GJ SNG 0.15 See sections on scaling and learning 
 

2 

Available heat for district heating, GJ/GJ SNG 0.25 See sections on scaling and learning 
 

2 

Process energy efficiency, BioSNG, % 56.3 See sections on scaling and learning 
  

Total process energy efficiency, % 56.3 See sections on scaling and learning 
  

Estimated total energy efficiency with utilization of process 
heat loss for district heating 

88 See sections on scaling and learning C 
 

          
  

Economic data             

Capital cost, euro/GJ SNG/year 118 See sections on scaling and learning B, D 3 

O & M (excl. feed stock & el.), euro/GJ SNG/year 3,5 See sections on scaling and learning     

 

References 

1. Status and future of bioSNG in Europe, IEA-Bioenergy conference, Vienna, November 

2012, Bram van der Drift (ECN, Netherlands), Serge Biollaz (PSI, Switzerland), Lars 

Waldheim (WAC, Sweden), Reinhard Rauch (TUV, Austria), Chris Manson-Whitton 

(Progressive Energy, UK) 

2. Country Report Sweden 2012, IEA Task 33 Meeting, Istanbul, Turkey, May 2012, Lars 

Waldheim, Waldheim Consulting, Sweden 

3. Hemställan från Göteborg Energi AB om byggnation av "GoBiGas etapp 1", Göteborgs 

Stad, Handling 2012 nr 43 
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4. Country Update Sweden, IEA Task 33 Meeting, Wien, Austria, November 2012, Lars 

Waldheim, Waldheim Consulting, Sweden 

5. BioSNG. Feasibility study. Establishment of a Regional Project. Progressive Energy & 

CNG Services  

Notes 

A. The indicated plant size in 2015 is 5 times the actual size to be built in phase I of the 

GOBIGAS project. This is an indication for a commercially viable plant size, however 

for 2015 a realistic plant size is the GOBIGAS I size. 

B. Phase 2 of the Gothenburg project (5 times the capacity of phase 1) is planned for 

chipped and dried forest residues as primary input fuel. Reliable data for the energy 

balance for this phase is not available yet. 

C. Ref. 2 indicates a possible total energy efficiency of about 88 % for future plants. 

This requires that the low temperature heat (see Sankey diagram) is utilized for 

district heating through a heat pump. 

D. The plant cost for the 2015 plant originates from the revised budget of 1.4 billion SEK 

for phase I of the GOBIGAS plant - this is twice the amount from the original budget. 

For the larger plant capacity shown, upscaling was done by a factor 5 with a 

standard proportionality factor for investment scaling 0.7. 
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11    Technology data sheet: 2nd gen. bio-kerosene 

 

 

 

 

 

Kerosene production by BTL technology 
 

Brief technology description 

Kerosene can be synthesized by using BTL (biomass to liquid) technology with straw, 

wood or other lignocellulosic biomass as raw materials. The major units in the production 

process include biomass gasification, gas cleaning, gas reforming/shift treatment, 

Fischer-Tropsch synthesis, thermal cracking and distillation, which is the same as for BTL 

biodiesel production. 

 

Biomass is first pre-treated (drying, grinding, etc.) and gasified in a gasifier which is 

usually specially designed for the specific biomass type. The gas from the gasification 

unit is subsequently cleaned for acids, particles and other harmful components for down-

stream process. The cleaned gas is adjusted in gas composition to the required values by 

steam reforming or water-gas shift, or both. The produced syngas is then converted to 

long-chained alkanes by Fischer-Tropsch synthesis. To get the desired products, the 

alkanes are further treated with thermal cracking. The final products are obtained 

through distillation of the hydrocarbon mixture from the thermal cracking step.  

 

A power generation unit which utilizes waste heat and combustible waste streams is 

usually included for this kind of plant for providing electricity and heat needed for the 

process. 

 

The process conditions can be adjusted for the production of diesel, kerosene or gasoline 

as the main product. In case of kerosene as the main products, the gasoline will be a by-

product. 

 

One of the key processes in this technology is the gasification of biomass. 

 

Gasification of solid fuels is an old and well known technology, especially in the CTL (coal 

to liquid fuels) industry. However, for the gasification of biomass, new developments are 

still needed due to the numerous types of biomass and their widely different physical 

properties. In the past decades, a large number of gasifiers which can cope with different 

types of biomass have been developed in the world. Some of them have now matured 

and got commercial applications in different BTL (biomass to liquid fuels) projects in the 

world. 

 

Technologies for gas cleaning, reforming, water-gas shift, Fischer-Tropsch synthesis, 

thermal cracking and final product distillation are widely used in CTL and GTL (gas to 

liquid fuels) industries and can be considered commercially mature. 
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Energy balance 

The following Sankey diagram shows the total energy input and output of the process. 

The energy balance is made on the basis of straw with 15 % moisture content as the raw 

material, and is based on the techno and economic data for diesel production by BTL 

technology1. 

 

It is assumed that the process efficiency is the same as with corn stover as the raw 

material (corn stover is used as the raw material in the reference document) because the 

composition of wheat straw is very close to that of corn stover2. For using other types of 

biomass, the data must be adjusted if their composition differs significantly from wheat 

straw or corn stover. It is further assumed that the yield of kerosene is the same as the 

yield of diesel when the process is in kerosene production mode as presented in the 

source document1 and the energy balance is not changed noticeably, either. 

 

The plant includes also integrated power and heat production unit. For the energy 

balance lower heating value (LHV) of the different materials are used. 

 

The mass and energy balances for kerosene production are assumed to be the same as 

for diesel production with the same technology. The energy balances and cost data in 

this datasheet are therefore the same as in the data sheet for biodiesel by BTL 

technology (07). 

 

Process cooling and heat loss from process equipment surface are major sources for pro-

cess heat loss. Low grade (=low temperature) thermal energy may in certain degree be 

recovered from process cooling. However, utilization of low grade thermal energy is 

usually a cost-benefit issue and determined by local conditions. It is estimated that 52% 

of the process heat loss can be directly recovered for district heating if heating/cooling 

and heat production for district heating is integrated in the process, which will increase 

the total energy efficiency of this process to about 80%. 

  

 

 
 

Data table 

The following table shows some major technological and economic parameters of this 

technology. The conditions are the same as for the energy balance. The plant capital cost 

estimation is based on the assumption that the technology is commercially mature with a 

number of plants in operation. 
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Technology Kerosene by BTL technology 

 2015 2020 2035 2050 Note Ref. 

Technical data       

Typical plant size, t kerosene/year 105,000 See sections on scaling and learning A  

Typical plant size, GJ kerosene/year 4,620,000 See sections on scaling and learning   

Straw (15 % moisture) consumption, GJ/GJ kerosene 2.5 See sections on scaling and learning  1 

Straw (15 % moisture) consumption, t/t kerosene 7.7 See sections on scaling and learning   

Total energy input, raw materials, GJ/GJ kerosene 2.5 See sections on scaling and learning B  

Available electricity, GJ/GJ kerosene 0.09 See sections on scaling and learning  1 

By-product gasoline, GJ/GJ kerosene 0.42 See sections on scaling and learning  1 

Process energy efficiency, kerosene, % 39.3 See sections on scaling and learning   

Process energy efficiency, kerosene + by-products, % 59.1 See sections on scaling and learning   

Estimated total energy efficiency with utilization of process heat 
loss for district heating  

80 See sections on scaling and learning C  

       

Economic data       

Capital cost, euro/GJ kerosene /year 113.9 See sections on scaling and learning D 1,3,4,5 

O & M, euro/GJ kerosene /year 3.4 See sections on scaling and learning E 1 

 

 

References 

1. Ryan M. Swanson, Justinus A. Satrio, and Robert C. Brown, Alexandru Platon and 

David D. Hsu. Techno-Economic Analysis of Biofuels Production Based on 

Gasification. 2010. NREL/TP-6A20-46587 

2. Owens, V.N., Boe, A., Jeranyama, P. and Lee, D. Composition of Herbaceous Biomass 

Feedstocks. Plant Science Department, South Dakota State University. 2007. 

3. Sergey Zinoviev, Franziska Muller-Langer, Piyali Das , Nicolas Bertero. Next-Genera-

tion Biofuels: Survey of Emerging Technologies and Sustainability Issues. ChemSus-

Chem, 2010, 3, pp1106 – 1133. 

4. Well-to-Wheels analysis of future automotive fuels and powertrains in the European 

context. March 2007. 

5. VAPO’s annual report 2012.  

http://www.vapo.fi/filebank/1521-Vapo_annual_report_2012.pdf 

 

Notes 

A. The plant size corresponds to a consumption of about 10 % of the total biomass 

potential in Denmark (around 13 mio. tons per year if. the report “+10 mio. tons 

planen”). 

B. Energy input from supporting chemicals of minor amounts is not considered. 

C. Estimate by FORCE Technology 

D. The total capital cost is estimated on the basis of kerosene production alone. It is 

assumed that the capital cost is the same as for the 2. generation biodiesel plant 

(see data sheet no. 07) with the same production capacity. The total capital cost 

include total installed cost (total direct costs) and all indirect costs such as 

engineering, construction, contractor’s fee, contingency and working capital. 

E. Labour costs are included. Costs for main raw materials, administration, insurance 

and tax are not included.  
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12    Technology data sheet: Torrefied wood pellets 

 

 

 

 

 

Torrefaction and pelletization of woody biomass 
 

Brief technology description 

Torrefaction of wood is a thermal treatment process by which the properties of wood are 

improved compared to a fuel based on untreated wood. The aim is to enable utilization of 

large quantities wood fuels, primarily in the utility sector. The improved properties reduce 

the transportation costs and make the wood fuel more comparable with coal. They 

comprise: 

 

 higher heating value that helps maintaining the same plant capacity as on 

coal 

 improved grindability that helps reduce the need for investment in new 

grinders 

 higher bulk energy density that helps reduce transportation and storage 

costs 

 increased hydrophobicity that eliminates the need and costs for covered 

storage and handling 

The wood to be torrefied is heated to a temperature of 250-350°C in a low oxygen 

atmosphere - it is roasted. All moisture as well as a fraction of the volatile matter of the 

dry wood is removed during the process. The energy contained in the released volatiles 

should ideally be equal to the heating requirements of the process, so that a thermal 

efficiency exceeding 95 % can be achieved. The result of the process is a substantial 

weight loss and a relatively smaller loss of calorific content as the heating value of 

processed wood per mass unit increases in the process. 

 

The product, here referred to as TWP, Torrefied Wood Pellets, is a black or brownish 

pellet product, handled in bulk as ordinary wood pellets. It has a higher heating value, 

but can substitute wood pellets in most applications. Its main advantages are lower 

transport costs for energy, and the brittleness of the products, which makes it a feasible 

substitution for fossil coal in coal mills and dust burners in large pulverized fuel power 

plants. 

 

Torrefaction technologies for wood have been under rapid development the past 5 years 

due to the promising characteristics of the torrefied fuel. Currently, around 50 initiatives 

in Europe and Northern America are demonstrating different torrefaction technologies. It 

has yet to be shown which of the technologies that will be able to generate a product 

that keeps the promises at a competitive price. The challenge includes up-scaling while 

maintaining the required quality and without compromising safety which is mainly 

connected to self-ignition. 
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Energy balance 

The following Sankey diagram shows the total energy input and output of the torrefaction 

process used by Dutch Topell. The energy balance is based on wood chips with a content 

of 50 % moisture and 0.5 % ash (w.b.). 

 

Process cooling and heat loss from process equipment surface are major sources for pro-

cess heat loss. Low grade (=low temperature) thermal energy may in certain degree be 

recovered from process cooling. However, utilization of low grade thermal energy is 

usually a cost-benefit issue and determined by local conditions. In this case, the process 

heat loss is relatively low. Further recovering of the process heat loss is not considered 

here. 

 

 
 

 

Data table 

The following table shows major technological and economic parameters of the 

torrefaction technology. The data are based on wood chips with a content of 50 % 

moisture and 0.5 % ash (w.b.) as raw material. 

 

Technology Torrefied wood pellets (TWP) 

  2015 2020 2035 2050 Note Ref. 

Technical data         
  

Typical plant size, t TWP/year 100,000 See sections on scaling and learning A 1 

Typical plant size, GJ TWP/year 2,170,000 See sections on scaling and learning 
  

Wood chips (50% moisture) consumption, GJ/GJ TWP 1.034 See sections on scaling and learning 
 

1 

Wood chips (50% moisture) consumption, t/t TWP 2.7 See sections on scaling and learning 
  

Total energy input, raw materials, GJ/GJ TWP 1.034 See sections on scaling and learning 
  

Electricity input, GJ/GJ TWP 0.044 See sections on scaling and learning 
 

1 

Process energy efficiency, TWP, % 92.8 See sections on scaling and learning 
  

Total process energy efficiency, % 92.8 See sections on scaling and learning 
  

          
  

Economic data             

Capital cost, euro/GJ TWP/year 10.4 See sections on scaling and learning 
 

1 

O & M (excl. feedstock & el.), euro/GJ TWP/year 0.73 See sections on scaling and learning 
 

1 
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References 

1. Status overview of torrefaction technologies, final report, IEA Bioenergy Task 32 

report, Procede Biomass B.V., Enschede, Netherlands, December 2012. 

 

Notes 

A. Typical plant size estimated from statements from Topell and IEA Bioenergy Task 40, 

that for economic viability, a commercial torrefaction plant should be designed for at 

production of at least 5-10 t/hour. 

  



 

Technology data for advanced bioenergy fuels 

 

 

Page 61 

 

13    Technology data sheet: Bio-liquid 

 

 

 

 

 

Bio-liquid production by REnescience technology 
 

Brief technology description 

REnescience is a technology developed by Dong Energy for pre-treatment of MSW 

(municipal solid waste) for biogas production. In the REnescience process, organic 

materials in the MSW is converted into an organic liquid phase (the bio-liquid) which after 

separation from the remaining solid materials is used for biogas production.  

 

REnescience process usually consists of units such as liquefaction, enzymatic treatment, 

liquid-solid separation and solid sorting. MSW is first liquefied by addition of water and 

heated up to the required temperature for the subsequent enzymatic treatment. In the 

unit for enzymatic treatment, a special enzyme is added into the liquefied MSW. The 

organic materials are digested through enzymatic actions and become a part of the liquid 

phase. The liquid phase - the bio-liquid is then separated from the remaining indigestible 

solid fraction in the liquid-solid separation unit and sent out for biogas production. The 

solid fraction consists of materials such as glass, metals, plastics, textiles fibres and inert 

material. In the solid sorting unit the solid fraction is sorted for recycling. 

 

The REnescience technology has been demonstrated in a pilot plant in Amager-

forbrænding with a treating capacity of 800 kg/hr. No large commercial plant has been 

built. 

 

Energy balance 

The following Sankey diagram shows the total energy input and output of the process. 

The energy balance is made on the basis of the biogas which can be produced from the 

obtained bio-liquid in a biogas plant (here after defined as the equivalent methane). For 

the energy balance lower heating value (LHV) of the different materials are used. The 

process energy consumption data are delivered by DONG Energy. 

 

LHV of the raw material MSW is assumed to be 10.5 GJ/t. In the REnescience process, a 

residue consisting of indigestible materials in the MSW (here after defined as RDF (refuse 

derived fuels)) is produced. It is assumed the RDF consists of 70 % solids. This solid is 

assumed to have a LHV of about 19 GJ/t (based on the assumption that the RDF consists 

of 70% plastics and 30% inert materials). The calculated energy output from the RDF 

has relatively large uncertainty because of the uncertain estimation of the LHV of the 

RDF. It is also expected that a residue will be produced when the bio-liquid is used for 

biogas production. It is not possible to estimate the energy content of this part of residue 

because of lack of data. So, the figures for the energy output from the RDF, the process 

heat loss and the total process energy efficiency (in the following table) should be 

corrected if the relevant data are available. 
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Data table 

The following table shows some major technological and economic parameters of this 

technology. The conditions are the same as for the energy balance. 

 

Technology Bio-liquid by REnescience technology 

 2015 2020 2035 2050 Note Ref. 

Technical data       

Typical plant size, bio-liquid, t/year 136,000 See sections on scaling and learning A  

Typical plant size, eq. methane, GJ/year 229,813 See sections on scaling and learning B 1 

Waste (MSW) consumption. GJ/GJ eq. methane 3.7 See sections on scaling and learning C  

Waste (MSW) consumption. t/GJ eq. methane 0.35 See sections on scaling and learning   

Total energy input. raw materials. GJ/GJ eq. methane 3.7 See sections on scaling and learning   

Electricity input. GJ/GJ eq. methane 0.03 See sections on scaling and learning C  

Heat input. GJ/GJ eq. methane  0.23 See sections on scaling and learning C  

By-product. RDF. GJ/GJ eq. methane 2.0 See sections on scaling and learning C  

Process energy efficiency. eq. methane% 25.6 See sections on scaling and learning D  

Total process energy efficiency, eq. methane + byproduct, %  76.0 See sections on scaling and learning   

       

Economic data       

Capital cost. euro/GJ eq. methane/year 116.8 See sections on scaling and learning E  

O & M. euro/GJ eq. methane/year 5.84 See sections on scaling and learning F  

 

References 

1. http://www.energinet.dk/SiteCollectionDocuments/Danske%20dokumenter/Gas/K_Ge

org%20%C3%98rnskov_REnescience.pdf (DONG Energy presentation) 

 

Notes 

A. The plant size corresponds to a MSW processing capacity of 80000 t/year and a bio-

liquid yield of 1.7 t bio-liquid/t MSW (as received) (according to data delivered by 

DONG Energy). 

B. The eq. methane is the methane which can be produced in a biogas plant with the 

bio-liquid as the raw material. It is assumed that the VS (volatile solid) content in the 

http://www.energinet.dk/SiteCollectionDocuments/Danske%20dokumenter/Gas/K_Georg%20%C3%98rnskov_REnescience.pdf%20(DONG%20Energy%20presentation)
http://www.energinet.dk/SiteCollectionDocuments/Danske%20dokumenter/Gas/K_Georg%20%C3%98rnskov_REnescience.pdf%20(DONG%20Energy%20presentation)
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bio-liquid is 14 (w) % (according to data delivered by DONG Energy) and that the 

methane potential is 340 ml/g VS (according to ref. 1). 

C. Calculated according to data delivered by DONG Energy. 

D. Energy inputs from biogas plant and supporting chemicals of minor amounts are not 

considered. 

E. Estimate according to DONG Energy; represents a transition phase after 

demonstration, close to commercial. The total capital cost include total installed cost 

(total direct costs) and all indirect costs such as engineering, construction, 

contractor’s fee, contingency and working capital for the REnescience plant. Total 

plant cost for biogas plant is not included.  

F. O&M costs, including labour costs, are calculated as 5 % of investment. Costs for 

main raw materials, administration, insurance and tax are not included. 
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14    Technology data sheet: 2nd g. bio-ethanol – Inbicon 

 

 

 

 

 

Ethanol production by Inbicon 2nd generation 

fermentation technology 
 

Brief technology description 

The Inbicon 2nd generation fermentation technology is developed by Danish companies 

based on the idea of bio-refinery. The technology uses wheat straw as raw material, but 

can also be adapted to other types of lignocellulosic biomass such as corn stover, barley, 

rice straw and bagasse. The process usually consists of units such as raw material prepa-

ration, hydro-thermal and enzymatic pre-treatment, fermentation, product purification 

and waste water treatment. 

 

In the raw material preparation, the biomass is cut or grinded to the size suitable for 

downstream processing. The prepared biomass is then pretreated first hydro-thermally at 

elevated temperature and pressure and then enzymatically to convert the cellulosic part 

of the biomass into sugars (both glucose - C6 sugar and xylose/arabinose - C5 sugars) 

(the so-called saccharification step). Following the pre-treatment, fermentation takes 

place by using yeast, which converts the C6 sugars into ethanol. The final ethanol pro-

duct is obtained by distillation. 

 

The process produces a number of by-products such as lignin which is the unfermentable 

part of the biomass, molasses which consists of mainly C5 sugars and biogas from the 

waste water treatment. Lignin and biogas can be used for energy production, while 

molasses can be used as animal feed or for energy purpose. 

 

The Inbicon system is a proprietary technology, currently demonstrated in a 4300 t 

ethanol/year plant near Kalundborg, Denmark. Data in this sheet is from the technology 

owner. 

 

Please refer also to Technology data sheet 04 for data on a to some extent comparable 

technology, which includes the fermentation of C5-sugars. 

 

Energy balance 

The Sankey diagram shows the total energy input and output of the process. The energy 

balance is shown on the basis of straw with 15 % moisture content as the raw material. 

For the energy balance lower heating value (LHV) of the different materials are used. For 

lignin1 and molasses2, a LHV on dry basis of 24.0 GJ/t and 15.0 GJ/t respectively are 

used. 

 

Process cooling and heat loss from process equipment surface are major sources for pro-

cess heat loss. Low grade (=low temperature) thermal energy may in certain degree be 



 

Technology data for advanced bioenergy fuels 

 

 

Page 65 

 

recovered from process cooling. However, utilization of low grade thermal energy is 

usually a cost-benefit issue and determined by local conditions. For this process, about 

70% of the process heat loss can be recovered directly by integrating district heating 

production in this process, which increases the total energy efficiency to about 96%. 

 

 
 

 

Data table 

The following table shows some major technological and economic parameters of the 

technology. The conditions are the same as for the energy balance. 

 

Technology Ethanol by Inbicon 2. generation fermentation 

 2015 2020 2035 2050 Note Ref. 

Technical data       

Typical plant size, t ethanol/year 58000 See sections on scaling and learning A  

Typical plant size, GJ ethanol/year 1554400 See sections on scaling and learning   

Straw (15 % water) consumption, GJ/GJ ethanol 3.7 See sections on scaling and learning   

Straw (15 % water) consumption, t/t ethanol 6.9 See sections on scaling and learning A  

Total energy input, raw materials, GJ/GJ ethanol 3.7 See sections on scaling and learning   

Electricity input, GJ/GJ ethanol 0.15 See sections on scaling and learning A  

Heat (steam) input, GJ/GJ ethanol 0.52 See sections on scaling and learning A  

By-product, lignin (10% moisture), GJ/GJ ethanol 1.7 See sections on scaling and learning   

By-product, lignin (10% moisture), t/t ethanol 2.1 See sections on scaling and learning A  

By-product, molasses (35% moisture), GJ/GJ ethanol 1.0 See sections on scaling and learning   

By-product, molasses (35% moisture), t/t ethanol 3.1 See sections on scaling and learning A  

By-product, biogas (65% methane), GJ/GJ ethanol 0.086 See sections on scaling and learning   

By-product, biogas (65% methane), Nm3/t ethanol 98.2 See sections on scaling and learning A  

Available heat (district heating), GJ/GJ ethanol 0.43 See sections on scaling and learning A  

Process energy efficiency, ethanol, % 22.7 See sections on scaling and learning   

Total process energy efficiency, ethanol + all by-products, % 85.6 See sections on scaling and learning   

Estimated total energy efficiency, ethanol + all by-products + district 
heating, % 

95.7 See sections on scaling and learning   

       

Economic data       

Capital cost, euro/GJ ethanol /year 164.7 See sections on scaling and learning A, B  

O&M, euro/GJ ethanol /year 23.1 See sections on scaling and learning A, C  
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References 

1. Humbird, R. Davis, L. Tao, C. Kinchin, D. Hsu, and A. Aden. Process Design and 

Economics for Biochemical Conversion of Lignocellulosic Biomass to Ethanol. 2011. 

NREL/TP-5100-47764. 
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Notes 

A. Plant data and future plant size are delivered by Måbjerg Energy Concept I/S.  

B. The total capital cost include total installed cost (total direct costs) and all indirect 

costs such as engineering, construction, contractor’s fee, contingency and working 

capital. 

C. Labour costs are included. Costs for main raw materials, administration, insurance 

and tax are not included. 

 

  

http://www.saacke.com/fileadmin/Media/Documents/pdfs/EN/Brochures/0-0750-0020-02_Ansicht.pdf
http://www.saacke.com/fileadmin/Media/Documents/pdfs/EN/Brochures/0-0750-0020-02_Ansicht.pdf
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15    Technology data sheet: Maabjerg Energy Concept 

 

 

 

 

 

Energy and fuel production by Maabjerg Energy Concept 

bio-refinery 
 

Brief technology description 

The Maabjerg Energy Concept bio-refinery is a concept for production of power, district 

heating, liquid fuels and other products by combining various technologies such as biogas 

production, bioethanol production, waste treatment and power production for achieving 

high energy and resource effectiveness. The concept merges several energy supply 

objectives in a holistic system concept, where the synergy between the individual 

solutions is optimized through the utilization and alignment of energy streams between 

the individual plants. The concept satisfies several aims: it produces power and heat, 

biogas and transport fuel, and uses the remaining nutrients as fertilizer. 

 

The combined system is dimensioned so that the local heating market can take the whole 

heat load from the plant, without energy being lost to additional cooling. The district 

heating system acts as a cooling medium for the steam required to produce ethanol. The 

extent of ethanol production and the amount of raw materials needed is therefore based 

on the district heating system's base load. The residues from the bioethanol production, 

which consists of lignin and molasses, is used for energy production - lignin is used to 

produce steam (and electricity) in the CHP plant, and molasses is used in the biogas plant 

to produce biogas. 

 

In addition to straw and other lignocellulosic biomass, the local household waste is also 

used as the raw material for the CHP plant. The electricity generated in the CHP plant 

provides part of the electricity consumption in the involved plant components. The heat 

produced in the CHP plant is used for process heating as well as for district heating.  

 

The project's liquid fraction is used as fertilizer in agriculture. In the same way, the plant 

that harnesses the energy in the fibre from the biogas plant and the lignin from the 

ethanol production is designed so that the nutrients in the fibre and lignin are collected 

and utilized. In particular, using the phosphorus is essential, because its large and global 

significance. 

 

Data in this sheet is from the technology owner. 

 

Energy balance 

The following Sankey diagram shows the total energy input and output (output is the to-

tal of biogas and ethanol production) of the process. 
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For the energy balance, the lower heating value (LHV) of the different materials is used. 

For the biogas plant, an effective LHV of animal manure (≈ (LHV of input animal manure 

– LHV of degassed animal manure) ≈ LHV of produced biogas) is used to evaluate the 

energy balance because the obvious lack of a meaningful LHV of the liquid raw material. 

Biogas potential from animal manure is assumed to be 30 Nm3/ton 1. For the bioethanol 

plant the energy balance is made on the basis of straw with 15 % moisture content as 

the raw material. For the CHP plant, the waste is assumed to have an average LHV of 

about 11 GJ/t. 

 

Process cooling and heat loss from process equipment surface are major sources for pro-

cess heat loss. Low grade (= low temperature) thermal energy may in certain degree be 

recovered from process cooling. However, utilization of low grade thermal energy is 

usually a cost-benefit issue and determined by local conditions. With the integrated 

power and heat production in this bio-refinery process, about 0.65 GJ district heating can 

be produced per GJ produced fuel (biogas plus ethanol). This is about 98% of the 

process heat loss. This means that the total energy efficiency of the bio-refinery process 

is about 99%. This is a rather high efficiency, which can be explained by the side effect 

of using LHV for energy efficiency evaluation when a wet process is involved or when 

moisture in the raw materials is condensed for recovering waste heat. 

 

 
 

 

Data table 

The following table shows the major technological and economic parameters of this tech-

nology. The final fuel product is defined as the total of ethanol and biogas. The con-

ditions are the same as for the energy balance. 
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Technology Maabjerg Energy Concept Bio-refinery 

 2015 2020 2035 2050 Note Ref. 

Technical data       

Typical plant size, ethanol, t/year 58000 See sections on scaling and learning A  

Typical plant size, biogas, 1000 Nm3/year 91000 See sections on scaling and learning A  

Typical plant size, ethanol + biogas, GJ/year 3650000 See sections on scaling and learning   

Straw (15 % water) consumption, GJ/GJ fuel product 1.58 See sections on scaling and learning   

Straw (15 % water) consumption, t/GJ fuel product 0.11 See sections on scaling and learning A  

Industrial and municipal waste consumption, GJ/GJ fuel product 0.29 See sections on scaling and learning   

Industrial and municipal waste consumption, t/GJ fuel product 0.026 See sections on scaling and learning   

Animal manure consumption (effective energy input), GJ/GJ fuel 
product 

0.086 See sections on scaling and learning   

Animal manure consumption, t/GJ fuel product 0.12 See sections on scaling and learning   

Total energy input, raw materials, GJ/GJ fuel product 1.96 See sections on scaling and learning   

Electricity input, GJ/GJ fuel product 0.084 See sections on scaling and learning A  

By-product, lignin (10% moisture), GJ/GJ fuel product 0.37 See sections on scaling and learning   

By-product, lignin (10% moisture), t/t fuel product 0.017 See sections on scaling and learning A  

Available heat (district heating), GJ/GJ fuel product 0.65 See sections on scaling and learning A  

Process energy efficiency, fuel product, % 49 See sections on scaling and learning   

Total process energy efficiency, ethanol + biogas + by-products, % 67 See sections on scaling and learning   

Estimated total energy efficiency, ethanol + biogas + by-products + 
district heating, % 

99 See sections on scaling and learning   

Economic data       

Capital cost, euro/GJ fuel product/year 119.4 See sections on scaling and learning A, B  

O&M, euro/GJ fuel product/year 12.1 See sections on scaling and learning A, C  

 

 

References 

1. Technology data for energy plants. Energistyrelsen, 2012. 

 

Notes 

A. Plant data are delivered by Måbjerg Energy Concept I/S. 

B. The total capital cost include total installed cost (total direct costs) and all indirect 

costs such as engineering, construction, contractor’s fee, contingency and working 

capital.  

C. The annual O&M cost is 10% of the total capital cost of the plant according to plant 

data from Måbjerg Energy Concept I/S. Costs for main raw materials, administration, 

insurance and tax are not included. 
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16    Technology data sheet: 2nd g. bio-diesel with 
hydrogen addition 

 

 

 

 

 

Diesel production by BTL technology with hydrogen 

addition 
 

Brief technology description 

This data sheet presents the added yield by adding hydrogen to the process described in 

data sheet 07. For completeness, this data sheet includes the same information about the 

basic process as in 07. 

 

Diesel can be synthesized by using BTL (biomass to liquid) technology with straw, wood 

or other lignocellulosic biomass as raw materials. The major units in the production pro-

cess include biomass gasification, gas cleaning, gas reforming/shift treatment, Fischer-

Tropsch synthesis, thermal cracking and distillation. 

 

Biomass is first pretreated (drying, grinding, etc.) and gasified in a gasifier which is 

usually specially designed for the specific biomass type. The gas from the gasification 

unit is subsequently cleaned for acids, particles and other harmful components for down-

stream process.  The cleaned gas is adjusted in gas composition to the required values 

by steam reforming or water-gas shift, or both. Steam reforming converts the methane 

contained in the gas into CO and H2, while water-gas shift produces H2 by reacting CO 

with water. For maximizing the utilization of carbon resource in the biomass, hydrogen 

may be added into the process for obtaining the needed H2 to CO ratio instead of the 

water-gas shift which increases hydrogen content at the cost of CO.      

 

The produced syngas is then converted to long-chained alkanes by Fischer-Tropsch 

synthesis. To get the desired products, the alkanes are further treated with thermal 

cracking. The final products are obtained through distillation of the hydrocarbon mixture 

from the thermal cracking step.  

 

A power generation unit which utilizes waste heat and combustible waste streams is 

usually included for this kind of plant for providing electricity and heat needed for the 

process. 

 

The process conditions can be adjusted for the production of diesel, kerosene or gasoline 

as the main product. In case of diesel as the main products, the gasoline will be a by-

product. 

 

One of the key processes in this technology is the gasification of biomass. Gasification of 

solid fuels is an old and well known technology, especially in the CTL (coal to liquid fuels) 

industry. However, for the gasification of biomass, new developments are still needed 
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due to the numerous types of biomass and their widely different physical properties. In 

the past decades, a large number of gasifiers which can cope with different types of 

biomass have been developed in the world. Some of them have now matured and got 

commercial applications in different BTL (biomass to liquid fuels) projects in the world. 

  

Gasification of straw has been successfully tested in pilot scale1,2, but has not been 

demonstrated in large commercial scale. Some development efforts will be necessary to 

mature gasification technologies with straw or straw-like materials as the feedstock. 

 

Technologies for gas cleaning, reforming, water-gas shift, Fischer-Tropsch synthesis, 

thermal cracking and final product distillation are widely used in CTL and GTL (gas to 

liquid fuels) industries and can be considered commercially mature. 

 

Energy balance 

The following Sankey diagram shows the total energy input and output of the process3. 

The energy balance is made on the basis of straw with 15 % moisture content as the raw 

material. 

 

It is assumed that the process efficiency is the same as with corn stover as the raw 

material (corn stover is used as the raw material in the reference document) because the 

composition of wheat straw is very close to that of corn stover4. For calculations on other 

types of biomass, the data must be adjusted if their composition differs significantly from 

wheat straw or corn stover. 

 

For maximizing the utilization of carbon resource in the biomass, hydrogen is used as a 

raw material for the adjustment of syngas composition. The amount of hydrogen added 

into the system corresponds to the amount that is needed for bringing the H2 to CO ratio 

up to the optimal level for the Fischer-Tropsch synthesis. Utilization of CO2 in the gas is 

not considered as this kind of technology is still on the research stage. Addition of 

hydrogen results in an increase of diesel production in about 43 % based on the same 

amount of biomass feedstock (stoichiometric calculation by FORCE Technology). 

 

The plant includes also integrated power and heat production unit. For the energy 

balance lower heating value (LHV) of the different materials are used. 

 

Process cooling and heat loss from process equipment surface are major sources for 

process heat loss. Low grade (=low temperature) thermal energy may in certain degree 

be recovered from process cooling. However, utilization of low grade thermal energy is 

usually a cost-benefit issue and determined by local conditions. 

 

It is estimated that about 48 % of the process heat loss can be directly recovered for 

district heating if heating/cooling and heat production for district heating is integrated in 

the process, which will increase the total energy efficiency of this process to about 80 %. 
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Data table 

The following table shows some major technological and economic parameters of this 

technology. The conditions are the same as for the energy balance. 

 

Technology Diesel by BTL technology with H2 addition 

 2015 2020 2035 2050 Note Ref. 

Technical data       

Typical plant size, t diesel/year 149,700 See sections on scaling and learning A  

Typical plant size, GJ diesel/year 6,587,000 See sections on scaling and learning   

Straw (15 % moisture) consumption, GJ/GJ diesel 1.8 See sections on scaling and learning  3 

Straw (15 % moisture) consumption, t/t diesel 5.5 See sections on scaling and learning   

Hydrogen consumption, GJ/GJ diesel 0.6 See sections on scaling and learning   

Hydrogen consumption, t/t diesel 0.23 See sections on scaling and learning B  

Total energy input, raw materials, GJ/GJ diesel 2.4 See sections on scaling and learning C  

Available electricity, GJ/GJ diesel 0.06 See sections on scaling and learning  3 

By-product gasoline, GJ/GJ diesel 0.42 See sections on scaling and learning  3 

Process energy efficiency, diesel, % 41.3 See sections on scaling and learning   

Total process energy efficiency, diesel + by-products + available 
electricity, % 

61.1 See sections on scaling and learning   

Estimated total energy efficiency with utilization of process heat loss for 
district heating  

80 See sections on scaling and learning D  

       

Economic data       

Capital cost, euro/GJ diesel/year 84.0 See sections on scaling and learning E 3,5,6,7 

O & M, euro/GJ diesel/year 2.5 See sections on scaling and learning F 3 

 

 

References 
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5. Sergey Zinoviev, Franziska Muller-Langer, Piyali Das , Nicolas Bertero. Next-

Generation Biofuels: Survey of Emerging Technologies and Sustainability Issues. 

ChemSusChem, 2010, 3, pp1106 – 1133. 

6. Well-to-Wheels analysis of future automotive fuels and powertrains in the European 

context. March 2007. 

7. VAPO’s annual report 2012.  

http://www.vapo.fi/filebank/1521-Vapo_annual_report_2012.pdf 

 

Notes 

A. The plant size is based on the same biomass handling capacity as in the data sheet 

“Technology data sheet: 2nd gen. bio-diesel”. Diesel production is increased from 

105,000 t/y to 149,700 t/y (about 42% increase) because of addition of hydrogen in 

the process. The increase in diesel production by addition of hydrogen is estimated 

by FORCE Technology. 

B. Hydrogen addition is calculated based on the gas composition (high temperature 

gasification case) in reference 1. 

C. Energy input from supporting chemicals of minor amounts is not considered. 

D. Estimate by FORCE Technology. 

E. The total capital cost is estimated on the basis of diesel production alone. The total 

capital cost include total installed cost (total direct costs) and all indirect costs such 

as engineering, construction, contractor’s fee, contingency and working capital. The 

total capital cost is increased by about 7% (with reference to the total capital cost in 

the source – ref. 1) in consideration of the remove of water-gas shift unit and the 

increase of capacity for units after gasification and gas cleaning. The change of total 

capital cost is estimated by FORCE Technology. 

F. Labour costs are included. Costs for main raw materials, administration, insurance 

and tax are not included. 
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17    Technology data sheet: SNG by methanation of 
biogas 

 

 

 

 

 

SNG production by methanation of biogas 
 

Brief technology description 

SNG (synthetic natural gas) can be produced through methanation of biogas. The main 

components in biogas are methane and CO2. The content of CO2 may vary between 

about 35-50 vol. % depending on the actual biogas production technology. Through 

methanation of the CO2 contained in biogas, it is possible to upgrade the biogas to 

natural gas quality. 

 

The core unit in a methanation plant is the hydrogenation/methanation unit in which CO2 

is converted to methane by reacting with hydrogen. A catalyst is usually used for this 

process. The methanation reaction is exothermic and will generate large amount of heat.   

The plant may include units for hydrogen supply/storage and biogas storage depending 

on local conditions. Hydrogen may be produced in a water electrolysis unit as assumed 

here - or be supplied by other means. Future technologies with potential for cheap and 

efficient hydrogen supply are a.o. the SOEC from Topsøe. 

 

Methanation technology is currently commercially available.  

 

Energy balance 

The energy balance is made on the assumptions that the biogas contains 65 vol. % 

methane and that hydrogen is produced by electrolysis of water. The following Sankey 

diagram shows the total energy input and output of the process. The energy balance is 

based on the lower heating value (LHV) of the involved materials. 

 

Process cooling and heat loss from process equipment surfaces are major sources for 

process heat loss. Low grade (= low temperature) thermal energy may in certain degree 

be recovered from process cooling. However, utilization of low grade thermal energy is 

usually a cost-benefit issue and determined by local conditions. It is estimated that about 

60 % of process heat loss in this process can be directly recovered for district heating 

purpose, which increases the total energy efficiency to about 92 %.   

 

In the generation of hydrogen by water electrolysis, oxygen is produced as a by-product. 

About 3,500,000 Nm3 of oxygen is produced for a 5,000,000 Nm3/y methanation plant. 

The oxygen creates an economic values but it is for obvious reasons not included in the 

energy balance. 
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Data table 

The following table shows some major technological and economic parameters of this 

technology. The conditions are the same as for the above energy balance. 

 

Technology SNG by methanation of biogas 

 2015 2020 2035 2050 Note Ref. 

Technical data       

Typical plant size, 1000 Nm3 SNG/year 5,000 See sections on scaling and learning A  

Typical plant size, GJ SNG/year 179,500 See sections on scaling and learning   

Biogas (65 % methane) consumption, GJ/GJ SNG 0.65 See sections on scaling and learning   

Biogas (65 % methane) consumption, Nm3/Nm3 SNG 1 See sections on scaling and learning A  

Total energy input, raw materials, GJ/GJ SNG 0.65 See sections on scaling and learning   

Electricity input, GJ/GJ SNG 0.6 See sections on scaling and learning A  

available heat, GJ/GJ SNG 0.15 See sections on scaling and learning A  

Process energy efficiency, SNG, % 80.3 See sections on scaling and learning   

Total process energy efficiency, % 80.3 See sections on scaling and learning   

Estimated total energy efficiency, SNG + available heat, % 92.3 See sections on scaling and learning   

       

Economic data       

Capital cost, euro/GJ SNG /year 24.4 See sections on scaling and learning A, B  

O&M, euro/GJ SNG /year 0.49 See sections on scaling and learning A, C  

 

References 

  

Notes 

A. Plant data and future plant size are delivered by The Partnership for Hydrogen and 

Fuel Cells (Partnerskabet for brint og brændselsceller) in Denmark. 

B. The total capital cost include total installed cost (total direct costs) and all indirect 

costs such as engineering, construction, contractor’s fee, contingency and working 

capital. 

C. Labour costs are included. Costs for main raw materials, administration, insurance 

and tax are not included. 

 

 


