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Abstract 

 

The KDV-process uses catalytic depolymerisation to convert biomass into diesel oil. 

The environmental performance of KDV-diesel in a proposed KDV-plant located in 

the County of Jämtland, Sweden, was assessed using Life Cycle Assessment (LCA) 

methodology. The functional unit of the study was one litre of KDV-diesel and the 

environmental impact categories that were considered were Global Warming 

Potential (GWP), Eutrophication Potential (EP) and Acidification Potential (AP). The 

acquisition of wood biomass significantly affected the life cycle performance of KDV-

diesel production in all three impact categories. When benchmarked against 

conventional diesel oil, KDV-diesel contributed significantly less to GWP, since there 

are no fossil carbon dioxide (CO2) emissions from the use phase, but it contributed 

more to EP and AP due to slightly higher emissions in the production phases. This 

conclusion holds true for five investigated electricity-supply scenarios for the 

production of KDV-diesel. Each scenario utilised a different source for electricity 

production: wind power; hydro power; nuclear power; coal power; and using part of 

the produced KDV-diesel for on-site electricity production. Another scenario analysis 

compared an alternative use of the wood biomass and assumed that the same 

amount of wood biomass was used to generate bio-electricity, instead of being 

converted into KDV-diesel. The scenario analysis indicated that whether wood 

biomass should be used for KDV-diesel production or for bio-electricity production 

depends on the type of electricity that is used throughout the life cycle of KDV-

diesel. 

 

Keywords: Life Cycle Assessment, KDV, wood biomass, Jämtland 
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Sammanfattning 

 

KDV-processen använder katalytisk depolymerisering för att omvandla biomassa till 

dieselolja. Miljöprestanda för KDV-diesel från en föreslagen KDV-anläggning i 

Jämtland län, Sverige, har studerats med livscykelanalys (LCA) metodik. Studiens 

funktionella enhet var en liter av KDV-diesel och de studerade 

miljöpåverkanskategorierna var Klimatpåverkan (GWP), Övergödning (EP) och 

Försurning (AP). Skogsbruket påverkade signifikant livscykelprestanda för KDV-

dieselproduktion från trädbiomassa i de tre studerade miljöpåverkanskategorierna. 

Kontrasterad mot konventionell dieselolja bidrog KDV-diesel betydligt mindre till 

GWP eftersom det inte finns några utsläpp av fossil koldioxid (CO2) under 

användningsfasen, men bidrog samtidigt mer till EP och AP på grund av något 

högre utsläpp i produktionsfasen. Denna slutsats gäller för fem olika elförsörjning 

scenarier för produktion av KDV-diesel som studerats. Varje scenario använde olika 

typ av elproduktion: vindkraft; vattenkraft; kärnkraft; kolkraft; samt att använda en 

del av den producerade KDV-diesel för egen elproduktion. En annan scenarioanalys 

studerade alternativ användning av trädbiomassan och antog att samma mängd 

träbiomassa användes för att generera bio-elektricitet istället för KDV-diesel. 

Scenarioanalysen visade att utfallet för ifall träbiomassan borde användas för 

produktion av KDV-diesel eller bio-electricitet beror på typen av elproduktion som 

används för KDV-diesels livscykel. 

 

Nyckelord: Livscykelanalys, KDV, trädbiomassa, Jämtland 
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Περίληψη 

 

Η διαδικασία KDV χρησιμοποιεί καταλυτικό αποπολυμερισμό για τη μετατροπή 

βιομάζας σε καύσιμο ντίζελ. Οι περιβαλλοντικές επιδόσεις του KDV-ντίζελ σε 

μια προτεινόμενη μονάδα KDV που βρίσκεται στην περιφέρεια Γιέμτλαντ της 

Σουηδίας, αξιολογήθηκαν με τη μέθοδο Αξιολόγησης του Κύκλου Ζωής (LCA). Η 

λειτουργική μονάδα της μελέτης ήταν ένα λίτρο KDV-ντίζελ και οι κατηγορίες 

περιβαλλοντικών επιπτώσεων που εξετάστηκαν ήταν το Δυναμικό Θέρμανσης 

του Πλανήτη (GWP), το Δυναμικό Ευτροφισμού (EP) και το Δυναμικό Οξίνισης 

(AP). Η απόκτηση της βιομάζας ξύλου επηρέασε σημαντικά την απόδοση του 

κύκλου ζωής της παραγωγής KDV-ντίζελ και στις τρεις κατηγορίες 

περιβαλλοντικών επιπτώσεων. Σε σύγκριση με το συμβατικό πετρέλαιο ντίζελ, 

το KDV-ντίζελ συνέβαλε σημαντικά λιγότερο στο GWP, δεδομένου ότι δεν 

υπάρχουν εκπομπές διοξειδίου του άνθρακα (CO2) ορυκτής προέλευσης κατά τη 

φάση της χρήσης, αλλά συνέβαλε περισσότερο στο EP και στο AP λόγω ελαφρώς 

υψηλότερων εκπομπών στις φάσεις της παραγωγής. Το συμπέρασμα αυτό ισχύει 

για πέντε σενάρια παροχής ηλεκτρισμού για την παραγωγή του KDV-ντίζελ που 

μελετήθηκαν. Σε κάθε σενάριο χρησιμοποιήθηκε μια διαφορετική πηγή 

ενέργειας για την παραγωγή ηλεκτρισμού: αιολική ενέργεια, υδροηλεκτρική 

ενέργεια, πυρηνική ενέργεια, ηλεκτροπαραγωγή με καύση άνθρακα και χρήση 

μέρους του παραγόμενου KDV-ντίζελ για επιτόπια παραγωγή ηλεκτρισμού. Μια 

διαφορετική ανάλυση σεναρίου συνέκρινε μια εναλλακτική χρήση της βιομάζας 

ξύλου, υποθέτοντας ότι η ίδια ποσότητα βιομάζας ξύλου χρησιμοποιήθηκε για 

την παραγωγή βιο-ηλεκτρισμού, αντί να μετατραπεί σε KDV-ντίζελ. Η ανάλυση 

σεναρίου κατέδειξε ότι η χρήση της βιομάζας ξύλου για την παραγωγή KDV-

ντίζελ ή για την παραγωγή βιο-ηλεκτρισμού εξαρτάται από την πηγή ενέργειας 

που χρησιμοποιείται για την παραγωγή ηλεκτρισμού καθ’όλη τη διάρκεια του 

κύκλου ζωής του KDV-ντίζελ. 

 

Λέξεις-κλειδιά: Αξιολόγηση του Κύκλου Ζωής, KDV, βιομάζα ξύλου, Γιέμτλαντ 
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1. Introduction 

 

1.1 Biomass, biofuels and the KDV-technology 

The interest in biofuels has increased over the last years and a rapid growth in 

biofuel production and consumption has occurred worldwide, in an effort to provide 

and sustain jobs and to achieve reduction of greenhouse gas (GHG) emissions 

(Gnansounou, 2011). 

Biofuels can be supplied from plentiful biomass sources. Biomass feedstocks 

include industrial or urban waste; energy crops; agricultural waste; uncultivated 

vegetation; wood waste and forestry residues. Biomass is considered carbon neutral 

and a renewable resource (Cadenas & Cabezudo, 1998) and can be converted into 

electricity, heat or liquid and gaseous fuels (Demirbas et al., 2009). Biomass use for 

energy (bioenergy) is an appealing renewable alternative that has attracted 

increasing interest worldwide (Cherubini & Strømman, 2011) and it is expected that 

the growing need for biomass will result in intensified competition among biomass 

feedstocks and systems (Gerssen-Gondelach et al., 2014). However, the criteria for 

selecting the most suitable biomass energy system depend on the particular purpose 

each situation is intended to serve. Job creation, environmental benefits and 

reduction of GHG emissions are some of the objectives that need to be considered 

amongst policy-makers when choosing the biomass energy system appropriate for 

the specific case (Schlamadinger et al., 2005). 

This study investigated a proposed plant that produces liquid biofuels from 

wood biomass in Jämtland County, Sweden. The County of Jämtland is situated in 

the central northern part of Sweden and it occupies an area of nearly 3.5 million 

hectares, where approximately 70 percent of that total area (i.e. 2.5 million ha) is 

productive forest landi (Swedish Forest Agency, 2013, p.30). Wood biomass is one of 

the major sources of renewable energy in today’s world (Lauri et al., 2014) and in the 

north-central regions of Sweden it is estimated that forest management intensity can 

lead to a significant increase in biomass production over the next 100 years (Poudel 

et al., 2012). The industrial utilisation of wood biomass is an expanding research area 

and particularly its conversion to fuels constitutes significant potential for meeting 

the increasing need for energy (Hiete et al., 2010). However, at the moment no large-

                                                            
i Forest land which can produce an average of one cubic metre of timber per hectare per year (Swedish Forest 

Agency, 2013, p.351). 
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scale plants that convert wood biomass into motor biofuel exist in Sweden (SCB, 2009 

in Joelsson & Gustavsson, 2012, p.456). 

The conversion of wood biomass into biofuels can be achieved, inter alia, by 

the KDV-process. KDV is the German acronym for Katalytische Drucklose Verölung 

(catalytic pressureless depolymerisation) (Alphakat.de, 2013). The technology was 

invented by Dr. Christian Koch and it has the potential to utilise a vast array of 

hydrocarbon-based and renewable feedstocks: wood; organic waste; leaves; straw; 

used oil; plastics; rubber; and any other type of redundant and undesired industrial, 

agricultural and municipal residues can be converted into KDV-diesel (Alphakat.de, 

2013). In Sweden, wood (or other types of lignocellulose) has been suggested as 

feedstock (Östman, 2007). 

A brief description of the process follows (Alphakat.de, 2013): initially the 

feedstock is crushed into smaller pieces, mixed with the reaction carrier, which is 

comprised of catalyst and oil, and it is transformed into a pumpable sludge. 

Afterwards the sludge is pumped into the main module of the process and it is 

heated up to a temperature between 270oC and 350oC. The generated diesel vapors 

are vented into a distillation column where the liquid KDV-diesel is separated out. 

The KDV-diesel fuel is claimed to be directly compatible with conventional 

diesel and thus can be used in present infrastructure (delivery systems, car engines) 

without any further modifications and fulfils the EN590 (The European Union 

standard for Diesel for vehicles) (Alphakat.de, 2013). 

Despite biofuels being considered an option for GHG reduction, job creation 

and rural growth, concerns regarding their negative environmental impacts have 

been raised (Scarlat & Dallemand, 2011). In order to examine the viability of biofuels 

it has to be determined whether net energy gains are provided in comparison to 

conventional fossil fuels, whether interference with food supply occurs (Hill et al., 

2006) and to what extent non-renewable energy is utilised throughout their life cycle 

(Stromberg et al., 2010). Previous research has shown that biofuels offer benefits in 

terms of GHG reduction compared to conventional fossil fuels, but frequently a 

number of production paths result in greater impacts on other environmental 

indicators (Zah et al., 2007). However, in contrast to fossil fuels, environmental 

impacts of biofuels can be decreased by implementing appropriate practices which 

will presumably offer possibilities to further optimise several production paths (Zah 

et al., 2007) and an important factor in the context of production system optimisation 

is the amount of fossil energy used during their production (e.g. fuel used in 

harvesting) (Arvidsson et al., 2012). Furthermore, previous studies have noted that 
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the estimated GHG benefits of biofuels compared to conventional fuels could be 

affected if indirect land use changes are included (Broch et al., 2013) and the effects of 

land use change could imperil any gain in GHG emissions (Humpenöder et al., 2013) 

and at the same time other studies reported that even when including direct and 

indirect land use changes, carbon emissions could still be substantially reduced (e.g. 

ethanol from sugar cane) (Wicke et al., 2012 in Horta Nogueira et al., 2013, p.597). 

To address the aforementioned issues, the adoption of a life cycle perspective 

is often considered necessary. Life Cycle Assessment (LCA) is a tool that can analyse 

the environmental performance and sustainability of biofuels and can assist the 

decision making processes in biofuel production (Escobar et al., 2009; Gasparatos et 

al., 2011; Stromberg et al., 2010). 

 

1.2 Purpose of the study 

The purpose of this study was to assess the potential environmental impacts 

associated with KDV-diesel from wood biomass through catalytic depolymerisation, 

in a proposed KDV-plant located in the County of Jämtland, Sweden and investigate 

its life cycle implications. Therefore, a screening Life Cycle Assessment (LCA) was 

carried out, based on two previous technic-economic evaluations (Östman, 2007; 

Östman, 2013) commissioned by E-dalens Energi AB. 
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2. Methodology 

 

2.1 Life Cycle Assessment (LCA) 

Life Cycle Assessment (LCA) is a methodology for analysing the environmental 

impacts of products and services over their lifetime. The environmental impacts are 

assessed from the acquisition of raw materials (cradle) to their disposal (grave). This 

method is composed by four principal steps which are considered the backbone of 

LCA: goal and scope definition; inventory analysis; life cycle impact assessment; and 

interpretation or presentation of the results (Bauman & Tillman, 2004). 

 

2.2 Goal and scope 

A screening Life Cycle Assessment (LCA) was conducted in order to evaluate the 

environmental performance of KDV-diesel from wood biomass, in a proposed KDV-

plant located in the County of Jämtland, Sweden. 

The functional unit of the study was one litre of KDV-diesel and the 

environmental impact categories assessed were Global Warming Potential over the 

time horizon of 100 years (GWP, carbon dioxide equivalents), Eutrophication 

Potential (EP, phosphate equivalents) and Acidification Potential (AP, sulphur 

dioxide equivalents). 

The boundaries of the technical system included the activities: raw material 

acquisition; transportation to the plant; shredding of the feedstock; and production of 

KDV-diesel (see Figure 1). Since the proposed KDV-plant was assumed to be located 

in Jämtland County, the geographical boundaries of the study have been set to the 

central region of Sweden. All transports were considered to use fossil fuels and not 

renewable fuels. 

KDV-diesel was benchmarked against conventional diesel and against a 

scenario of an alternative use of the wood biomass (bio-electricity). 

Land use was treated as a resource issue and not as an environmental impact. 

GHG emissions from land use change or impacts on biodiversity have not been 

assessed. 
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2.3 Technical system 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Processes and activities connected to the life cycle of KDV-diesel. The gray boxes indicate activities that 

were not considered in the study. 

 

The investigated technical system is depicted in Figure 1. The wood biomass 

feedstock is acquired from forestry and transported to the KDV-plant. In the 

pretreatment process it is shredded and crushed into smaller pieces before 

transferred to the KDV-main process (Alphakat.de, 2013). The wood waste that is 

generated during the pretreatment process (Östman, 2013, p.32) is transported for 

incineration. 

The reaction carrier of the KDV-process is comprised of catalyst and oil 

(Alphakat.de, 2013). The catalyst is produced outside of the plant and the oil is part 

of the produced KDV-diesel. Both catalyst production and oil use for process startup 

were excluded from the study (for further technical details see Appendix 1). After the 

pretreatment, the feedstock is mixed with the reaction carrier and it is transformed 

into a pumpable sludge. The sludge is pumped into the main module of the KDV-

process, it is heated up to a temperature between 270oC and 350oC and the generated 
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diesel vapors are vented into a distillation column where the liquid KDV-diesel is 

separated out (Alphakat.de, 2013). 

Carbon residues, spent catalyst and ash are removed from the KDV-reactor 

(Östman, 2013, p.8) and it was assumed that they are pelletised and transported for 

incineration. 

Light gases and CO2 are generated during the process (Östman, 2013, p.8) and 

it was assumed that they are routed to a stationary engine where they are combusted 

(Östman, 2013, p.13) in order to minimise emissions of hydrocarbons into the air (for 

further technical details see Appendix 1). 

Finally, water is also produced during the process (Alphakat.de, 2013) and it is 

conveyed in a waste water treatment facility (Östman, 2013, pp.18-36). The waste 

water treatment facility was not considered in this study (for further technical details 

see Appendix 1). 

 

2.4 Scenarios and variants 

 

2.4.1 Five electricity-supply scenarios for KDV-diesel production 

Five electricity-supply scenarios were set up and applied to the production of KDV-

diesel. Each scenario utilised a different source to generate electricity throughout the 

product’s life cycle: wind power; hydro power; nuclear power; coal power; and using 

part of the produced KDV-diesel for on-site electricity production. For the sake of 

simplicity, for the remainder of the thesis the scenarios will be referred to as Wind, 

Hydro, Nuclear, Coal and KDV. 

 

2.4.2 KDV-diesel or conventional diesel 

The life cycle environmental impacts of KDV-diesel production and use were 

benchmarked against the life cycle environmental impacts of conventional diesel 

production and use. 

 

2.4.3 KDV-diesel or Bio-electricity from wood biomass 

A scenario analysis was benchmarked against an alternative use of the wood 

biomass, assuming that the same amount of wood biomass is either used to generate 

electricity, or converted into KDV-diesel. The alternative technical system for the Bio-

electricity scenario is visualised in Figure 2. 

 

 



7 
 

 

 

 
 

Figure 2. The wood biomass acquired from forestry is transported for incineration to generate electricity instead 

of being converted into KDV-diesel. 

 

In order to investigate potential benefits and drawbacks from the two alternative 

uses of wood biomass, the difference in life cycle environmental impacts between 

KDV-diesel and conventional diesel were benchmarked against the difference in life 

cycle environmental impacts between Bio-electricity and four other types of 

electricity generation. The four types of electricity generation were wind, hydro, 

nuclear and coal power (as described in section 2.4.1). 
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3. Inventory 

 

This section provides detailed information on each of the processes and activities 

shown in Figure 1. The processes and activities are described in the order they are 

numbered in the figure. 

 

1. KDV-process 

Based on Östman’s estimates (2013) it was calculated that the following inputs are 

required to produce one litre of KDV-diesel: 3.681 kg of raw material (Östman, 2013, 

p.13); 0.02 kg of catalyst (Östman, 2013, p.13); and 0.6533 kWh of electricity (Östman, 

2013, p.23). The amount of oil that is part of the reaction carrier was considered 

negligible. Catalyst and oil were excluded from the study (for further technical 

details see Appendix 1). Furthermore, based on Östman’s estimates (2013) it was 

calculated that during the production of one litre of KDV-diesel the following 

outputs are generated: 0.36 kg of carbon residues, spent catalyst and ash (Östman, 

2013, p.13); 1.62 kg of light gases and CO2 (Östman, 2013, p.13); and 0.87 kg of water 

(Östman, 2013, p.13). The amount of water generated was not included in the study 

(for further technical details see Appendix 1). The environmental impacts of electricity 

use are described in 3.1 Five electricity-supply scenarios for KDV-diesel production. 

 

2. Pretreatment 

During the pretreatment process the feedstock is shredded and crushed into smaller 

pieces. The diameter and humidity of each particle should not exceed 25 mm and 20 

percent, respectively (Alphakat.de, 2013). Based on Östman’s estimates (2013, p.13) it 

was calculated that 4.09 kg of raw material are required to produce one litre of KDV-

diesel and a 10 percent loss of the 4.09 kg (Östman, 2013, p.32) is expected to occur. 

Furthermore, based on Östman’s estimates (2013, p.22) it was calculated that 0.0818 

kWh are required for the shredding of 4.09 kg of raw material. The environmental 

impacts of electricity use are described in 3.1 Five electricity-supply scenarios for KDV-

diesel production. 

 

3. Transport (raw material) 

The feedstock (4.09 kg) is acquired from forestry and it is transported to the KDV-

plant. The distance between the proposed KDV-plant and the logging operations is 

estimated at 20 kilometres (Östman, 2013, p.3). It was assumed that the vehicle used 
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for the transportation of the feedstock was a truck with a semi-trailer for long 

distance transport, with energy requirement and emission factors reported by 

Bauman & Tillman (2004, p.498). The energy requirement for this road transport was 

0.0164 kWh/litre KDV-diesel. 

 

4. Forestry 

The feedstock for the KDV-plant of this study was assumed to be wood chips from 

round wood. Inventory data on forestry originate mainly from Berg & Lindholm 

(2005) and concern the central forest region of Sweden. Approximately 90 percent of 

the energy requirements in forestry were diesel fuel and 10 percent were electricity 

(Berg & Lindholm, 2005, p.36). The energy requirement for petrol (Berg & Lindholm, 

2005, p.36) was small and added to the energy requirement for diesel fuel. Secondary 

haulageii is described in step 3. Transport (raw material) and was not based on data 

given by Berg and Lindholm (2005, p.36). The use of engine oil, hydraulic oil as well 

as the “not allocated” amount of diesel and petrol reported by Berg & Lindholm 

(2005, p.36), were small and were not taken into consideration. 

The use of diesel fuel in forestry operations was described with emission factors 

of a private car that utilises conventional diesel with 0 percent RME, as given in 

Miljöfaktaboken 2011 (2011, p.84). The environmental impacts of electricity use in 

forestry operations are described in 3.1 Five electricity-supply scenarios for KDV-diesel 

production. The energy content of petrol was 43 MJ/kg (IVL, 2001, p.27) and the 

energy content of diesel was 43.2 MJ/kg (IVL, 2001, p.27). The inventory data in Berg 

& Lindholm (2005) are reported in m3 s.u.b. of round wood; for this study the data 

were recalculated to kg of round wood, assuming that the density of round wood is 

400 kg/m3 s.u.b., as suggested by Östman (2013, p.3). 

 

5. KDV-diesel 

KDV-diesel is claimed to be compatible with conventional diesel and can be used 

directly in existing diesel engines (Alphakat.de, 2013) and therefore it was assumed 

that the emission factors of KDV-diesel are equivalent to the emission factors of 

conventional diesel. Hence, KDV-diesel was described with emission factors of a 

private car that utilises conventional diesel with 0 percent RME, reported in 

Miljöfaktaboken 2011 (2011, p.84), but the emitted CO2 from KDV-diesel was 

                                                            
ii The transport of timber from landing to end-point by road vehicle or railway (Berg & Lindholm, 2005, p.34). 
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considered biomass based and not fossil fuel based and consequently the CO2 has 

been indicated as zero in the emission inventories. 

 

6. Waste 

A material loss of 0.409 kg is expected to occur during the pretreatment of the 

feedstock and accounted for 10 percent of the total wood biomass (4.09 kg) that is 

required to produce one litre of KDV-diesel. The amount of wood waste was 

calculated based on Östman’s estimates (2013, pp.13-32). 

 

7. Transport (waste) 

The waste (0.409 kg) produced during the pretreatment of the feedstock is 

transported for incineration. It was assumed that the distance between the proposed 

KDV-plant and the waste incinerator is 300 kilometres, which is an approximate 

distance between the western parts of Jämtland County and the closest waste 

incinerator that is located in the city of Sundsvall, on the east coast of central Sweden. 

The vehicle used for this operation was a truck with a semi-trailer for long distance 

transport, with energy requirement and emission factors reported by Bauman & 

Tillman (2004, p.498). The energy requirement for this road transport was 0.0245 

kWh/litre KDV-diesel. 

 

8. Incineration 

The incineration of waste and pellets was described with emission factors for the 

incineration of mixed waste (“blandat verksamhetsavfall”), reported in 

Miljöfaktaboken 2011 (2011, p.46). The energy content of wood waste and the energy 

content of pellets were 12.7 MJ/kg and 16.8 MJ/kg, respectively (IVL, 2001, p.27). 

 

9. Catalyst production 

The production of the catalyst (0.02 kg per litre of KDV-diesel) was not taken into 

consideration. 

 

10.  Transport (catalyst) 

The transportation of the catalyst to the plant was not taken into consideration. 
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11.  Carbon residues, spent catalyst and ash 

The amount of carbon residues, spent catalyst and ash that is removed from the 

KDV-reactor after the production of one litre of KDV-diesel is 0.36 kg and was 

calculated based on Östman’s estimates (2013, p.13). 

 

12.  Pelletising 

Based on Östman’s estimates (2013, p.23) it was calculated that 0.0432 kWh are 

required to pelletise the amount of carbon residues, spent catalyst and ash that is 

removed from the KDV-reactor after the production of one litre of KDV-diesel. The 

environmental impacts of electricity use are described in 3.1 Five electricity-supply 

scenarios for KDV-diesel production. 

 

13. Transport (pellets) 

The pelletised carbon residues, spent catalyst and ash (0.36 kg) are transported for 

incineration. It was assumed that the distance between the proposed KDV-plant and 

the waste incinerator is 300 kilometres, which is an approximate distance between 

the western parts of Jämtland County and the closest waste incinerator that is located 

in the city of Sundsvall, on the east coast of central Sweden. The vehicle used for this 

operation was a truck with a semi-trailer for long distance transport, with energy 

requirement and emission factors reported by Bauman & Tillman (2004, p.498). The 

energy requirement for this road transport was 0.0216 kWh/litre KDV-diesel. 

 

14. Waste water 

Based on Östman’s estimates (2013, p.13) it was calculated that for the production of 

one litre of KDV-diesel 0.87 kg of water is generated. 

 

15. Waste water treatment 

Waste water treatment was not taken into consideration in this study. 

 

16.  Light gases and CO2 

Based on Östman’s estimates (2013, p.13) it was calculated that 1.62 kg of light gases 

and CO2, having an energy content of 2.7 kWh, are generated during the production 

of one litre of KDV-diesel. 
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17.  Stationary engine 

The generated light gases and CO2 were assumed to be routed to a stationary engine 

where they are combusted (Östman, 2013, p.13) in order to minimise emissions of 

hydrocarbons into the air. The emission factors attributed to the combustion of light 

gases and CO2 in a stationary engine were assumed to be the same per kWh as the 

emission factors of a private car that utilises diesel fuel with 0 percent RME, reported 

in Miljöfaktaboken 2011 (2011, p.84). However, the CO2 was considered biomass 

based and not fossil fuel based and has been indicated as zero in the emission 

inventories. Energy recovery was not accounted for (for further technical details see 

Appendix 1). 

 

3.1 Five electricity-supply scenarios for KDV-diesel production 

  

1. Wind 

The environmental impacts of electricity generated through wind power were 

described with emission factors reported in Miljöfaktaboken 2011 (2011, p.95). 

 

2. Hydro 

The environmental impacts of electricity generated through hydro power were 

described with emission factors reported in Miljöfaktaboken 2011 (2011, p.98). 

 

3. Nuclear 

The environmental impacts of electricity generated through nuclear power were 

described with emission factors reported in Miljöfaktaboken 2011 (2011, p.101). 

 

4. Coal 

The environmental impacts of electricity generated through coal power were 

described with emission factors reported in Miljöfaktaboken 2011 (2011, p.53). The 

emission factors per MJ of hard coal fuel into a coal power plant (Miljofakataboken, 

2011, p.53, column “Vattenfall, 2008”) were recalculated to emissions per MJ of 

electricity, using an electricity efficiency factor of 46 percent (Miljofaktaboken, 2011, 

p.52). 

 

5. KDV 

One possible alternative method to produce the required electricity is to utilise part 

of the produced KDV-diesel (Alphakat.de, 2013). KDV-diesel is claimed to be 
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compatible with conventional diesel and can be used directly in existing diesel 

engines (Alphakat.de, 2013) and therefore it was assumed that the emission factors of 

KDV-diesel used for electricity production were equivalent to the emission factors of 

a private car that utilises conventional diesel with 0 percent RME, reported in 

Miljöfaktaboken 2011 (2011, p.84). However, the emitted CO2 in the KDV scenario 

was considered biomass based and not fossil fuel based and consequently the CO2 

has been indicated as zero in the emission inventories. The efficiency factor for 

electricity generation in a diesel generator that utilises KDV-diesel was assumed to 

be the same as the efficiency factor of fuel oil (“eldningsolja”) (i.e. 44 percent), 

reported in Miljöfaktaboken 2011 (2011, p.112). 

 

3.2 KDV-diesel or conventional diesel 

The life cycle environmental impacts of KDV-diesel production and use were 

benchmarked against the life cycle environmental impacts of conventional diesel 

production and use. Four electricity-supply scenarios were considered for the 

production of KDV-diesel: Wind; Hydro; Nuclear; and Coal. The environmental 

impacts of electricity use are described in section 3.1. 

Conventional diesel was described with emission factors for the production 

and distribution of conventional diesel fuel with 0 percent RME, reported in 

Miljöfaktaboken 2011 (2011, p.84). The emissions in the use phase were assumed to 

be the same for both KDV-diesel and conventional diesel, except for the emitted CO2 

of KDV-diesel, which was considered biomass based and not fossil fuel based and 

has been indicated as zero in the emission inventories. 

 

3.3 KDV-diesel or Bio-electricity from wood biomass 

In order to investigate potential benefits and drawbacks from alternative uses of a 

specific amount of available wood biomass, the difference in life cycle environmental 

impacts between KDV-diesel and conventional diesel was benchmarked against the 

difference in life cycle environmental impacts between Bio-electricity and four other 

types of electricity generation. The four types of electricity generation considered 

were wind, hydro, nuclear and coal power (see section 3.1). 

The efficiency factor for Bio-electricity generation from the wood biomass was 

assumed to be the same as that from logging residues (“grot”) (i.e. 33 percent), 

reported in Miljöfaktaboken 2011 (2011, p.112), the wood biomass incineration was 

described with emission factors for the incineration of logging residues (“grot”), 
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reported in Miljöfaktaboken 2011 (2011, p.32) and the energy content of wood 

biomass was assumed to be the same as the energy content of forest fuel with 30 

percent moisture content (12.1 MJ/kg), reported in IVL (2001, p.27). 

The emission factors for the four types of electricity generated through wind, 

hydro, nuclear and coal power are described in section 3.1. 

 

3.4 Characterisation indicators 

The characterisation indicators for the chosen impact categories originate from IPCC 

(2013, p.731) for Global Warming Potential over the time horizon of 100 years (carbon 

dioxide equivalents) and from Bauman & Tillman (2004, pp.514-515) for 

Eutrophication Potential (phosphate equivalents) and Acidification Potential 

(sulphur dioxide equivalents). 

 

3.5 Land use 

The land area required to produce one litre of KDV-diesel was calculated based on 

data reported by Berg & Lindholm (2005, pp.34-36), for the area of occupancy and the 

volume of timber produced from that specific area and based on Östman’s 

suggestions and estimates (2013, pp.3-13), for the wood density and for the amount 

of wood biomass required to produce one litre of KDV-diesel. The forestry data used 

from Berg & Lindholm (2005) concern the central region of Sweden. 
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4. Results 

 

4.1 KDV-diesel production (total emissions) 

Figures 3, 4 and 5 present the contributions to GWP, EP and AP respectively, for 

KDV-diesel production when applying the five investigated electricity-supply 

scenarios. It is evident from the bar charts in Figure 3 that the GWP of the Coal 

scenario was dominant to all other scenarios. It was almost 9 times higher compared 

to the Wind, Hydro and Nuclear scenarios and almost 28 times higher compared to the 

KDV scenario. The GWP of the KDV scenario was the lowest, which is related to the 

fact that the CO2 emitted from the combustion of KDV-diesel was considered 

biomass based and not fossil fuel based. Figure 4 shows that the KDV scenario is the 

largest contributor to EP followed by the Coal scenario, whereas Figure 5 shows that 

the Coal scenario is the largest contributor to AP followed by the KDV scenario. The 

Coal and KDV scenarios are larger contributors to AP and EP compared to the Wind, 

Hydro and Nuclear scenarios. 

 

 

 

Figure 3.  GWP of KDV-diesel production for the five electricity-supply scenarios, described in section 3.1. 
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Figure 4. EP of KDV-diesel production for the five electricity-supply scenarios, described in section 3.1. 

 

 

 

Figure 5. AP of KDV-diesel production for the five electricity-supply scenarios, described in section 3.1. 
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4.2 KDV-diesel production (total emissions per activity) 

Figures 6, 7 and 8 illustrate the emissions that contribute to GWP, EP and AP 

respectively, for the activities connected to the life cycle of KDV-diesel and for all the 

investigated electricity-supply scenarios. The inventory description for 

transportation of raw material [step 3], transportation of waste [step 7], incineration 

[step 8], transportation of pellets [step 13] and stationary engine [step 17] were the 

same for all scenarios. (Note that all transports were considered to use fossil fuels 

and not renewable fuels, even in the KDV scenario). 

 

 

 

Figure 6. GWP of KDV-diesel production for the five electricity-supply scenarios studied separately per activity 

(total values are given in Figure 3). 

 

In Figure 6 it is immediately apparent that the Coal scenario gave a significantly 

larger contribution to GWP in all activities where electricity was used, in comparison 

to the other electricity-supply scenarios. Forestry [step 4] contributed significantly to 

GWP in all electricity-supply scenarios due to the utilisation of fossil fuels in forestry 

operations. There are no significant differences in forestry [step 4] between Wind, 

Hydro, Nuclear and Coal electricity-supply scenarios since the energy requirements in 

forestry were covered predominantly by fossil fuels and not by electricity. In the 
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KDV scenario the GWP in forestry [step 4] was very small since it was assumed that 

the renewable KDV-diesel was used in forestry operations. 

 

 

 

Figure 7. EP of KDV-diesel production for the five electricity-supply scenarios studied separately per activity 

(total values are given in Figure 4). 

 

In Figures 7 and 8 it is clear that the combustion of the generated light gases in a 

stationary engine [step 17] is the largest contributor to EP and AP in all scenarios and 

contributed substantially to the total impact, accounting for more than 70 percent of 

the total EP and AP for the Wind, Hydro and Nuclear scenarios and for more than 40 

percent of the total EP and AP for the Coal and KDV scenarios. 
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Figure 8. AP of KDV-diesel production for the five electricity-supply scenarios studied separately per activity 

(total values are given in Figure 5). 

 

4.3 KDV-diesel or conventional diesel 

Figures 9, 10 and 11 show the differences in GWP, EP and AP respectively, between 

the production of one litre of KDV-diesel when applying four electricity-supply 

scenarios and conventional diesel production. Positive bars in the figures represent a 

net environmental benefit for conventional diesel, whereas negative bars represent a 

net environmental benefit for KDV-diesel. The bars in Figure 9 indicate that KDV-

diesel contributed less to GWP when benchmarked against conventional diesel in all 

investigated scenarios, whereas the bars in Figures 10 and 11 indicate that KDV-

diesel contributed more to EP and AP when benchmarked against conventional 

diesel. 
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Figure 9. GWP differences between KDV-diesel and conventional diesel. The negative bars represent a net 

environmental benefit for KDV-diesel. 

 

 

 

Figure 10. EP differences between KDV-diesel and conventional diesel. The positive bars represent a net 

environmental benefit for conventional diesel. 
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Figure 11. AP differences between KDV-diesel and conventional diesel. The positive bars represent a net 

environmental benefit for conventional diesel. 
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Figure 12. GWP differences between Bio-electricity from wood biomass and four types of electricity. The positive 

bars represent a net environmental benefit for the four types of electricity, whereas the negative bars represent a 

net environmental benefit for Bio-electricity. 

 

 

 

Figure 13. EP differences between Bio-electricity from wood biomass and four types of electricity. The positive 

bars represent a net environmental benefit for the four types of electricity, whereas the negative bars represent a 

net environmental benefit for Bio-electricity. 
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Figure 14. AP differences between Bio-electricity from wood biomass and four types of electricity. The positive 

bars represent a net environmental benefit for the four types of electricity, whereas the negative bars represent a 

net environmental benefit for Bio-electricity production. 
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Figure 15. GWP differences between KDV-diesel and Bio-electricity from wood biomass. The positive bars 

represent a net environmental benefit for KDV-diesel, whereas the negative bars represent a net environmental 

benefit for Bio-electricity. 

 

 

 

Figure 16. EP differences between KDV-diesel and Bio-electricity from wood biomass. The negative bars 

represent a net environmental benefit for Bio-electricity. 
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Figure 17. AP differences between KDV-diesel and Bio-electricity from wood biomass. The negative bars 

represent a net environmental benefit for Bio-electricity. 

 

4.6 Land use 

It was estimated that approximately 38 m2 (i.e. 0.0038 haiii) of land area is required to 

produce the wood biomass needed to produce one litre of KDV-diesel in one year. 

 

4.7 Using part of the produced KDV-diesel to cover production energy 

demand 

Table 1 shows the activities connected to the production of KDV-diesel, whether the 

energy requirements for each activity are covered using fuels or electricity, as well as 

the amount of KDV-diesel needed for each activity, if the electrical and fuel energy 

requirements are covered by KDV-diesel. It can be seen that for the accounted 

activities, nearly 21 percent of the produced KDV-diesel would be required to cover 

the energy demand, of which approximately 15 percent is used to cover the 

electricity needs in the core KDV-process. 

 

 

 

 

 

                                                            
iii 1 hectare = 10,000 m2 
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ACTIVITIES 

Final Energy Use 

(kWh/litre of KDV-diesel) 

The fraction of KDV-

diesel required to 

cover production 

energy demand 
Electricity Use Fuel Use 

KDV-process [step 1] 0.6530 
 

0.1484 

Pretreatment [step 2] 0.0818 
 

0.0186 

Transport [step 3] 
 

0.0164 0.0016 

Forestry [step 4] 0.0240 0.2100 0.0265 

Transport [step 7] 
 

0.0245 0.0025 

Pelletising [step 12] 0.0432 
 

0.0098 

Transport [step 13] 
 

0.0216 0.0022 

TOTAL 0.8020 0.2725 0.2095 

 

Table 1. The energy need and the equivalent amount of KDV-diesel required to produce one litre of KDV-diesel. 

The energy content of KDV-diesel was assumed to be the same as the energy content of “diesel Mk1 and diesel 

Mk2” (i.e. 43.2 MJ/kg), reported in IVL (2001, p.27), its density 0.83 kg/l (Alphakat.de, 2013) and the efficiency 

factor of electricity generation using KDV-diesel was assumed to be the same as the efficiency factor of fuel oil 

(i.e. 44 percent), reported in Miljöfaktaboken 2011 (2011, p.112). 
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5. Discussion 

 

The environmental performance of KDV-diesel from wood biomass in a proposed 

KDV-plant located in the County of Jämtland, Sweden, was assessed using Life Cycle 

Assessment (LCA) methodology. 

 

5.1 Raw material acquisition 

Forestry made the greatest contribution to GWP regarding Wind, Hydro and Nuclear 

scenarios, accounting for more than 60 percent of the total GWP. This was mainly 

caused by the utilisation of fossil fuels in forestry operations, which consequently 

affected the environmental performance of the whole life cycle. Berg & Lindholm 

(2005) noted that a shift to renewable fuels in forestry operations offers a promising 

potential and Arvidsson et al. (2012) pointed out that the amount of fossil energy 

used during the production of biofuels (e.g. fuel used in harvesting) is an important 

factor in the context of production system optimisation. 

 

5.2 KDV-diesel or conventional diesel 

Trade-offs in terms of environmental impacts have been identified when KDV-diesel 

was benchmarked against conventional diesel. KDV-diesel contributed less to GWP 

than conventional diesel in all investigated electricity-supply scenarios, but 

contributed more to EP and AP. The results are in accord with Zah et al. (2007) who 

noted that biofuels offer benefits in terms of GHG reduction compared to 

conventional fossil fuels, but occasionally result in greater impacts on other 

environmental indicators during their production. However, in contrast to fossil 

fuels, environmental impacts of biofuels can be decreased by implementing 

appropriate practices which will presumably offer possibilities to further optimise 

several production paths (Zah et al., 2007). 

Many recent studies have focused on the direct and indirect land use changes 

caused by biofuel production (e.g. Broch et al., 2013; Davis et al., 2011; Humpenöder 

et al., 2013; Searchinger et al., 2008; Wicke et al., 2012) and it should be noted that in 

the current study emissions from land use change have not been investigated and 

land use was treated as a resource issue and not as an environmental impact. Broch 

et al. (2013) state that the estimated GHG benefits of biofuels compared to 

conventional fuels could be affected if indirect land use changes are included, 

Humpenöder et al. (2013) highlight that the effects of land use change could imperil 
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any gain in GHG emissions and at the same time Wicke et al. (2012) report that even 

when including direct and indirect land use changes, carbon emissions could still be 

substantially reduced (e.g. ethanol from sugar cane) (Wicke et al., 2012 in Horta 

Nogueira et al., 2013, p.597). Impacts from direct and indirect land use for different 

potential feedstock alternatives is an area that could be interesting for further studies 

of KDV-diesel production environmental impacts. 

 

5.3 Electricity-supply scenarios for KDV-diesel production 

The electricity-supply scenarios revealed trade-offs between GWP and EP and 

between GWP and AP. If the production of KDV-diesel occurs while utilising part of 

the produced fuel to cover the electricity demand throughout its life cycle, the GWP 

will be slightly lower, but the EP and AP considerably higher compared to a type of 

electricity more consistent with the characteristics of Jämtland County (e.g. hydro-

electricity). GHG savings would be much larger if coal-based electricity is displaced 

during KDV-diesel production, although in Jämtland it is very unlikely to generate 

electricity utilising coal. However, interesting questions are raised from the results  in 

in case of an installation of a KDV-plant in a location where electricity is generated 

from a power plant that operates on coal, which lends support to the claim that an 

important factor regarding the viability of biofuels, is also the extent of non-

renewable energy utilisation throughout their life cycle (Stromberg et al., 2010). 

 

5.4 KDV-diesel or Bio-electricity from wood biomass 

The difference in life cycle environmental impacts between KDV-diesel and 

conventional diesel was benchmarked against the difference in life cycle 

environmental impacts between Bio-electricity and four other types of electricity 

generation (see section 4.5). The benefits in terms of GWP of KDV-diesel are greater 

than the benefits in terms of GWP of Bio-electricity, regarding Wind, Hydro and 

Nuclear scenarios, but not regarding the Coal scenario, thus rendering the type of 

electricity that is used throughout the life cycle of KDV-diesel a key component when 

benchmarking the environmental impacts in terms of GWP of KDV-diesel and the 

environmental impacts in terms of GWP of Bio-electricity. Whether biomass should 

be used for biofuel production or for electricity production has been discussed rather 

extensively by Cherubini & Strømman (2011). The authors reviewed the literature 

referring to comparisons between different biomass uses and underlined among 

other things the importance of choosing the appropriate option that will produce less 
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GHG emissions. They provided, inter alia, the example of Greene (2004), who 

reported that when electricity generated from coal is replaced by biomass based 

electricity, the benefits per tonne of input biomass in terms of climate change are 

greater than for production of transportation biofuels (Greene, 2004 in Cherubini & 

Strømman, 2011, p.444), which seems to be consistent with the findings of this study.  

 KDV-diesel production might faces other challenges that have not been 

assessed or discussed in the present study and it will probably be confronted -like 

Bio-electricity- with technological, social and environmental issues such as land and 

water use (Evans et al., 2010). The criteria for selecting the most suitable biomass 

energy system depend on the particular purpose each situation is intended to serve, 

and job creation, environmental benefits and reduction of GHG emissions are some 

of the objectives that need to be considered amongst policy-makers when choosing 

the appropriate biomass energy system (Schlamadinger et al., 2005). It should be 

mentioned that, at the moment, large-scale plants that convert wood biomass into 

motor biofuel do not exist in Sweden (SCB, 2009 in Joelsson & Gustavsson, 2012, 

p.456). 

 

5.5 The stationary engine issue 

There is a significant contribution to EP and AP from the stationary engine for all the 

investigated scenarios, which illustrates the need for optimisation of the treatment of 

the generated light gases during the production of KDV-diesel. The combustion of 

light gases and CO2 in a stationary engine accounted for more than 70 percent of the 

total EP and AP for the Wind, Hydro and Nuclear scenarios and accounted for more 

than 40 percent of the total EP and AP for the Coal and KDV scenarios. 

 

5.6 Final remarks 

Gustavsson et al. (2007) state that Swedish energy policies for oil use reduction and 

CO2 reduction could be achieved with a biomass use strategy, if properly considering 

the potential trade-offs that would arise. KDV-diesel holds interesting prospects as 

an alternative to conventional transportation fuels, it could be produced on a local 

scale using wood biomass as feedstock and thus it could potentially contribute to 

addressing issues such as oil use reduction and CO2 reduction, possibly in 

conjunction with other measures and without neglecting the trade-offs and the 

challenges that would be created. Since it can be produced from locally grown 

renewable sources, this fuel also increases the opportunities for development and the 
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creation of jobs in this rural area. Additionally, it seems unlikely that the production 

of food could be threatened by KDV-diesel production. However, other services and 

industries (e.g. pulp, paper, timber) are also dependent on Jämtland’s wood biomass 

(Fakhari Rad et al., 2012) and therefore, it has to be determined whether these 

services are compromised by KDV-diesel production. 
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6. Conclusions 

 

The acquisition of wood biomass feedstock significantly affected the life cycle 

performance of KDV-diesel production in all three impact categories and a 

considerable part of the GWP derived from forestry operations. 

 

When benchmarked against conventional diesel oil, KDV-diesel contributed 

significantly less to GWP, since there are no fossil CO2 emissions from the use phase, 

but it contributed more to EP and AP due to slightly higher emissions in the 

production phases. 

 

The aforementioned conclusion holds true for five investigated electricity-supply 

scenarios for the production of KDV-diesel that were studied. Each scenario utilised 

a different source for electricity production: wind power; hydro power; nuclear 

power; coal power; and using part of the produced KDV-diesel for on-site electricity 

production. 

 

Another scenario analysis compared an alternative use of the wood biomass and 

assumed that the same amount of wood biomass was used to generate bio-electricity, 

instead of being converted into KDV-diesel. The scenario analysis indicated that 

whether wood biomass should be used for KDV-diesel production or for bio-

electricity production depends on the type of electricity that is used throughout the 

life cycle of KDV-diesel. 
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Appendix 1 

 

Facilities, activities and ideas that were not included or considered in the present 

study and facilities and activities that could potentially be managed differently: 

 

 The construction of the KDV-plant from start to finish. 

 A waste water treatment facility (Östman, 2013, p.36). 

 A life cycle comparison of wood biomass to other bioenergy feedstocks. 

 An electricity mix scenario for the production of KDV-diesel. 

 

 It was suggested that the produced ash could be pelletised (Östman, 2013, p.34), but 

in this study it was assumed that the ash is pelletised along with the carbon residues 

and the spent catalyst that are removed from the KDV-reactor and the pellets are 

transported for incineration. 

 It was assumed that the wood waste that is generated during the pretreatment 

process (Östman, 2013, p.32) is transported for incineration. 

 Energy recovery through the incineration of wood waste and pellets was not 

accounted for. 

 

 In the present study, the oil need in the KDV-process was assumed to be covered by 

recirculating a small part of the produced KDV-diesel and thus did not affect the 

overall material balance. 

 According to Alphakat.de (2013), the catalyst used in the process is comprised of 

sodium, alumina and silica and there are some indications that the catalyst would 

only be needed on startup (Östman, 2013, p.6). The production of the catalyst and its 

transportation to the KDV-plant were not included in the study. 

 

 It was assumed that the generated light gases and CO2 (Östman, 2013, p.8) are routed 

to a stationary engine where they are combusted (Östman, 2013, p.13) in order to 

minimise emissions of hydrocarbons into the air. The amount of electricity and heat 

that is produced through the combustion of the generated light gases was not 

calculated and according to Östman (2013, p.35) it could potentially cover part of the 

electricity and heating demand of the KDV-process. 

 It was assumed that the drying of the feedstock was achieved by open-air drying and 

therefore further drying methods were not considered in this study. However, 
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potentially better drying could be achieved by using fans (Östman, 2013, p.22) or by 

using the surplus heat generated from the combustion of the light gases (Östman, 

2013, p.35). 

 

Finally, it should be noted that this study has mainly focused on emissions that 

contribute to GWP, EP and AP. There are additional indicators, challenges and 

factors (e.g. environmental, social, economic, technical etc.) to be considered in the 

implementation of a KDV-plant in the County of Jämtland. 
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Appendix 2 

 

Figure 18. Map of Scandinavia where Jämtland County is highlighted.  

[Source: (Jämtland County Administrative Board, 2005)] 


