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Abstract 

The role of liquid biofuels in transportation to minimize the effects of climate change is  
evident and has led to a number of studies on finding effective solutions to replace fossil fuels. 
Liquid biofuels are especially important for heavy duty transports as the effective ‘green’ 
alternatives are not as many compared to light duty vehicles; for which for e.g. electrification is 
an option. This thesis presents a comparison study of 8 liquid biofuels with a total of 13 different 
fuel pathways for use in road freight transports; both current and potential future fuels are 
assessed in terms of their environmental effects, fuel properties and compatibility with the heavy 
duty vehicle engines (see Table 10, page 36). Furthermore, a case study is performed to 
assess the practicality of the results of the study.  Hydro-treated vegetable oil, Bio 
Dimethyl ether, Liquefied Bio Methane/ ED95 are identified as fuels with considerable 
potential in the shorter term. Algal biofuel and Biomass to liquid (BTL) fuels from 
synthesis gas, if realized commercially would be a breakthrough for biofuels in overall 
transportation sector. However, life cycle analysis has to be performed for the different fuel 
pathways to completely understand the various impacting factors. 

Keywords: Liquid biofuels, Heavy transport, TransportCentralen 
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Sammanfattning 

Flytande bränslens roll gällande att begränsa effekterna av klimatförändringarna är uppenbar och 
flertalet studier finns som tar upp effektiva lösningar för att ersätta fossila bränslen. 
Användningen av flytande biobränsle är särskilt viktigt vid tunga transporter där antalet ”gröna” 
alternativ är begränsade jämfört med lätta fordon, där tex elektrifiering är en lösning. I detta 
examensarbete presenteras en jämförelsestudie av 8 flytande biobränslen med totalt 13 olika 
råvara-till-bränsle-varianter, för användning vid vägtransporter. Både idag kommersiella 
bränslen och potentiella framtida bränslen har jämförts med avseende på deras miljöpåverkan, 
bränsleegenskaper och kompatibilitet med lastbilsmotorer (se Tabell 10, sid 36). En fallstudie har 
även gjorts för att praktiskt bedöma studiens resultat. Vätebehandlad vegetabilisk olja, bio-
dimetyleter, flytande bio-metan/ ED95 har identifierats som bränslen med stor potential på kort 
sikt. Algenbiobränslen och BTL-bränslen från syntesgas skulle, om de slår igenom kommersiellt, 
innebära ett genombrott för biobränslen inom transportsektorn. För att fullständigt utreda 
inverkan från de olika underliggande faktorerna så måste fullständiga livscykelanalyser utföras 
för samtliga bränslen.  

Nyckelord: Flytande biobränslen, Tung transport, TransportCentralen 
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1. Introduction

Alternative solutions for transportation which is fossil-free are essential for any country due to 
three main reasons. a) energy security b) lower climatic impacts and c) depletion of fossil fuels. 
Greenhouse gas (GHG) effect is the phenomenon of trapped solar radiation reflected from the 
earth and the causes are carbon dioxide (CO2), methane (CH4) and nitrous oxide (N2O) in the 
troposphere. As per the study [1], potential source of CO2 apart from lithospheric carbon is fossil 
fuel deposits. It is clearly evident that the fossil fuel use causes degradation in the air quality on a 
local scale too. Figure 1 presents the relation between the liquid fuel consumption (majority 
fossil fuel based) around the world and the carbon emissions in the respective regions for the 
year 2016. There is a positive correlation between these factors in the resulting scatter diagram 
which affirms the fact that the increased use of fossil fuels leads to increased CO2 emissions, a 
primary cause for global warming. According to the statistical report by International Energy 
Agency (IEA), it is estimated that the levels of CO2 emissions have increased from the 2000s by 
28 % [2]. 

Figure 1: Liquid fuel consumption and CO2 emissions around the globe in 2016 [3]. MMmt – Million 
Metric Tons, Quad btu – Quadrillion British Thermal Unit (1 quad equals to 170 million barrels of crude 
oil)[2]. 

Globally fluctuating fossil fuel market is another concern. As per Donald L. Klass, a renowned 
researcher in the field of alternative fuels, the fossil fuels depletion would be measurable in the 
decade 2030-2040 with the an increased irreversible market price for fossil fuels [1]. As 
effectively put by Sunggyu Lee et al in Handbook of Alternative fuel technologies,” Use of 
alternative fuels is no longer a matter for the future; it is a realistic issue of the present”. 
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195 countries came together in the Paris Climatic summit 2015 to pledge to prevent the increase 
of global temperature level by 2 degree Celsius with an ambition to limit the temperature well 
below 1.5 degree Celsius. This is where the idea of ‘Carbon budget’ emerged owing to the fact 
that the coal mines, oil and gas facilities which are in operation in the world today has the ability 
to increase the global temperature well above 2 degree Celsius. In order to limit the emission on 
an yearly basis, it is important to limit the use of fossil fuels and to use other sustainable energy 
sources [3]. 

Globally 93 % of the current energy use in the transport sector is fossil fuel based [2]. 
Traditionally, the fuels for transportation have been dominated by fossil fuels due to its high 
energy content and easy handling properties. Renewable fuel sources are being used in the 
electricity and heating sector extensively, but the transport sector use is limited due to the large 
energy demand required from the fuels. The Swedish transportation sector is 77 % fossil fuel 
based and it contributes to 33 % of the total green-house gas (GHG) emissions in the country 
based on a 2015 statistics [4]. The current estimation predicts a growth of 1.3 % per year until 
2030 in world’s primary demand for oil with Europe accounting for 0.1 %, Organization for 
Economic Co-operation and Development (OECD) 0.5 % and developing countries 2.6 % 
growth per year [5]. Also, it is estimated that transport sector along with industrial sector would 
be the area where there could be large untapped potentials for renewable energy.  

Unlike other renewable sources, biomass can be used for a variety of applications like electricity, 
heating, biofuels for transportation etc. Biomass can be easily stored and transported due to its 
versatile nature. The regulated use of bioenergy would yield almost all the benefits of fossil fuels 
without the concern for climatic change. Hence, the focus is now shifted towards the use of bio 
energy in transport [3]. 

The oil crisis in 1970s had triggered the growth of alternative sources of fuel in developed 
countries. Another catalytic factor for the growth of biofuel was the commitment of United 
States to increase its energy capabilities threefold in the beginning of 21st century [6]. European 
Union (EU) also has been in the forefront as a promoter for biofuels across the globe. All these 
factors led to the development of various technologies for the production of biofuels. Most of the 
biofuels used today are in blended form with fossil fuels and some are used in pure form. Recent 
trends in liquid biofuel industry have been quite promising.  

Biofuel use for transport has been rising in Sweden from mid-2000s [7]. Energy policy set by EU 
is to reduce the GHG emissions in the entire energy sector by 20 % in 2020 of which the 
renewable energy share from transport sector should be at least 10 %. In addition to the policies 
set by the EU, Sweden looks for 40 % reduction in GHG emissions by 2020 as compared to 
1990. Another ambitious project of Sweden is to have a fossil free transportation by 2030 [7]. 
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According to the EU Renewable Energy Directive, in the liquid biofuels there should be 35 % 
reduction in GHG emission in the end of 2017, 50 % from 2018 and 60 % reduction in emissions 
for new plants [8].  

Sweden ranks first in the overall production of biofuels for energy with 31 % fuel shares 
compared to other IEA member countries average of 6 % as of 2015 [9].This can be owed to the 
outcome of intensive implementation of sustainable energy policies in the country and also the 
availability of rich natural source of biomass. 

Heavy transport through roadways 

Heavy and medium transport constitutes less than 5 % of the total vehicles around the globe. 
Like other transportation modes, more than 94 % vehicle among these uses conventional internal 
combustion engines. Although HDV constitute only a small part of the total vehicle fleet, it 
accounts for a large part of the total fuel consumed due to the higher usage frequency and fuel 
consumption compared to the passenger car [10]. According to a statistics provided by US 
Department of Energy in 2009, the oil consumption in heavy duty vehicle sector is expected to 
continuously increase reaching up to 4.26 million barrels per day by 2050 whereas the estimated 
projection for year 2017 was around 2.5 million barrels per day. This is in contrast with light 
duty freight and passenger transport where there was a significant decrease in the yearly oil 
consumption trend [11]. In the EU, road freight transport is expected to increase by 57 % 
between 2010 and 2050. Based on an estimation study by EU, projected share of road freight 
transports among the different freight modes would be 90 % [12]. 

Most of the goods transport is through roads in Sweden. Road freight transport is one of the most 
challenging and complex services provided as it includes handling weights even up to 64 tons. 
The typical Swedish truck handles about 32-38 tons and is about 24 meters long [13]. 

Most of the heavy duty vehicles use diesel engines due to its high fuel efficiency and 
dependability. One barrel of oil contains 159 litres and is capable of producing 70 litres of petrol 
and only 34 litres of distillate oil (including diesel) [14]. There is increasing demand for diesel 
especially in European market with a declining trend in use of petrol. This creates an imbalanced 
market in fossil fuel industry. A possible solution to balance the scenario would be to introduce 
high and low blend of biofuels in diesel.  

Studies have proved that direct electrification of the transport sector is the most sustainable 
transportation pathway [15]. However, freight transports like HDVs require fuels with high 
energy density unlike the batteries of electric vehicles which are of less energy density. For 
example, the lithium ion battery, the common battery used has 85 times lower energy density 
than fossil fuels and has an energy density 40-70 times less than biofuels [15]. Therefore, Liquid 
biofuels along with other low carbon alternative fuels stands as candidates against the fossil fuels 
especially in heavy duty transports.  
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Electrification of roads also could be a long term solution, for instance, the Gävle demonstration 
project in Sweden, which opened in the year 2016, has showed the possibility of heavy transport 
fleet through electrified path [16]. As per the study [17], even with complete electrification, 
heavy goods transport would have low degree of electrification by 2030. It is therefore essential 
to learn about the recent trends in liquid biofuels sector and their possible expansions for best 
practices for a sustainable logistics in future especially in HDV sector. 

TransportCentralen is a company working in heavy transport logistics and heavy machinery 
construction sector in Halmstad, Southern Sweden. This study is conducted as the company 
required performing an analysis on fuel life cycles to identify the fuels that are suitable for heavy 
duty transports and at the same time provides least environmental impact. The overall purpose of 
the study is to increase the knowledge about alternative solutions for heavy transport that is 
fossil-free. The study is performed under Arena Grön Tillväxt (Arena Green Growth) 
organization for TransportCentralen in Halmstad. 

1.1 Objective 
The study is mainly divided into two sections. The first section discusses the current liquid 
biofuels industry for heavy transports from a global perspective. Later, potential biofuels are 
identified and are discussed based on eight broad aspects. A comparison study is made on the 
potentials of the selected biofuels in terms of their environmental effects, fuel properties and 
compatibility with the heavy duty vehicle engines. The second section is a case study on biofuels 
use in TransportCentralen in Halmstad and the potential for future expansions. Applicability of 
the results of the first section is analyzed here in practical terms. The fuels that could have 
greatest potential in Swedish market are also presented. Overall approach adopted in the study is 
given in figure 2. 

Primarily, the answers to the following questions are investigated in the study: 

a) What has been the recent trend in biofuels in heavy transports globally?
b) What are the alternative liquid fuels that can be used for a more energy efficient,

sustainable environment in future?
c) What is the current scenario and future prospects for liquid biofuel use in

TransportCentralen in Halmstad?
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Figure 2: Approach adopted for the study. 

1.2 Method 
Data collection for the study was mainly done through literature review and interviews. For the 
first section of the study, relevant literature studies were obtained particularly from the online 
library platform of Halmstad University. A life cycle analysis tool developed by Argonne 
National Laboratory called the GREET (Greenhouse gases, Regulated Emissions and Energy use 
in Transportation mode) was used for obtaining data on energy use and emissions for current 
biofuel's feedstocks. Additionally, data was obtained from the webinar conducted by the ‘Biofuel 
digest’ magazine during the month March, 2017. Concerned companies were contacted through 
mail to access details on future fuels in addition to literature review. Data collection for the 
second section was acquired mainly through face to face semi structured interview with the chief 
officer in TransportCentralen in Halmstad. The interviews were recorded for future reference. 

The inclusion and exclusion criteria considered for the study are as below: 

1.2.1 Inclusion criteria 
1. Heavy goods transports and construction machineries of weight 10-64 tons. This weight

range is considered as the HDV and construction machineries in the TransportCentralen
are within this range.

2. As the current heavy transport industry is run almost entirely on diesel fuel, liquid
biofuels are considered for the study.

1.2.2 Exclusion criteria 
1. Buses and other public transports are excluded as the study is done on heavy duty freight

transports.
2. Gaseous fuels and electrification are not in scope. Biogas is mostly preferred for urban

transportation; For instance, in Sweden most of the heavy trucks powered by biogas is
used in waste handling facilities where there is easier access to refuel. Electrification
serves as a good option for sustainable logistics in future.
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1.3 Limitations 
The resources used and environment impacts of a fuel pathway is solely dependent on the 
specific fuel pathway under consideration for e.g. Biodiesel from rapeseed.  

ED95 fuel from corn is considered in this study for comparison purposes; however, the fuel 
available in market currently uses sugarcane or other woody biomass.  

Some cells especially in Table for fuel properties (Table 7) is left blank due to non-availability of 
the required data from the referred papers. However, efforts are made to cover the important 
properties. 

Economic aspect of the fuels is not dealt separately. Yet, an overview is included in the 
descriptions for relative comparisons. Efforts are made to generalize the results of the study, 
wherever applicable to present a fair comparison. 

Similarly, aspects related to the fuel storage and distribution, even though important are not dealt 
in detail. 
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2. Current Liquid Biofuel market
2.1 General classification of liquid biofuels 

Biomass extracts CO2 from the atmosphere by photosynthesis which fixes carbon in the plant 
(carbon fixation) [1] and CO2 is released when biomass is burned. Fuels from biomass are 
considered to be renewable as it is a part of carbon cycle with no new carbon released to the 
atmosphere on combustion. Typically, fuels are considered to be biofuels when its composition 
has more than 95 % of renewable biomass [18].Certain synthetic fuels which have similar 
molecular structure as fossil fuels are also termed as biofuels when the raw materials used for 
production is renewable biomass. Biofuels are classified in different ways based on feedstocks, 
conversion process or maturity of the technologies used. There is no universally accepted 
classification of biofuels. The most commonly used classification is adopted in this paper. Liquid 
biofuel classification is typically based on the feedstocks used for the production and it is defined 
as given below: 

1. First generation biofuels: Conventional biofuels made from sugars, starch and oils from
edible food crops.

2. Second generation biofuels: Fuels made from cellulosic materials like grass, forest
residues etc. and non-edible crops.

3. Third generation biofuels: Dedicated to the biofuels derived from aquatic
microorganisms. E.g. micro algae.

2.1.1 Advanced biofuels 

Another classification in addition to the ones mentioned above is advanced biofuels. Advanced 
biofuels production often involves a number of processes different to the first generation biofuels 
with the most important aspect being the non-food feedstock use. It benefits the otherwise 
controversial ‘food v/s fuel’ debate. Advanced liquid biofuels makes use of agricultural and 
forest residues, algae and Municipal Solid Wastes (MSW) etc. as feedstocks. Ethanol from 
Brazil, essentially a first generation biofuel is also considered as an advanced fuel due to its 
mature technology and high efficiency for GHG reduction by 60 % or more. Most of the 
advanced biofuels have similar chemical composition as petroleum fuels and hence it can be 
used in pure form and /or blended with petrol or diesel. Examples of advanced biofuels are HVO 
(Hydro treated vegetable oil), Bio-DME (Bio Dimethyl ether), BTL (Biomass to liquid) fuels etc. 

The two main liquid biofuels in the world market are Ethanol and biodiesel. 

Ethanol is the most widely used liquid biofuel around the globe. Bioethanol is chemically termed 
as ethyl alcohol and is produced from fermentation process of sugar or starch based feedstocks. 
Ethanol is denoted by ‘E’; followed by the number denoting the percentage of volume of ethanol 
in the fuel.  
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Typically, ethanol is blended with petrol to be used in petrol engines. Slight modifications are 
required to the engines (flex fuel) when ethanol is used in higher concentrations (above 10 %) in 
petrol. 

About 0.018 % of the total fuel used in HDVs in U.S is E85. It is mainly used in trucks in U.S 
[19].The use of petrol is about 9.6 % in HD transports; this further provides a scope for more 
ethanol use. However, E15 is banned to use in HDVs with conventional engines by 
Environmental Protection Agency in 2011 due to its undesirable properties like lower cetane 
number etc. In theory up to 30 % of anhydrous ethanol can be blended with diesel [1]. Typically 
ethanol blend termed E-diesel in 10-15 % is used. [20]. 

Fatty acid methyl esters (FAME) are called ‘biodiesel’ as it was the first bio-based diesel that 
was developed. It is produced through transesterification process of vegetable oil or animal fats. 
Biodiesel can be used in its pure form or is blended with diesel. Generally, it is denoted by ‘B’ 
followed by the number specifying the percentage of volume of bio diesel in the diesel mixture. 
Diesel is the primary fuel that is used in HDV s around the globe. Biodiesel use in HDVs is of 
great interest in both EU and Americas. 

HVO, also known as ‘Renewable diesel’ or ‘Super Cetane’, is a product obtained after hydro 
treating of vegetable oil or animal fat. HVO can be used as a diesel substitute/ blended with 
diesel, due to its diesel-like structure without any modification to the current diesel engine. An 
important property of HVO is high cetane number and the linear effect on cetane number on 
blending. HVO was developed in the early 1990’s [1]. HVO use has been gaining momentum in 
the world lately especially in US and Europe as a renewable diesel alternative. 

2.2 Overview of liquid biofuels market by region 

As seen in figure 1, the current market scenario and policies of few countries that are crucial for 
sustainable freight transportation is assessed in this section. Based on the estimate on the current 
energy growth (liquid fuel consumption and CO2 emissions), the biofuel market in major 
countries in OECD Americas & Europe and non-OECD Asia is evaluated. OECD Americas & 
Europe accounts for about close to half of world’s energy use. Emerging economies like China 
and India are accountable for most CO2 emissions with significant predicted yearly growth in 
energy use. Emphasis is given on these countries in the following sections as they are expected 
to be the regions with major liquid fuel consumption. 
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Figure 3: Map highlighted with countries considered for the study; Map from 29travels .com. 

Energy use in heavy transports is 19 % and 22 % of the total transport sector in U.S and EU 
respectively [21]. Energy use of road freight transports contribute to 47.8 % of the total freight 
transports in U.S and the figure is 71.3 % in EU [19, 21]. 

U.S introduced biofuels in the market in order to reduce the country’s oil exports and enhance 
energy security. European policies for biofuel use are inclined more towards the reduction of 
GHG in addition to energy security with a restricted approach towards land use changes and 
‘food v/s fuel’ debate. The comprehensive biofuel policy of EU aims to achieve low carbon 
transport sector by increasing the efficiency of transport system, encouraging the use of low 
emission alternative fuels and by moving towards zero emission vehicles. Despite recent 
developments in the fuel efficiency, it is estimated that the emissions due to HDVs rose by 36 % 
between 1990 and 2010 owing to the increase in freight traffic in EU. This contradicts with EU’s 
goal to reduce GHG emissions by 60 % compared to 1990 by 2050. Hence, serious attention is 
turned towards HDV transports to curb the emissions [22]. According to the Fuel Act by EU it is 
required that each supplier should reduce the GHG emissions by at least 6 % by 2020, compared 
to a baseline that is the average emissions from fossil fuels during 2010 [18]. 

U.S is the largest producer of ethanol in the world. Brazil is the second largest producer of 
ethanol with sugar cane as the feedstock. EU is the largest producer of biodiesel and HVO in the 
world with all the trucks in the region using diesel engines. Except for the few regions in EU and 
U.S, the biodiesel use is in primary stage in other regions of the world. As per a preliminary 
statistics performed by Swedish Bioenergy Association (Svebio), Sweden is second only to 
Brazil in the world regarding  biofuel consumption in transports with 18.6 % (17.2 %- liquid 
biofuel and 1.4 % biogas) of total transportation in 2016 [23]. 

Biofuel mandates or targets are in place in 63 countries including EU-27, 14 countries from 
America, 10 from Asia – pacific, 10 from Africa and 2 from non EU countries in Europe. Major 
blending mandates that will drive the global demand are from EU, U.S, China and  Brazil [24].  
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Table 1 gives information on liquid biofuel consumption, biofuels with major market share, 
feedstocks and policies in place for the selected regions. Ethanol production in Americas is 
considered in addition to biodiesel due to their use in HDVs in the regions. Ethanol blends are 
used in diesel fuel to a small extent and also considering the fact that ethanol is the most widely 
produced biofuel in the world; the amount of conventional diesel fuel that it can replace even 
with a low blending ratio is significant. Therefore, Ethanol is considered as a potential fuel for 
HDV in U.S. in addition to biodiesel. Biodiesel and other renewable fuels share are assessed in 
other regions. 

Table 1: Current liquid biofuel use and policies in different regions [7, 12, 18-19,23-32]. 

Region 

Market share 
for liquid 
biofuels in 
transport a 

Major feed 
stocks in use 

 
Biofuel mandates/ targets and policies 

OECD 
Americas 
U.S 

5.52 % Ethanol 
Corn 

Biodiesel 
Soybean 

As per ASTM standards, no specific labelling is 
required for the use of biofuel up to B5 blending. 
User credits are given for the use of B20 
(meeting quality standard ASTM D7467-13 and 
higher blending as per Energy Policy act of 
1992. 
B2 and B5 can be used in conventional diesel 
without any modifications to the engine and is 
approved by manufacturers. 
Not all manufacturers’ give warranty for the use 
of B20 and higher level blending. Strong support 
for the growth of advanced biofuel and 
renewable diesel. 

Non 
OECD 
Americas 
- 
Brazil 

17.5 % 
Biodiesel 
Soybean 

Biodiesel mandate staring from 2 % in 2008 was 
increased to 8 % until march 2017 and a 
proposal in place to gradually increase to 10 % 
by March 2019. There is a proposal lately on a 
feasibility study to increase the blending rate up 
to 15 %. 
ANP Resolution No. 34/2016 was introduced to 
obtain permission in prior for use of blends 
greater than the mandate. 
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Region 

Market share 
for liquid 
biofuels in 
transport a 

Major feed 
stocks in use 

 
Biofuel mandates/ targets and policies 

European 
Union -
27 

4.6 % Biodiesel 
Rapeseed 
UCO (Used 
Cooking Oil)  

HVO 
Rapeseed 

The Indirect Land Use Change (ILUC) which 
came into effect on 2015 requires the fuel 
suppliers to include ILUC emissions in reports. 
Biofuels used in EU must comply with the strict 
sustainability criteria Article 17 in RED and the 
new supplement directive (2015/652). 
As per the Fuel Act 2011: 319, all Member 
states (MS) are required to submit reports from 
2012. 
Emission standards are set for heavy vehicles for 
both transient and steady state conditions. 
EU 2030 biofuel policies would limit 1st 
generation biofuels by 3.8 % while mandating 
advanced biofuels and electrification at 6.8 %. 

OECD 
Europe - 
Sweden 

11.43 % Biodiesel 
Rapeseed 

HVO 
Slaughter 
house wastes 
Vegetable or 
animal waste 
oil  

In addition to the policies set by EU, 
Environmental objective committee has 
proposed that the emissions from transport 
sector have to be reduced by 70 % by 2030. 
All fuel suppliers must comply with the 
sustainability criteria given SFS 2010:598. 
Energy taxes are imposed on low and high 
mixture FAME as on 2015. 

Non 
OECD 
Asia - 
China 

0.63 % Biodiesel 
UCO 

No significant biodiesel blending mandate. 
Fuel Quality standard ‘China V’ is set for both 
petrol and diesel use. 
Tax is levied on diesel with bio based blends less 
than 30 % from 2015. 

Non 
OECD 
Asia- 
India 

0.44 % Biodiesel 
UCO b 

National Policy of biofuels has proposed 
a blending of 20 % biodiesel blending by 
2017. But, the current availability only 
accounts for 5 % blending. No taxes 
except for the concessional excise duty of 
6 %. However there are taxes and import duty 
on raw materials. Private firms are allowed 
to sell biofuels provided they meet 
prescribed BIS standards. 

a figures for the year 2014 

b UCO includes vegetable oil, rice bran oil, palm stearin, cotton seed oil etc. 
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Inferring the data from Table1, seven biofuel types with significant regional market share in 
HDV transport is selected for further discussion. 

Table 2:  Liquid biofuels with major markets shares 

Biofuel type Feedstock 
Ethanol Corn 

Biodiesel (FAME) 
Soybean 
Rapeseed 
UCO 

HVO 
Rapeseed 
UCO 
Animal fat 
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3. Potential future fuels
This chapter discusses the potential liquid biofuels of near future for use in HDVs. A number of 
technologies both in pilot, demonstration and commercial scale are in place for liquid biofuels 
production. An emerging concept is the generation of fuels using petroleum refining-like process 
from ‘Bio crude’ called Integrated Bio Refinery (IBR). Although the concept of bio crude was 
originated in 1980s [1], their practical uses started gaining momentum in the 21st century. Bio 
crude is produced from biomass such forest and agricultural residues by thermochemical 
catalytic processes. Thermochemical catalytic conversion is the conversion of biomass/ 
intermediates to intermediates/ finished products by combination of heat and pressure, action of 
catalysts and solvents, and addition of chemical reagents [33]. Biomass to liquid (BTL) 
conversion process typically occur either through direct or indirect liquefaction process. Direct 
liquefaction converts the biomass directly to liquid hydrocarbons whereas indirect liquefaction 
converts the biomass to synthesis gas first and then to liquid hydrocarbons [34]. Output of IBR is 
a range of hydrocarbons which can be used in several industrial processes. Since biomass is 
inherently not as energy dense as fossil fuels, it is not economical to transport it over longer 
distances. Hence, it is preferable to locate the IBRs near locations where there is sufficient 
feedstock availability.  

The fuels identified as potential fuels for HDV in near future are: 

1. BTL via Fischer Tropsch (FT) process
2. BTL via Integrated Hydro pyrolysis and Hydro conversion (IH2) process
3. Bio Dimethyl Ether (Bio-DME)
4. Liquefied Bio Methane (LBM)
5. HVO from Algal Lipid Upgrading Pathway (ALU)
6. ED95 (Ethanol Diesel 95)

3.1 Biomass to liquid fuels (BTL) via Fischer Tropsch (FT) synthesis 
BTL production via FT synthesis is an indirect liquefaction process involving multiple steps. 
BTL processing is analogous to oil refining process since a number of co products are obtained 
in addition to Bio-based diesel [20]. It involves gasification of biomass followed by a FT process 
in which the syngas is treated with a catalyst to produce liquid fuel. Due to the non-homogenous 
nature of biomass feedstocks, a number of significant pre-treatment processes are required before 
it is to be fed into the gasifier which is designed on the basis of the proven traditional FT method. 
Biomass gasification is done at 300-1200°C in the presence of limited amount of oxidants 
resulting in synthesis gas (Syngas). BTL via FT synthesis can be obtained from a variety of 
feedstocks like wood chips, pellets, grasses, agricultural residues and MSW as it involves 
biomass gasification. Globally, a number of BTL fuel projects are in demonstration phase 
currently. However, there have been a number of failed attempts for the commercialization of the 
fuel due to the high cost involved.  
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The number of studies on BTL fuel’s (FT process) effect on diesel engines is comparatively less; 
this could be due to the less fuel availability on a commercial scale. A particular study has been 
identified [22] where BTL fuel was tested on a diesel engine. A study conducted by Gill et al, 
has observed that by reducing the cetane number, there was an increase in NOx emissions and 
decrease in PM emissions. The major disadvantages of FT process are the high investment cost, 
energy intensive processes and large economies of scale. 

3.2 BTL fuel via integrated hydro pyrolysis and hydro conversion (IH2) 
Pyrolysis is a process where feedstock is burned in the absence of oxygen. BTL production via 
IH2, a pilot scale technology of direct liquefaction process for biofuel production was developed 
by Gas Technology Institute in U.S collaborating with CRI Catalyst Company. In this process, 
biomass is converted to bio oil in a fluidized bed of catalysts under hydrogen pressure of 20-35 
bar and temperatures of 350-480°C. The product is further treated in a hydro treating reactor for 
upgradation. A number of  by-products are formed as part of the reaction with significant amount 
of  C1-C3 gases (high pressured steam); this steam can be used to produce the required hydrogen 
for the hydro pyrolysis reaction on site using a steam methane-reforming plant [36]. The diesel 
portion in the final product ranges from 22-48 % with significant portion being petrol when the 
catalyst S-4211 (supplied by CRI) is used. However, the diesel portion was increased up to 76 % 
when alumina was used as the catalyst after the initial process [37]. Different biomass feedstocks 
can be used for the production of the hydrocarbon fuels; however, yield is higher when woody 
biomass is used. The particle size of the feedstock for the process was about 4.7 mm in 2015 and 
research is in progress for use of increased particle size and enhancement of process efficiency. 
The properties of the fuel IH2 produced from wood are listed in Table 6. As per CRI Catalyst 
Company, emissions tests are not yet performed for the fuel [38]. However, it can be assumed 
that the emission properties of the fuel would be similar to that of fuels with similar properties 
for e.g. BTL via FT process [39]. 

3.3 Bio Dimethyl ether (DME) 
DME production, a mature technology has been in use for years. However, traditionally the 
DME use was limited to chemical industry and was derived from fossil fuels. Recent studies on 
the DME fuel, especially by HDV manufacturer Volvo have spurred interest towards this simple 
alcohol as a diesel substitute. DME, a synthetic fuel is produced in two different ways, through a 
dehydration reaction after synthetic reaction of methanol or by direct synthesis of DME from 
biomass gasification with the latter being more efficient than the former with both processes 
involving the use of catalysts. DME is in gaseous form under ambient temperature but can be 
converted to liquid phase on light pressurization above 0.5-0.6 MPa at standard temperature [40]. 
DME cannot be blended with regular diesel, Although DME can be used in regular diesel 
engines with some modifications to the fuel tank, injection system and engine management. 
Volvo has developed vehicles that are adaptable for DME. The energy content of DME is 55 % 
less than that of diesel, however this can be compensated by installing larger fuel tanks [41]. 
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Low density and viscosity of liquid DME causes leakage of the fuel from the tank to fuel 
injection systems and  causes surface wear of moving parts in fuel injection systems [40]. 
Additives are required to add to prevent leakage and surface wear. However, DME is non-
corrosive to the metal structures.   

DME when burned in air has visible flame just like natural gas and so it is not a safety hazard. 
DME offers many other advantages such as significantly reduced engine noise, absence of cold-
start problems and the likelihood of light-weight, low-cost DME diesel engines because of the 
very low ignition pressure of DME [42]. 

3.4 Liquefied Bio methane (LBM) 
LBM, liquefied version of biogas helps in the biogas transportation over longer distances and 
larger energy storage in the order of three times greater than regular biogas. LBM is produced by 
a cryogenic liquefaction process (<-160ºC) of upgraded biogas also called bio methane either 
from anaerobic conversion, biomass gasification or from landfill gases. As per ISO definitions, 
the produced bio methane should have the properties close to natural gas [43] and so technically, 
LBM should have the properties of Liquefied Natural Gas (LNG). LBM could also use the 
already available infrastructure for LNG [44]. Currently there is no European or other 
international standards for the use of bio methane as vehicle fuel except for a Swedish standard 
(SS 155438). Traditionally gas engines uses spark ignition engines however this technology has 
20 % poorer efficiency compared to diesel engines. Volvo has introduced methane-diesel engine 
which uses 25 % diesel and 75 % LBM. The fuel tank required for LBM vehicles would be 
slightly bigger compared to conventional diesel engines. There is 25 % lower fuel consumption 
compared to traditional gas vehicles [45]. Due to the lower heating value of LBM compared to 
LNG, the driving range of HDVs would be 5 % lower with LBM [46]. Fuel is less stable with 
limited shell life. LBM is suitable for medium and long distance HDV transportation. LBM is 
odorless and hence gas detection is to be used for leakage detection [45] Methane slip in LBM 
production process is a matter of concern. Further, CO2 emissions are reduced by 70 % for truck 
operation compared to conventional diesel. 

3.5 HVO from Algal Lipid upgrading Pathway (ALU) 
Biofuels from algae are referred as third generation biofuels. Biofuels from microalgae has been 
the subject of much research since late 1970’s in the U.S [1] particularly due to it attractive 
properties like high conversion efficiency of incident solar radiation to chemical energy, high 
yield etc. Further, algae as a feedstock for biofuels provides a number of benefits such as less 
land requirement (about 100 times lower than conventional energy crops), less fresh water use 
(can be grown in waste water), near zero fertilizers and pesticides use, value added co products 
etc. It is estimated that algae is the only known feedstock that has the potential to replace fossil-
based fuels without adversely affecting the food and related industries. It is a feedstock which 
can be converted to different liquid biofuels such as ethanol, bio diesel, HVO, bio oil etc. 
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The lipid content - fatty acids and other derivatives in algae is only about 8-40 % based on 
different algae species unlike traditional oil crops [47]. Hence, it is advisable to not to convert 
algae to FAME directly but to make effective use of the biological characteristics by producing 
highly valuable co-products. Here, a fuel pathway of algae which is specified in the study [48] is 
analyzed where the carbohydrate rich part of the algae is converted to ethanol through 
fermentation, the lipid rich fermentation residue is used to produce renewable diesel and the 
remaining protein rich residue is converted to biogas through anaerobic digestion. Biogas is used 
in the onsite CHP plant. The solvent hexane is used to extract the lipids from the fermentation 
stillage. The resulting product is upgraded in an hydro treater for HVO fuel production [49]. 

3.6 ED95 
Technically, ED95 is a blend of 95 % hydrous ethanol and 5 % additives and is used in modified 
diesel engines. Additives are used as ignition improver and protection against corrosion. It is a 
fuel developed by Swedish ethanol producer SEKAB and has been in operation since 1980’s, 
especially in city buses in Stockholm, Sweden. Lignocellulosic woody biomass is used as the 
feedstock for the fuel. The raw material is pretreated with acid and steam at 200°C which results 
in a slurry which is fed into another tank where enzymes, yeast and water are added for 
hydrolysis and fermentation. Ethanol is recovered from the resulting mixture after distillation. 
The residues in the mixture like lignin and other solid particles are used for the production of 
biogas. Studies conducted by SEKAB has shown that about 75 to 85 % process efficiency can be 
attained if the input energy to the system like heat, electricity and the raw material are handled in 
an optimum way. ED95 is especially suitable for short and medium distance truck applications. 
SEKAB has three version of ED95 called Premium pure, premium and standard which 87 %, 65 
% and 55 % CO2 emissions reductions and is made from forest residues, sugarcane etc. 
respectively [50]. 

As mentioned earlier, modifications to regular diesel engine is required in order to adapt to 
ED95. In order to facilitate the combustion of ethanol in CI engine, compression ratio has to be 
increased to 28:1 from the conventional 18:1 ratio [51]. HDV manufacturer Scania has been a 
long term partner to SEKAB for ED95 use, recently other oil suppliers have also entered in the 
market. Studies have shown that ED95 adheres to Euro V and EEV emission standards with near 
zero particle emission and low NOx emissions. ED95 leads to up to 80 % reduction in CO2 

emissions compared to diesel. However since the energy content is ethanol is 60 % lower than 
diesel, the volumetric fuel consumption of ED95 is higher compared to diesel fuel. Fuel cost is 
higher due to the high cost of the ignition improver. 
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4. Various aspects of selected biofuels

The selected fuels for this study and their respective pathways are shown in the figure 4. 

Figure 4: Selected biofuel pathways considered for the study adapted from [6]. 

The fuels are discussed in detail based on eight broad categories emphasizing on the 
environmental effects, fuel properties and compatibility with the HDV engines:  

The fuels are widely assessed based on below key aspects: 

I. Climatic and general requirements for farming of the feedstock 
II. Land use changes
III. Resources used in farm to refinery pathway
IV. GHG emissions associated with farm to refinery pathway
V. Feedstock to fuel conversion
VI. Properties of the fuel
VII. Fuel effect on HDV engines
VIII. GHG savings from the complete fuel pathway
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Factors I-IV is considered for biofuels from primary feedstock or virgin biomass with an 
exception for algae for factor II. Even though, secondary feedstocks are indirectly connected to 
the land use and farming, these features are not considered in this assessment and it is simply 
considered as waste residues. Resources and emissions in farm to refinery pathway is considered 
in specific, as irrespective of biofuel or fossil fuels the emissions remain to be same in the latter 
part i.e. Refinery to vehicle use. The effects of secondary feedstocks on factors III and IV even 
though present are relatively negligible and hence not considered. Biodiesel from various 
feedstocks is assessed initially for factor VI as the properties of the fuel is feedstock dependent. 
Later comparison is made based on fuel types irrespective of the feedstock used. Emissions with 
respect to specific biofuel use are assessed in factor VII. Finally, comparisons for factors V, VII 
and VIII are based on fuel types. 

I. Climatic and general requirements for farming of the feedstock 
Certain general factors like the temperature, rainfall, climatic conditions and fertilizer 
requirement for the selected primary feedstocks are discussed in this section. Generally, for a 
crop-based biofuel, it is desirable if the feedstock for the biofuel production is a high yield; low 
cash value species with short growth cycles and less water requirement. The feedstock could 
either be a land biomass type (such as forest biomass, grasses and cultivated plants) or aquatic 
biomass. Table 3 provides information on the typical climatic and other requirements for the 
farming of the energy crops. Please note in most cases only the average values are taken into 
consideration. 

Table 3: Climatic and general requirement for feedstock farming [1, 52-55]. 

Feedstock Corn Soybean Rapeseed Algae 
Climate Warm temperature Warm 

temperature 
Mild maritime Subtropical-

Tropical 

Ambient 
temperature 

15.6 oC -  32.3 oC 10o C -  35 oC 10o C -  30 oC 27-30 oC 

Annual rainfall 50-110 cm 45 - 70 cm 25-70 cm NA 
Energy use for 
farming(kJ/kg) 

400 736.84 966.96 1422 

Fertilizer 
requirement 
(kg/ dry ton) 

Nitrogen- 12- 15.5 
Phosphorous -5.5-

5.7 
Potassium -6.4 -10 

Nitrogen-0.26 
Phosphorous-

0.969 
Potassium-

1.825 

Nitrogen-10.1 
Phosphorous-

2.94 
Pottassium-2.63 

No fertilizer 
requirement. 
Phosphorous 

preferred 

Seed yield 
(kg/ha) 

8757 a 2245-3360 a 2245-2690 a 11224.7 b 

Moisture 
content (wt. %) 

20 -22 13-14 11-15 High 

a based on 2006-2008 statistics b at 15 % lipid content 
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Figure 5: A rapeseed farm in northern Germany. Photo by Irshad Mohamed. Used with Permission. 

II. Land use changes
Direct and indirect land use change is a concern associated with biofuels with considerable 
amount of ambiguity. Direct land use change (LUC) refers to the conversion of agricultural land 
from food production to biomass for biofuel cultivation. Indirect land use change (ILUC) is the 
use of previous non- agricultural land such as forest land or idle land. A notable study was done 
by M. Rajcaniova et al, 2014 [53] regarding the land use change impacts due to the biofuels 
primarily based on fuel prices. In the study, it was noted that an increase in conventional 
petroleum fuel price increases the agricultural production costs which lead to a decrease in the 
land use especially for corn cultivation. On the other hand, when biofuel price increase 
agricultural production of biofuel using conventional fuel also increases which is beneficial for 
the farmer. Also, this could encourage the conversion of uncultivated and forest land to biomass 
producing agricultural land. In an ideal situation where biofuels are used for the production of 
biomass for biofuel, an increase in fuel price would still be beneficial to the farmer considering 
the later procurement of return on investment.  

The results from the studies showed that the agricultural land used for feedstock production for 
biofuels are expanding primarily due to ILUC [53]. There is a yearly increase in the land used for 
biofuel feedstock cultivation globally due to the increased oil price and the figure corresponds to 
0.73 % of the total agricultural land in the world. Similarly, there is increased land use yearly due 
to increased biofuel production that corresponds 0.25 % of the total agricultural land globally. 
With respect to the region’s largest direct LUC takes place in North America, followed by South 
America, Asia and Europe [53]. In terms of the estimated biofuel production from energy crops 
in litre per hectare, Ethanol-corn is the most efficient crop followed by biodiesel-rapeseed and 
biodiesel-soybean [52]. 
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The elasticity factor (measure of a variables sensitivity to change with another variable) from 
LUC perspective for the selected feedstocks with respect to biofuel production and oil price is 
given in Table 3. It has been observed that rapeseed cultivation has high tendency for LUC with 
respect to changes in biofuel prices and corn with respect to oil prices.   

Table 4: LUC elasticity factor for different feedstocks [53]. 

Feedstock cultivated in the 
land 

Elasticity factor 
Induced by  biofuel prices Induced by oil prices 

Corn 0.068 0.376 
Soybean 0.365 0.101 
Rapeseed 0.382 0.193 

Studies has shown Negative LUC for advanced biofuels [54]. 

III. Resources used in farm to refinery pathway
Resources used for the production of biofuels based on primary feedstocks are assessed in this 
section. Feedstocks have to undergo a number of pretreatment methods like dewatering, drying, 
size reduction and separation before the conversion process for the biofuel production. 
Feedstocks with high moisture content have to be dried for conversion for biofuels. Farmers 
typically use natural gas or liquid propane for drying the crops. 

Using GREET (Greenhouse gases, Regulated Emissions and Energy use in Transportation mode) 
model, a life cycle analysis (LCA) tool developed by Argonne National Laboratory in the U.S 
[55],  the resources used for the production of the feedstock and the related transportation of the 
feedstock to the refinery plant is assessed based on the primary feedstock used. Corn is taken as 
the primary feedstock for the corn to ethanol pathway. Soy oil, Rapeseed oil and algal oil are 
taken as the primary feedstock for biodiesel and HVO for a fair comparison. For e.g. even 
though the seed yield for soybean is higher than rapeseed, the oil yield (input for 
transesterification or hydro treating process) of rapeseed is higher compared to soy oil. Figure 4 
shows the specific boundary defined for assessment. 

Figure 6: Boundary definition for farm to refinery pathway. 



25 

The geographical variable is selected as North America for all feedstocks except for rapeseed 
(canola) for which Non-North American region is selected for obtaining the data from GREET 
model.  

The base data in GREET for rapeseed was obtained from both France and UK which are heavily 
dependent on fossil fuels and nuclear energy and was considered to be transported to U.S. [56]. 
As a result it is does not provide accurate picture for the entire Europe, for example in a country 
like Sweden where more sustainable practices are in place, the values could be much lower. It 
must be noted that there could be irregularities in the value for rapeseed farming pathway due to 
the geographical region selected. However, as presented in the study by [57], the values of the 
rapeseed can be considered as the worst case scenario. Further, the average values of moisture 
content given in table is inputted in the tool to obtain the figures; Apart from these changes 
default values specified in the GREET model is used, unless otherwise specified. 

Figure 7 shows the quantitative analysis on the water requirement used for farming of the 
feedstocks. As mentioned in table, the water requirement for rapeseed is considerably lower and 
it is generally preferred to be rain fed. 

Figure 7: Water requirement for different feedstocks; Descriptive figures taken from [55]. 

Figure 8 shows the overall electricity and fossil-based resources used in farm to refinery pathway 
in addition to respective feedstocks. It is important to note that the resources used in the pathway 
are strictly subjected to the region where it is produced and available local resources are 
generally preferred for use. 
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Figure 8: Resources used in farm to refinery pathway; Descriptive figures taken from [55]. 

IV. GHG emissions associated with farm to refinery pathway
GHG emissions are closely related to the resources used in the pathway. Using GREET model, 
the GHG emissions associated with farm to refinery path is analyzed as explained in section 
(figure 6). Figure 9, 10, 11shows the emissions associated with farm to refinery path for the 
selected feedstocks. GHG gases like CO2, CH4 and N2O, SOx (cause of acid rain), Carbon 
monoxide (CO) (cause of ozone formation with reaction with hydrocarbon in overpopulated 
areas), nitrogen oxides (NOx) (cause for natural ozone layer depletion) [1] are assessed here. In 
addition to this, other sources of emissions such as volatile organic compound (VOC) and 
Particulate matters (PM) are also considered and are presented in figure 11. CO2 emission that is 
part of the biological carbon cycle (CO2-biogenic) is not considered as the net biomass emission 
is zero. 

In a typical production facility, there are GHG 
emissions associated with fertilizer production 
for the crop, fossil fuel use for farming in 
addition to the emissions from the plant and other 
emissions. For e.g. N2O is a GHG with a global 
warming potential of 296 compared to 1 of CO2 
over a 100 years’ time. N2O emissions from 
soybean is higher than corn, as apart from the 
nitrogen emitted due to application of fertilizer, 

stored nitrogen in the legumes of soybeans are 
emitted to atmosphere when the leftovers are 
spread in the ground after the harvest. Further, in 

order to maximize the oil extraction process, n-hexane a fossil based product is used, which in 
turn gives rise to emissions of VOC [58]. NOx and SOx emissions are higher for the crops due to 
the extensive use of fossil fuels in the pathway. 
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Figure 9: Methane emissions in farm to refinery pathway; Descriptive figures taken from [55]. Figure 
10: Other emissions in farm to refinery pathway; Descriptive figures taken from [55]. 

From an environmental perspective, when secondary feedstocks like animal waste or UCO are 
used, there are only SOx emissions (due to the transportation of the feedstock to the refinery) 
that lead to a positive emission status and other emissions are found to be in negative (as 
observed in GREET model for Animal waste). Therefore, the emissions associated with them for 
biofuel production in farm to fuel pathway is neglected and is approximated as zero. (It is also 
important to consider the avoidance of emissions that would have caused otherwise due to the 
unregulated handling of secondary feedstocks). 

V. Feedstock to fuel conversion 
The fuel standards like EN 590 and the likes are based on the technical properties of the end 
product (fuel) and they do not specify the standards to be maintained during the process for the 
production of the biofuel. However, from an environmental perspective this is important as 
emissions can be regulated effectively if standards are put in place for production processes in 
addition to finished fuel standards. The factors in feed to fuel conversion including process 
efficiency, byproducts etc. are discussed in Table 5. Valuable byproducts are an important factor 
in making a biofuel plant cost effective. 
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Table 5: Factors of interest in feedstock - fuel conversion [32, 36, 40, 56, 59-63]. 

Biofuel type Ethanol Biodiesel HVO BTL fuel 
via FT 

BTL fuel 
via IH2 

Bio 
DME LBM ALU 

Chemical 
formula C2H5OH 

CH3 
(CH2)n 

COOCH3 
CnH2n+n CnH2n+2 CnH2n+2 

CH3-O-
CH3 

CH4 CnH2n+2 

feedstock to 
fuel 

conversion 
efficiency 

42 % 96 % 83-86 % 35-40 % 55 % c 

Higher 
than 
BTL 
fuels 

-- 80 % d 

Important 
co-products 

DDGS a 
& 

fructose 

Meal b 
 & 

Glycerin 
Propane 

Multiple 
products 
including 

Petrol, 
Naphtha 

etc. 

Multiple 
products 
including 

Petrol, 
Naphtha 

etc. 

Nil 

Organic 
fertilizer, 

Liquid 
CO2

Ethanol, 
Naptha,  
Biogas 

a Distiller’s dried grains with soluble (DDGS), a high protein livestock feed [46]. 

b residue left after oil seed pressing. 

c Process efficiency for both petrol and diesel production. 

d Process efficiency of lipid to HVO pathway. 

VI. Properties of the fuel

Definitions of certain important fuel properties discussed in this section are given in Table 6. 

Table 6: Definitions of selected fuel properties [40, 60]. 

Flashpoint Temperature at which the fuels ignite 

Cetane number Measure of fuels ignition delay. Higher the cetane number, greater is 
the  effectiveness to work in combustion ignition (CI) engines  

Pour points Temperature at which the oil start to flow 
Cloud point Temperature at which wax or other small crystals are formed in the fuel 

on cooling. 
Viscosity Flow resistance of the fuel 
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The main advantages of biofuels in comparison with the fossil fuels are found to be their ready 
availability, renewability, low sulfur content, aromatic content and biodegradability. The 
disadvantages of biofuels with respect to fossil fuels are its relatively undesirable characteristics 
in terms of viscosity, energy content, cloud point, pour point, heat of combustion, water content 
in the fuel etc. [59]. Factors where biodiesel easily meet the requirements and which are 
comparatively feedstock neutral such as percentage of carbon residue, sulfur content, corroding 
effect on metals, iodine value, vapour pressure etc. [60] are not included in the below table. 
Table 12 (Appendix 1) shows the properties of biodiesel from different feedstocks. 

VI.I. Advantages of biodiesel (FAME)
1. Flashpoints of the biodiesel samples were much higher than the conventional diesel

making it safer.
2. Soy methyl ester has better performance in terms of amount of ash residue left after fuel

combustion and biodiesel from UCO had the least desirable performance.
3. General higher cetane numbers than conventional diesel improves the operation of the

engine (considering this value alone).
4. Lubricating quality of biodiesel is almost double than that of conventional diesel. High

lubricity value is associated with less wear and tear and long life for the diesel engines
[60].

VI.II. Disadvantages of biodiesel (FAME) 
1. Pour points are significantly higher than conventional diesel making it unsuitable for use

is colder temperatures. Biofuels from UCO had high values due to the presence of higher
saturated fatty acids. Among the various biofuel samples, RME performed slightly better
than soybean in lower temperatures.

2. Even though, energy available from the biodiesel has met the set standard, it is still lower
than the energy content in conventional diesel.

3. Viscosity is significantly higher in biodiesels which adversely affects the operation of
fuel pumps.

4. Even though RME has better cloud point than other biofuels under consideration, it is
much lower than the conventional diesel. However, blending of biodiesel with the
conventional diesel improves the property of the fuel [60].

As evident from Table 12, the quality of biodiesel is feedstock dependent; however quality of the 
HVO fuel is independent on the feedstocks used as the process involves hydro treating oils. HVO 
fuel from oil supplier Neste of the name NExBTL® is selected in this study for analysis. Table 7 
provides information on certain selected fuel properties of biofuels. 
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Table 7: Selected fuel properties of biofuels [4, 22, 37, 39, 43-46, 62-67]. 

Biofuel Type Ethanol 
(E10-E15) 

Biodiesel HVO BTL via 
FT 

process 

BTL via 
IH2 

process 

Bio- 
DME 

ED95 

Cetane 
number 

38-43 47-55 75-99 70-80 43.7 55-60 Appx. 10 

Viscosity cSt 
at 313.2 K 

1.16-1.2 4.5-5.1 2 to 4 1.55-2.09 4.1 0.18-
0.23 

- 

Density g/mL 
at 288 K 

0.78-0.79 0.87-0.88 0.77-0.78 0.76-0.78 0.80-0.81 0.6-0.67 0.81-
0.83 

Lubricity wt, 
g 

- 6050-
>7000 

- 211 400 Low - 

Flash point 0C 13-14 153.5-167 >61 -- -41 12 

Pour point 0C -117.3 -14 - -20.5 - - - 

Cloud point  
0C 

- -28 -5- -34 a -15.5 - better - 

Lower 
calorific 

value(kJ/kg) 

26800 37500 44000 - - 28430 25700 

Acid number 
mg/KOH/g 

- 0.13-0.32 <0.02 low <0.05 - - 

Water content - 11.32-
15.52 

7 - - - 4.5-7.4 

Carbon wt % 52.2 76.11-
77.95 

84.8 82.8-85.79 89-89.1 52.20 - 

Hydrogen wt 
% 

13.0 11.98-
12.59 

15.2 12.54 10.9-11.1 13 - 

Oxygen wt % 34.8 10.79-
11.43 

0 0 <0.4 34.8 - 

 a Cold properties can be adjusted by isomerization process.  

Average values from table 12 are calculated to express the general fuel properties of biodiesel in Table 7. 
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Table 8: LBM fuel properties [46, 67]. 

Fuel Type LBM 
Methane wt % 97-98 
Nitrogen wt % 1,99 

Carbon dioxide 
wt % 

0,01 

Density g/mL at 
288 K 

540 

Cetane number NA 
Flash point 
(biogas) 0C 

-188 

VIII. Fuel effect on HDV engines
Combustion of the fuels in diesel engine creates emissions of CO2, H2O, N2 and O2. Apart from 
CO2, the other gases do not cause any harmful health/ environmental impacts. However, in 
addition to these emissions there are pollutant emissions primarily CO, NOx, HC and PM from 
diesel engines that causes adverse health/environmental impacts [68]. CO is generated due to an 
incomplete combustion (e.g. insufficient amount of oxygen). NOx is produced due to heat and 
pressure. HC are unburned petroleum due to an incomplete burn and PM is associated with diesel 
engine operation with an uncertainty surrounded for it occurrence [65, 68]. Modern diesel 
engines have near zero pollutant emissions due to the use of emission after treatment devices. 
Traditionally, the use of biofuels in engines was not favourable from engines performance point 
of view. However, with the invention of biofuels with more ‘diesel–like’ properties, the quality 
of both fuel and the engines performance is increased. The selected fuels have different chemical 
compositions, as a result the effect of the fuels on the HDV engines vary significantly. A number 
of studies had been done on the impacts of biofuels in diesel engines [62, 70].  

Studies have shown that anhydrous ethanol blended with diesel (5-15 %) showed varied results 
in terms of emissions based on the speed, load of the vehicle and the type of engine. The fuel 
blend performed comparatively better in older engines (Euro II) in one study [71]. It has been 
observed that the emission performance of ethanol –diesel blend improved in heavy load 
condition except for NOx emissions [63]. An explanation of this is the occurrence of complete 
combustion of the fuel due to the increase in engine temperature at high loads. The results of 10-
15 % blend of ethanol in diesel with additives in considered here. Table 9 provides the details on 
fuel effect on HDVs.  

It is to be noted that the engine specifications used in the respective studies from where the data 
is fetched are different. However, diesel engines are used in all cases and the overall objective of 
the section is to understand the adaptability and characteristics of fuel in HDV engines. As 
mentioned earlier, BTL fuel via IH2 process is not listed in the table 9 as emission test is not 
performed yet for the fuel.  
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Table 9: Fuel effect on HDVs [40, 42, 44-45, 62-64, 70-71,73]. 

Ethanol 
(E10-E15) 

Biodiesel 
(FAME) HVO 

BTL via 
FT 

process 
Bio- DME LBM b ED95 

Volumetric 
fuel 

consumptiona 
5.2 %-11.4 
% higher 

5-6 % 
higher 

3-5 % 
higher 

3-5 % 
higher 

20-40 % 
lower 

5.6 % 
higherc 

60 % 
higher 

Approval from 
HDV 

manufacturer 
Not 

Favourable 
Approval 

for B7 Favourable Favourable Dedicated 
vehicles 

Dedicated 
vehicles 

Dedicated 
vehicles 

Emissions 

PM-19 % 
lower a 

CO-28 % 
lower 

THC-40 % 
higher 

NOx-No 
stable 

operation d 

PM-31 % 
lower 

CO- 15 % 
lower 
THC – 
14.6 % 
lower 

NOx- 2.3 
% higher 

PM≤50 % 
lower 

CO≤50 % 
lower 

THC≤50 
% lower 

NOx–6 % 
lower 

CO-˜14-66 
% lower 
THC-0-2 
% lower e 
NOx-No 
stable 

operation f 

PM-87 % 
lower a 
CO-5.8 
%lower 
THC+ 

NOx–6.2 
% lower 
NOx-0-
44.1 % 
lower 

PM-low 
Sulphur-

low 

PM-
significant 
reduction 
CO-No 
stable 

operation 
THC-
higher 
NOx- 

significant 
reduction 

a In comparison with diesel. 

b 75 % methane and 25 % diesel. 

c On dual fuel consumption [73]. 

d NOx emissions reduced by 35 % at medium load, slight reduction at 75 % load and there was an increase in 
emission at full load compared to petro diesel. 

e HC emission were found to be higher at no load conditions compared to the diesel standards. 

f Increased by ˜ 33 % at 1.26 bar and decreased by ˜ 33 % at 3.77 bar pressure.  
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VIII. GHG savings from the complete fuel pathway
Well to Wheel (WTW) GHG emission savings of a fuel pathway is strictly dependent on the 
process under consideration. For e.g. Average European GHG emission savings of ethanol fuel is 
about 55 %, but GHG emission savings of ethanol produced in Agroetanol Company in Sweden 
is close to 95 % as there is no fossil energy use in the process and also carbon produced in the 
production process is captured. However, an average GHG emission savings for the selected 
fuels are shown in figure 12. The major variations in GHG emission savings occur in fuel 
pathways with primary feedstock use, this is because of the varying resources and conditions 
used in particular for farm to refinery pathway. 

Figure 11: GHG emission savings of different fuel pathways [17, 64, 73]. 

Summary 
It is estimated that the energy use in farm to refinery pathway for production of biofuels is much 
greater than fossil fuels. However, in all cases the emissions from well to wheel pathway is 
considerably lower than fossil fuels primarily based on the fact that the fuel itself is bio-based 
fuel unlike fossil fuel [74]. Based on the GREET model study, it is estimated that farming 
equipment manufacture costs about 2 % of the energy use and contributes to 1 % of GHG 
emissions considering a full life cycle basis study for the production of corn ethanol. Among the 
three energy crop considered, corn farming results is the most sustainable due to low energy use 
and reduced emissions. However, Ethanol from corn is not a desirable fuel for diesel engines due 
to lower cetane number, high THC emission properties etc. 
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The feedstock for the biodiesel can be selected based on the specific region where the fuel is 
used. For e.g. Rapeseed oil performs better in colder regions compared to other energy crops. A 
technology that is developed by Advonex in U.S uses electrochemical processes to deoxygenate 
the fuel. The resulting fuel called Entrada®–DZL made from oil seeds [75] has cloud point as 
low as -30ºC compared to regular biodiesel that has cloud point of around -10 ºC and also higher 
energy content than FAME. It can be stored and transported using the same infrastructure for 
conventional diesel. 

Algae, a feedstock with great potential in terms of yield and effective LUC must be made 
economical for future uses. Lower biodiesel blend in diesel is preferred for clean engine 
operation.  

HVO stands as a good candidate to substitute the diesel oil in the near term, yet the concern is on 
the availability of the fuel in larger volumes.  

A study [57] is noted, in which biofuels that are ‘harmful’ than fossil fuels in terms of N2O 
emissions are identified. In order to prevent this worst case scenario, It is to be taken into 
consideration that the crops with increased nitrogen fertilizer requirement for its growth causes a 
potential problem of increased N2O emissions which more harmful than CO2 in terms of Global 
Warming Potential. Grasses and woody biomass would be an alternate solution for feedstocks to 
curb N2O emissions.  

Biofuels from secondary feedstocks are considered to be more efficient due to absence of energy 
requirement for crop production, possibility of effective waste management, less cost associated 
with the feedstock and overall least environmental impact. Additional processes are required to 
prepare the feedstock for the production of good quality biodiesel unlike the vegetable oils 
obtained from direct farming. Use of oil seeds requires low cost for building a biofuel plant than 
with secondary feedstocks where new equipment has to be installed for pretreatment facilities. 
However, from manufacturing cost perspective, UCO seems to be more suitable for reducing the 
cost as the feedstock cost is 2-3 times lower than oil seeds [54]. The main concern with 
secondary feedstocks is their availability in sufficient quantities when required. 
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6. Results

Comparison of current and potential future liquid biofuels fuels in heavy transport industry 

Based on the factors discussed above, the selected biofuels are weighed against each other in 
Table 10. It is to be noted that the analysis is performed based on the data presented in the paper 
and is also relative to the fuels under consideration. Colour code guidelines to interpret results in 
Table 10 is given in figure 13.The three colour codes for the cells indicate high, medium and low 
efficiencies respectively. Alternatively they indicate high, medium and low impacts wherever 
applicable. For e.g. Land use changes. Additionally, some cells are marked amber for various 
reasons and are mentioned in the foot notes. 

Figure 12: Colour code guidelines to interpret Table 10 
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Table 10: Comparison of current and potential future liquid biofuels fuels in heavy transport industry 

Biofuel 
type 

Climatic 
and 
general 
aspects 

Land 
 use 

Water 

Fossil 
based 
and 
electricity 
resources 
use a 

GHG 
emissions 
in 
farm - 
refinery 
pathway 

Feedstock 
– fuel
process 
efficiencya 

Fuel 
properties 

Blending 
properties 
with 
diesel 

Fuel 
consumptionb 

Cold 
temperature 
performance 

Alteration 
to current 
diesel 
vehicle 

Emissions  
from 
engine b 

GHG 
emission 
savings a 

Feedstock 
Potential 

Economicsc 

Ethanol- 
corn 

High 
yield, Low 
fertilizer 

use 

High 
LUC 

w.r.t to 
oil price 

Medium 
irrigation 

need 

Lower 
energy 
intense 
process 

Transport 
emissions 

Appx. 40 
% 

Blend 
depended. 

Should 
adhere to 
standard 

Adverse 
effects 

on higher 
blending 

5.2-11.4 % 
higher, 

Increase with 
blend ratio 

Favourable 
Required 
for high 
blend 

THC 
Higher, 
NOx no 
stable 

operation 

Up to 56 
% GHG 
reduction 

Limited 

Relatively 
lower 

investment 
cost 

Biodiesel - 
Soybean 

Low yield, 
Medium 
fertilizer 

use 

Slightly 
lower 
LUC 

High 
irrigation 

need 

Lower 
energy 
intense 
process 

Transport, 
emissions 
associated 

with 
farming 

>90 % 

Adheres 
to 

EN14214 
standard 

7 % blend 
as per 

standards 
,Can use 
for higher 

blends 

5-6 % higher 

Less 
favourable 

compared to 
RME 

Required 
for high 
blend 

NOx 
higher 

Up to 45 
% GHG 
reduction 

Limited 
oil 

content 

Relatively 
lower 

investment 
cost 

Biodiesel- 
Rapeseed 

Low yield 
High 

fertilizer 
use 

High 
LUC 

w.r.t to 
biofuel 
price 

Near zero 
irrigation 

need 

High 
energy 
intense 
Processa 

Transport,
emissions 
associated 

with 
farminga 

>90 % 

Adheres 
to 

EN14214 
standard 

7 % blend 
as per 

standards 
,Can use 
for higher 

blends 

5-6 % higher Favourable 
Required 
for high 
blend 

NOx 
higher 

40-70 % 
Limited 

oil 
content 

Relatively 
lower 

investment 
cost 
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Biofuel 
type 

Climatic 
and 
general 
aspects 

Land 
 use 

Water 

Fossil based 
and 
electricity 
resources 
use a 

GHG 
emissions 
in 
farm - 
refinery 
pathway 

Feedstock 
– fuel
process 
efficiencya 

Fuel 
properties 

Blending 
properties 
with 
diesel 

Fuel 
consumptionb 

Cold 
temperature 
performance 

Alteration 
to current 
diesel 
vehicle 

Emissions  
from 
engine b 

GHG 
emission 
savings a 

Feedstock 
Potential 

Economicsc 

Biodiesel 
– Used
Cooking 
Oil 

NA NA NA 

Feedstock 
pre- 

treatment 
Energy use 

secondary 
feedstock 
use 

>90 % 

Adheres 
to 
EN14214 
standard 

7 % blend 
as per 
standards 
,Can use 
for higher 
blends 

5-6 % higher 
Not 
favourable 

required 
for high 
blend 

NOx 
higher 

Benefit 
from 
secondary 
feedstock 
use 

Limited 

Cost 
associated 
with pre-
treatment, 
Less cost for 
feedstock 

HVO- 
Rapeseed 

Low yield 
High 

fertilizer 
use 

High 
LUC 

w.r.t to 
biofuel 
price 

Fed by 
rain 

water 

High energy 
intense 
processa 

Transport
emissions 
associated 
with 
farminga 

>80 % 

Adheres 
to 
EN15940 
standard 

Identical 
to diesel 

3-5 % higher, 
lower relative 
to other fuels 

Improved d NA 
Relatively 
lower 
emissions 

Up to 58 
% GHG 
reduction 

Limited 

Investment 
cost higher 
than 
biodiesel g 

HVO- 
Used 
Cooking 
Oil 

NA NA NA 

Feedstock 

pre- 

treatment 

Energy use 

secondary 
feedstock 
use 

>80 % 

Adheres 
to 
EN15940 
standard 

Identical 
to diesel 

3-5 % higher, 
lower relative 
to other fuels 

Improved d NA 
Relatively 
lower 
emissions 

Up to 88 
% GHG 
reduction 

Limited 

Investment 
cost higher 
than 
biodiesel g+ 
pre-
treatment of 
feedstock 

HVO- 
Animal 
Fat 

NA NA NA 

Feedstock 

pre- 

treatment 

Energy use 

secondary 
feedstock 
use 

>80 % 

Adheres 
to 
EN15940 
standard 

Identical 
to diesel 

3-5 % higher, 
lower relative 
to other fuels 

Improved d NA 
Relatively 
lower 
emissions 

Benefit 
from 
secondary 
feedstock 
use 

Limited 

Investment 
cost higher 
than 
biodiesel g+ 
pre-
treatment of 
feedstock 
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Biofuel 
type 

Climatic 
and 
general 
aspects 

Land 
use 

Water 

Fossil based 
and 
electricity 
resources 
use a 

GHG 
emissions 
in 
farm - 
refinery 
pathway 

Feedstock 
– fuel
process 
efficiencya 

Fuel 
properties 

Blending 
properties 
with 
diesel 

Fuel 
consumptionb 

Cold 
temperature 
performance 

Alteration 
to current 
diesel 
vehicle 

Emissions  
from 
engine b 

GHG 
emission 
savings a 

Feedstock 
Potential 

Economicsc 

BTL via 
Fischer 
Tropsch 
process 

NA NA NA 
Energy 
intense 
process 

secondary 
feedstock 
use 

multiple 
product 
formation
+ Upgrade 
of gas 

Adheres 
to 
EN15940 
standard 

Identical 
to diesel 

Lower relative 
to other fuels 

Almost 
identical to 
diesel 

NA 
No stable 
NOx 
emission 

>90 % 
GHG 
reduction 

Variety of 
biomass 
options 

High 
investment 
& operating 
cost 

BTL via 
IH2 

NA NA NA 

New 
technology, 
catalyst 
dependent 

secondary 
feedstock 
use 

Up to 76 
%, 
catalyst 
dependent 

Fulfills 
diesel fuel 
specificati
on 

Identical 
to diesel 

Lower relative 
to other fuels 

Almost 
identical to 
diesel 

NA 
No tests 
performed 
yet e 

Up to 90 
% GHG 
reduction 

Variety of 
biomass 
options 

Hydrogen 
catalyst use. 
Research yet 
in pilot 
scale 

Bio- 
Dimethyl 
ether 

NA NA NA 
Matured 
technology 

secondary 
feedstock 
use 

Single 
product, 
High 
efficiency 
for direct 
synthesis 

ASTM 
D790 
standard 

Does not 
blend 
with 
diesel 

20-40 % lower Favourable 

Injection 
system, 
Larger 
fuel tanks 

Lower 
NOx 
emission 

>90 % 
GHG 
reduction 

Variety of 
biomass 
options 

Reduced 
feedstock 
cost, Cost 
benefit in 
case of 
direct 
synthesis 

Liquefied 
Bio 
Methane 

NA NA NA 

Energy 
intense 
liquefaction 
process 

secondary 
feedstock 
use 

No data 
obtained 

No 
standard f 

Does not 
blend 
with 
diesel 

5-6 % higher 

No effect , 
fuel stored 
in cryogenic 
tank 

Dedicated 
vehicle, 
Cryogenic 
Larger 
fuel tank 

Relatively 
lower 
emissions 

Emissions 
with 
Gas –
Liquid 
process 

Variety of 
biomass 
options 

Liquefaction 
process+ 
Dedicated 
vehicleh 
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Biofuel 
type 

Climatic 
and 
general 
aspects 

Land 
use 

Water 

Fossil based 
and 
electricity 
resources 
use a 

GHG 
emissions 
in 
farm - 
refinery 
pathway 

Feedstock 
– fuel
process 
efficiencya 

Fuel 
properties 

Blending 
properties 
with 
diesel 

Fuel 
consumptionb 

Cold 
temperature 
performance 

Alteration 
to current 
diesel 
vehicle 

Emissions  
from 
engine b 

GHG 
emission 
savings a 

Feedstock 
Potential 

Economicsc 

HVO - 
Algal lipid 
upgrading 
pathway 

Very high 
yield 

Least 
LUC 
impact 

Waste 
water 
use 

High energy 
intensive 
process 

High on 
site 
energy 
use 

High lipid 
to fuel 
efficiency 

Adheres 
to 
EN15940 
standard 

Identical 
to diesel 

3-5 % higher, 
lower relative 
to other fuels 

Almost 
identical to 
diesel 

NA 
Relatively 
lower 
emissions 

High 
emissions 
during 
algae 
farming 

Can be 
improved 
by 
effective 
research 

Research in 
pilot scale. 
Current 
estimates 
are higher 

ED95-
corn 

High 
yield, Low 
fertilizer 
use 

High 
LUC 
w.r.t to 
oil price 

medium 

Lower 
energy 
intensive 
process 

Transport 
emissions 

Appx. 40 
% 

Adheres 
to 
Swedish 
standard. 
No other 
standards 
in place 

Not 
blendable 

Appx. 60 % 
higher 

Favourable 
Dedicated 
vehicle 

THC 
higher, 
CO no 
stable 
operation 

≤ 56 % 
GHG 
reduction 

Limited 

High cost- 
ignition 
improver+ 
Dedicated 
vehicle 

a Strictly case dependent. 

b Compared to diesel. 

c Overall economics relative to the fuels considered. 

d Can be improved through isomerization process. 

e Company source [38]. 

f No known standard specified for use as vehicle fuel except for swedish standard. 

g Overall price is affordable in relation to other potential fuels. 

h Economics improved if infrastructure is readily available. 

Abbreviations Used 
NA Not Applicable 

GHG Green House Gas 
THC Total Hydro Carbons 
LUC Land Use Change 
HVO Hydrogenated Vegetable Oil 
BTL Biomass To Liquid 
IH2 Integrated Hydro-conversion and 

Hydro-pyrolysis 
ASTM American Society for Testing and 

Materials 
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6. Discussion
As evident from Table 10, estimation of different biofuel based on a standard reference is 
difficult due to the multiple factors involved in the production and use of the fuels. Additionally, 
a number of factors have to be considered when primary feedstocks are used for biofuel 
production. However, they are important at least for shorter term until technologies like BTL 
fuels discussed, are fully commercialized and are made affordable. Current biofuel use in HD 
transport is largely contributed by biodiesel and HVO with UCO and Animal fats as the only 
major options for secondary feedstock. Inedible oils such as tall oil (already used in Sweden) etc. 
would be beneficial when used in areas with sufficient availability. 

Biodiesels with lower blend in diesel engine improves the vehicle operation. However, large 
blends are usually not favourable due to the need for frequent services. Ethanol and FAME as 
fuels do not have a significant positive contribution to both the environment and vehicle 
operation especially when the fuel pathway includes cultivation of energy crops. Although, this 
serves as an early stage introduction of biofuels in markets especially in developing countries as 
the process is relatively simple and economically favourable. Lower blends in these markets 
would give biofuels the much needed breakthrough from fossil fuels.  

HVO is favourable in terms of fuel use in engines and economics but with the concern on 
feedstock availability. Feedstock availability is highly location dependent. Availability can be 
increased if systematic collection of feedstocks, particularly secondary feedstocks, is performed 
especially in developing countries like India and China where there is large untapped potential 
for UCO. Based on the estimates, the global potential availability of forest residues is the largest 
for about 50 % followed by agricultural residues (40 %) and animal residues (10 %) [76]. EU has 
a proposal to bring down the first generation biofuels use by 2030, but HVO use should be 
continued even with primary feedstock as there is potential for feedstock production in EU in 
arable land that in under-utilized currently. The HVO production in the world in 2016 was about 
1800 millions of gallons. As per Will Thurmond, the figure is expected to increase to 2800 
millions of gallons by 2020, a 55 % increase in production [77]. The desirable properties of HVO 
like flexibility in blending with diesel and relatively lower fuel consumption on fleets makes it a 
favourable candidate for HDV use in the near term. In Sweden, HVO blended with diesel is 
available in the market. However, pure HVO is available exclusively for HDVs. This approach is 
highly recommended as the ‘green’ alternatives for light duty vehicles are higher compared to 
HDVs.  
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Figure 13: HVO truck fueling station near Gjutaregatan, Halmstad. Photo by Irshad Mohamed. Used 
with permission. 

BTL fuels looks promising in terms of their feedstock flexibility and fuel properties with the 
challenge mainly in regards to economics. Extensive research is in progress in this area which is 
highly recommended because of the potential uses of the process. But the fact that multiple 
products are formed in the process is not suitable for diesel only application as the process 
efficiency in terms of the fuel under consideration is lower. DME could provide a solution since 
the conversion process is highly efficient with DME being the sole product. The economics and 
energy intensity of the process is highly favourable with room for improvement. The challenge 
in DME market is the infrastructure availability for fuel distribution which is similar to LPG 
distribution. Although, DME use in HDV is currently in smaller scale, it is highly recommended 
to use the fuel considering its outstanding environmental benefits. Similarly, LBM is produced 
from biogas, a relatively cheap and environmental friendly fuel with only the liquefaction 
process being energy intensive and costlier; LBM has potential in markets with large Liquefied 
Natural gas (LNG) use currently. For e.g. in China. Based on an EU estimate, LBM has potential 
to cover about 40 % of the total vehicle fuel demand by 2020  [46].  In case of DME and LBM, 
dedicated engines are required for fuel application.  

ALU fuel would be a path breaker if the process can be achieved in relatively low cost and lower 
environmental impacts. For ED95, the potential lies in areas with large ethanol use, as the 
production process of the fuel is only the addition of additives to ethanol. In order to expand the 
use of ED95, the current relatively small market for the fuel has to be expanded. 

Overall, it is not a single alternative; rather a number of alternatives suitable to the region under 
consideration have to be used for a sustainable transportation in future. 
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Figure 14: Retail prices a for different biofuel blends at a fueling station in Halmstad, Sweden. Figure 15: 
Biogas (50 %) filling station in Halmstad, Sweden. 
a Prices in Swedish Krona (SEK). 

Figure 16: Truck carrying ' Evolution Diesel ' by Oil supplier Preem in Halmstad, Sweden. 
Evolution diesel constitutes of up to 50% HVO blend in regular diesel. 



43 

7. Conclusion
Production and use of fossil fuels is a mature technology developed over many years. Now, it’s 
time to develop biofuels in the same scale, however, more study is required to optimize its 
output. Vehicles are primarily developed for adaptation to fossil fuels; this scenario should be 
changed gradually with more vehicles adaptable for alternate fuel use particularly in HD 
transport.  

In an ideal situation when the light duty vehicles are run on electrification and other fossil free 
alternatives, relatively denser biofuels can be used exclusively for HD transportation as it is the 
case in Sweden. Sweden has been a pioneer in biofuel use in HDV with several HD transport 
companies running on 100 % fossil free transport. Government policies have been a major factor 
for this change. Businesses cater to demand (biofuel demand from customers) and demand 
occurs if the infrastructure (e.g. fueling stations) is developed. In the road towards a fossil free 
transport, several sustainable alternative solutions should be considered. Various current and 
potential future liquid biofuels are compared based on several factors to check the feasibility of 
use particularly in heavy duty transports in this study (table 10). From the results it is clear that 
it’s important to concentrate more on adaptable options like HVO, DME or LBM/ ED95 based 
on the regions under consideration in the near term. The evolution of BTL fuels and Algal fuels 
would benefit the transport industry in general. Finally, specific LCA studies have to be 
performed in order to completely understand the biofuel efficiency in production and use. 

7.1 Scope for further study 
Drop-in biofuels like HVO - fuel compatible with current diesel & vehicle infrastructure are 
short term solutions. However, market of several highly potential drop-in fuels like BTL fuels 
and HVO from Algae are still in demonstration scale. At the same time, there is already potential 
for non-drop in fuels like DME, ED95 and LBM availability with the absence of required 
infrastructure. This gap in fuels and infrastructure availability should be an area for further study. 
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8. Case study
Current biofuel use in TransportCentralen (TC) in Halmstad and potential for possible 
expansion. 

8.1 Purpose 
The main objective is to understand the current use of biofuel in a typical HD transport facility in 
Sweden like TC in Halmstad and also a feasibility study on the application of the results of the 
study. 

8.2 Method 
The information presented in this case study is based on the discussion with Mr. Lars Quander, 
Managing Director of TC in Halmstad on 30th of January, 10th of March and 5th of May, 2017. 

8.2.1 Description of Company 
TransportCentralen is a company working in heavy transport logistics, heavy machinery 
construction and environment management sector. It is one of biggest transport companies at the 
west coast with headquarters in Gjutaregatan, Halmstad with another company unit in 
Falkenberg. TC is owned by 75 partner companies, with a history dated back to World War II. 
Reduction in fossil fuel use is important for the profile of the company and hence, measures are 
taken to increase the use of biofuels. The company continuously strives for sustainable 
development by having best practices through a sustainable transport.  

Regular functions undertaken by the company are: 

I. Logistics with heavy transport 

TC undertakes nationwide goods transportation in heavy duty vehicles. Typical fleets performed 
on a daily basis are:  

• Goods are carried from harbor to customer units.
• Fleets are made on a daily basis carrying agricultural goods.

For instance: Daily 4-6 fully loaded trucks travel carrying potatoes from the warehouse in
Halmstad to the chip production unit in Gothenburg.

II. Construction

Heavy equipment vehicles and heavy construction machineries like excavators, bulldozers, 
Graders for snow plowing, cranes, conveyors etc. are owned by the company. 

III. Environment management

Services like sorting and recycling of the waste are also performed at the company premises. 
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8.2.2 Current fuel use 
Swedish classification of regular diesel (much cleaner than the EU standard) is used for most of 
the fleets [78]. Approximately 40 % of the fleet is run on pure HVO. The HVO was introduced 
in the company in the autumn of 2015. The HVO is bought from the oil supplier company 
Preem. Most of the HVO is produced in Sweden and some is also imported from Finland (Neste 
Oil Company). Recently an HVO tank was installed in the Falkenberg company premises easing 
access to the fuel. It has been disclosed by the oil supplier that HVO up to 50 % is blended with 
the regular diesel. Hence, in addition to pure HVO use; certain quantity of blended HVO in 
regular diesel is also used. 

Figure 17: HVO fuel tank installation in Falkenberg Company premises of TransportCentralen. Photo 
courtesy: Mattias Stendahl Åkeri AB. Used with permission 

Earlier 30 % of the fleets were run on RME (Rapeseed methyl ester) for about two years which 
was stopped due to the taxes imposed on RME. 

Why FAME in particular RME and biogas are not considered as feasible options right 
now? 

RME usage requires cleaning of fuel tank after every use incase if it is to be run on regular 
diesel. It also leads to double service period for fixing filters incurring additional costs. Recently 
Swedish government applied taxes on RME which eliminated the possible expansion for RME in 
the firm. 
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Investments have to be made from the beginning for the HDV adaptability for biogas. This could 
be made possible in cases where a customer prefers the use of biogas and where there is 
agreement with customer with the company for at the least a few years in order to ensure the 
return on investment factor. For example the public transport buses in Halmstad run on biogas 
and they have an agreement with the customers for 5 years.  

Table 11: Data on biofuel use in TransportCentralen. 

Specification of the vehicles 

Number of heavy duty vehicles 120 
Number of heavy duty construction 
machineries 

130 

Weight (tons) 10-64 
Typical fleets - 

32-38 
Length (m) Up to 25 

Fuel economy 

Fuel requirement / month (L) 450000 
Pure HVO use / month (L) 180000 
Blended HVO use (An average blend of 
50 % HVO) (L) 

135000 

Cumulative HVO use (%) 70 % 

Blended FAME use (at 7 % blend) (L) 9450 

Cumulative biofuel use (%) 72.1 % 

Fuel consumption by HDV (L/ Swedish 
mile)a 

4 

Fuel consumption by construction 
machineries (L/ hr) 

8-20 

      a1 Swedish mile = 10 km. 

8.2.3 Specific reasons for the use of HVO 
A drop in fuel- no modifications to the vehicle is required. 

Better prices- As high volumes are brought, often the cost of the fuel is in par or lower compared 
to with diesel price thanks to the tax exemptions. As on 5th of May 2017, the price of HVO (10 
SEK) was lower than regular diesel (10.20 SEK). 

Ease of accessibility- Almost half of the pumps in the cities has fuel filling stations for biofuels. 
Maps are provided by the oil supplier to locate fuel filling stations in the country side. 

Environmental friendly- Leads to reduced GHG emissions. 
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Figure 18: A heavy duty vehicle that uses pure HVO for its fleet at TransportCentralen. Photo by Irshad 
Mohamed. Used with permission. 

8.2.4 Other methods for energy efficiency adopted by the company 
1. Longer and heavier trucks lead to better fuel economy and emission reductions. The

Government has allowed the use of weight up to 64 tons. This is put in practice wherever
applicable.

2. Company makes sure that the palm oil is not used as the raw material for biofuel
production (This is guaranteed by the oil manufacturer). Apart from environmental
concerns, the decision is also due to the fact that there is possibility of tax levied on
biofuels produced from palm oil in future.

3. Average rating of the trucks in TC in Halmstad is Euro class 5.3. The goal is to move
towards Euro standard VI.

4. Drivers are educated and certified for efficient fuel use in trucks.
5. ISO 26000 is the guidelines set by International Organization for Standardization to

encourage socially responsible behavior towards a sustainable environment. TC in
Halmstad uses ISO 26000 as guide for the functioning of the company.

8.2.5 Challenges faced by the company 
HDV manufacturers like Volvo, Scania have approved the use of HVO in the engines. However, 
certain HDV manufactures have not given the approval yet for HVO use in the engines 
especially the heavy machinery manufacturers from Germany, Korea etc. This has slowed down 
the expansion of the biofuel use. 

Additionally, company has not been able to achieve 100 % biofuel use due to the inaccessibility 
to refueling stations in certain regions, other partner company’s preference to regular diesel and 
so on. 
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Most of the trucks from Eastern Europe run on poor Euro class standard of IV or lower. There is 
no quality check performed effectively on these vehicles. Also, they employ cheap labor and are 
paid only when they are on the run unlike TC where the employees are paid as per the country’s 
paying regulations. This Cheap fleet cost and labour cost competition from other transport 
companies especially from Eastern Europe is a challenge for sustainable operation. 

The drivers in TC are paid according to the variations in the DMT (Drivmedelstillägg –Fuel 
Surcharge) index as per the government rules. However, some companies do not pay their 
employees according to the DMT index when the DMT index is high in order to increase their 
internal profit. This eventually reflects in the fleet cost. If the customer opts for a less price 
value, then this leads to a loss in business for TC.  

Test runs are performed in Sweden for the use of longer (up to 30m) and heavier trucks (64-72 
tons). Even though, this is undoubtedly a good option for reduced GHG emissions. From a 
practical point of view, the fleet with longer HDVs within city limits would be a problem. In TC, 
smaller distribution trucks (3-3.5 tons) are used within city limits. Also, this would eventually 
benefit the customers but would be a loss for the company as the employees would be paid only 
less even though more loads are carried. 

EU and Swedish Government propose the use of rail and marine transport in place of road 
transport in order to curb the GHG emissions. A few months back the company had practiced 
using trains for goods transportation in the city of Stockholm. However it was observed that the 
fleet was nearly the same kilometer with and without the use of trains. Using rail or marine could 
be a solution for longer fleets.  

8.3 Discussion of case study 

8.3.1 Guarantee issue from the supplier 
Regulations must be taken to obtain special guarantee from the HDV manufacturers who are 
unwilling on the HVO use in the engines to enable the use of the fuel. However this could mean 
to introduce a special standard for HVO fuel as the fuel even though adheres to all the 
specifications of the regular diesel; it falls out on the energy density factor (similar to EN15940 
standard in EU). Technically, this has least significance in terms of the performance of the 
engine, but it does not satisfy the regulations formally due to this one parameter. Hence some 
truck manufacturers do not give guarantee that the fuel works with the engine especially, in older 
trucks. This has caused hesitation from the consumers to use biofuels. Tests must be done to 
make sure that the fuels work in all working models of heavy transports. 

8.3.2 Availability of HVO fuel 
Based on the current scenario, there is no other effective drop in biofuel except HVO for use in 
the short while. The volume demand would be large if everyone shifts to HVO at once. In order 
to achieve this, long term production for about 10 -15 years is to be planned ahead. 
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To achieve the required volume, the current raw materials available for the production of HVO 
is not sufficient. Insufficiency in the availability of sustainable raw material could encourage 
the use of unsustainable options. A possible solution is to use the raw materials from forest 
along with other raw materials as Sweden has a high potential in forest land. Government has 
to take decision on the use of forest for the production of biofuel. The oil company Preem has 
proposed a plan to the Swedish government. Currently the action point is on the Swedish 
government for the allowance of production of biofuel in large scale and long term basis 
which requires large investments on the fuel plants. The ambition of fossil free transport by 
2030 can be catalyzed if the right policies are taken. 

8.3.3 Competition from other transport companies 
Transport industry is generally a low profit industry in comparison with other industries of 
similar scale. Hence, it is very important to consider the economic consequences in addition to 
the environmental aspects. Fuel use accounts about 20-30 % of the total operating cost. As large 
volumes of HVO are brought by the company, the prices are almost in par with the regular diesel 
where as in retail the HVO price is slightly higher than the regular diesel. Irrespective of the 
HVO prices, fleet cost is determined by an index called DMT (based on regular diesel price) 
Also, if followed closely it can be observed that the price of HVO is based on a subsequent fossil 
fuel comparator unlike an independent pricing on its own. Companies running on unsustainable 
practices like cheap labour and trucks with low euro class negatively affect both the environment 
and other companies which adhere to the sustainability practices. Again, EU and Swedish 
Governments together must take strict quality checks on such firms. 

8.3.4 Use of longer and heavier trucks 
Use of longer trucks would be beneficial for long distance hauls for example the timber industry 
in Sweden where the fleet is between northern and southern part of Sweden. However, for TC 
which is operating in a city like Halmstad, the practicality of longer trucks use is not favourable. 
In addition, considering the fact that the drivers are paid less for more transportation of heavier 
goods is not desirable from company’s business perspective. Also, heavier loads lead to 
increased fuel consumption. But the company ensures the goods load up to 64 tons is carried 
(which is the current Swedish regulation for trucks of length 24-25m) for orders where ever 
applicable that benefits both customer and the environment. 

8.3.5 Rail and marine transport use in place of road transport. 
Most of the fleets in TC are typically within 30 Swedish miles (300 kilometer). When the fleet 
for loading and unloading the goods to and from rail or marine transport from the customer 
premises is considered it does not looks a promising solution as the Stockholm experience has 
taught the company. Rail and marine transport can be considered for fleets which are over 50 
Swedish miles and also for transportation for other European countries. It is therefore important 
for the government to study more about the practicalities of the policies before it is implemented. 
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8.3.6 Use of other biofuels 
With regards to use of DME or other fuels which requires a modification to current vehicle 
structure, TC would do it only in cases where there is a long term agreement with the customers 
(at least 3 years / an optimum, 5 years contract) on the use of a specific fuel so that investment 
cost would be regained in the long run. Availability of fuel refilling stations is also a concern. 

8.4 Conclusion 
Overall, TransportCentralen has been a company with best practices in sustainable logistics. 
Currently, 100 % fossil free transportation has not been achieved by the company mainly due to 
different business scenarios and not specifically due to any technical hurdles. TC has been using 
HVO fuel since 2015; there have been fairly positive results with its use till now. In order to 
draw a conclusion more studies are needed to confirm the economic and environmental 
sustainability of the fuel as it is a relatively shorter term. Also, as demand for the fuel increases 
there could be concerns on the sustainability factor for the fuel. However, if the government 
support remains positive and if production capacity of the fuel is increased with more and more 
actors in the business, HVO could be seen in the HD market for a foreseeable future.  

8.5 Recommendations 
It is recommended to diversify the biofuel options (for e.g. DME fuel) at least in small scale. 
This is important so that a sudden change is market for a specific biofuel in use does not alter the 
progress towards ‘greener transportation’ as was the case with RME. 
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Appendix I 
Table 12: Fuel properties of biodiesel from different feedstocks. 

Properties Biodiesel- 
Soybean 

Biodiesel- 
Rapeseed 

Biodiesel- 
UCO 

Cetane number 47.2 55 55.35 
Viscosity cSt at 313.2 
K 

4.546 4.63 5.14 

Density g/mL at 288 
K 

0.884 0.883 0.8778 

Lubricity wt, g 6050 >7000 >7000 
Flash point 0C 167 163 153.5 
Pour point 0C -1 -4 10 
Cloud point  0C 2 -3 25 
Heat of 
combustion(Btu/l b) 

17153 17241 17184.5 

Acid number 
mg/KOH/g 

0.32 0.13 0.305 

Sediment % 0 0 0.03 
Ash % 0 0.003 0.0025 
Carbon wt % 77.95 77.68 76.115 
Hydrogen wt % 11.98 12.25 12.595 
Oxygen wt % 11.4 10.79 11.435 

Source: Production of Biodiesels from Multiple Feedstocks and Properties of Biodiesels and 
Biodiesel/Diesel Blends, J.A. Kinast 2003[52]. 
[The properties of biodiesels from UCO wastes were calculated by obtaining the average value 
of both low fat UCO and high fat UCO biodiesel samples. In cases where there is nil value for 
one sample, largest of the two values are selected without averaging it]. 
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Abbreviations 

HDV Heavy Duty Vehicle 
GHG Green House Gas 
HC Hydrocarbons 
CO Carbon monoxide 
NOx Nitrogen oxides 
PM Particulate Matter 
HVO  Hydro treated Vegetable Oil 
DME Di Methyl Ether 
ASTM American Society for Testing and Materials 
ANP Agência Nacional do Petróleo 
UCO Used Cooking Oil 
RED Renewable Energy Directive 
CCP Climate Change Package 
ILUC Indirect Land Use Change 
VS Voluntary Schemes 
EC European Commission 
FAME Fatty Acid Methyl Ester 
LBM Liquefied Bio Methane 
ALU Algal Lipid Upgrading 
ED Ethanol- Diesel 
FT Fischer Tropsch 
IH2 Integrated hydro pyrolysis and hydro conversion 
TC TransportCentralen 
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