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1 Goal and Scope
1.1 Goal of the Study
Background
Emissions from fuel combustion and their impact on environment are a very current issue.
Not only global warming, but also contamination of air and soil and the related health
problems, are just examples of many environmental problems fossil fuel combustion
might lead to. A solution to reduce these impacts is to replace the number of cars
running on fossil fuels by those with engines adapted for fuels derived from biomass, the
so-called biofuels. By now, car manufactures provide us with plenty of solutions on this
issue. However, in our report we decided to analyze the most commonly used biofuels
in Sweden: biogas (a gas with a content of approximately 96 % methane) and E85 (a
mixture of 85 % ethanol and 15 % petrol).
The study is carried out within a course on life cycle assessment.

Actual Goal
The goal of this project is to compare two biofuels: biogas and fuel ethanol (known also
as E85). Since both of them are rather environmentally friendly, it had been decided
to find out which of them has lower impact on environment by means of a comparative
LCA, taking different aspects into account.
As not only two different types of biofuels are being compared (biogas and E85), but
also the production of fuel ethanol from two different raw materials (from wood and
from wheat), it is rather an accounting LCA.
However, such studies might be interesting for car manufactures, car users and of
course those who run the production plants. If such a LCA had been carried out for a
car company it might be change-orientated in order to make the vehicles more environmentally friendly. The intended audience is a group of people familiar with LCA ideas
and methodology i.e. students, scientists, researchers interested and involved in biofuels
issues.

Methodology
The study was carried out by means of LCA methodology and software program SimaPro
6.0 was used.
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1.2 Functional Unit
The functional unit is defined as 100 km driven by a passenger car (type of car not
further detailed). That distance should be fairly divided into city area and motorway.
The assumed fuel consumption of the car per 100 km is 7 litres for petrol, 6.3 kg for
biogas and 9.1 litres for E851 . These values have been derived from a car manufacturer
(Ford Focus CMax) [2], developing engines for both renewable fuel types, E85 and CNG
(compressed natural gas) i.e. also biogas.

1.3 System Boundaries
The system boundaries applied in environmental systems studies define which processes
are included in the analysis.
1.3.1 Biogas
The system boundaries of the biogas system had been drawn around the handling and
transport of raw materials, operation of the biogas plant, upgrading and use of the biogas
produced (see figure 2.1). The calculations included the production of inputs used in
these processes, such as energy carriers, chemical fertilizers, vehicles and machinery used
for transport and handling of raw materials and digestates.
Considering the digestates, only their transport back to the farm is included, but
spreading on arable land had not been included. Manure is not included in the system
boundaries as it is more or less a by-product during the cattle, pig and chicken breeding,
and not primarily produced for digestion in a biogas plant. The grave of the biogas is
nature in form of emissions to the air, water or soil during production and combustion.
The construction, maintenance and demolition of biogas plants or of infrastructure
used for gas distribution were not included, as their contribution to the environmental
impact of biogas production systems was assumed to be low [3].
The time horizon applied can affect the results. Here, the focus was basically on shortterm effects of introducing biogas systems, such as changes in the loss of nitrogen due to
changes in the management of animal manure. Long-term effects, for example, changes
in soil organic matter, are not generally included in the study presented here [3]. Most
of the data for the modelling of the biogas life cycle is regarded to be rather current,
except the data for the combustion of biogas is from the year 1997.
It had been tried, that the analyses described in this report mainly refers to Swedish
1

85 % (weight percent) ethanol, 15 % (weight percent) pertrol and additives [1]
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conditions. But due to the lack of site-specific data (except electricity production) it
had unfortunately become more or less general.
1.3.2 Ethanol from Wood
explained in the last year’s report [4] the whole ethanol from wood life cycle could be
drawn into the system boundaries i.e. the production of raw materials, the energy use
and emissions during production and those during combustion. The grave of the ethanol
is nature in form of emissions to the air, water or soil during production and combustion.
As it is the case in the biogas life cycle, we just focused on the short-term effects of
ethanol production from wheat on the environment, as long-term effects would demand
more accurate data, especially site-specific data, to account for additional long-term effects on the environment. The newest possible data was collected, but for the combustion
of the ethanol only the values from [5] could have been derived.
By means of analysing and fetching production parameters from a Swedish ethanol
plant in Örnsköldsvik (www.sekab.se), we managed to keep the LCA for ethanol from
wood more or less site-specific, rather than general.
1.3.3 Ethanol from Wheat
As the wheat grains are primarily cultivated for the production of ethanol, the energy
needed and the environmental impact of cultivation and harvesting were included in the
analysis. Therefore all processes for the production, handling and transport of the raw
material, operation of ethanol plant and use of the ethanol produced (see figure 2.3) had
been included (see also ethanol from wood). Only the transportation of the by-product
(animal feedstock) had been excluded, assuming that it is stored and later fetched from
the plant itself.
As it is the case for the ethanol from wood, we tried do a site-specific LCA, by means
of fetching data from a Swedish ethanol plant in Norrköping (www.agroetanol.se).

1.4 Assumptions and Limitations
Several assumptions and limitations have been made while carrying out this study, further explained in the section, dealing with the source and illustration of the data.
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1.5 Impact Categories and Impact Assessment Method
The following impact assessment categories had been considered in our model:
Global Warming Potential, Photochemical oxidation, Eutrophication, Acidification,
Land Use
The impact assessment methods chosen to quantify those impact categories are the ’CML
2 baseline 2000, V2.03’ (impact categories related to emissions) and the ’Ecoindicator
99 V2.03’ (impact category “Land use”). These two methods have been limited in their
impact categories, to only offer the required impact categories for this study. The chosen
impact categories are subsequently explained in detail.
To cover these impact categories, as much data as possible had been collected on the
use of resources and emissions. The type of resources and emissions can be seen in the
models, included in the appendix of this report.

Environmental Aspects
One of the main reasons for which it is now a worldwide trend to substitute “classical” fuels with biofuels is their significantly lower impact on the environment. However,
there are some facts that should be taken into account while doing LCA for fuels even for
those considered environmentally friendly, namely the emissions during the use-phase.
Although by the use of biofuels i.e. the combustion of them, NOx and green house gas
(GHG) emissions are diminished in comparison to e.g. petrol, some emissions are still
present. The problem of NOx emissions is connected with low level ozone synthesis,
which is a dangerous compound. However the most important environmental problem
is associated with land use. The amount of area needed for crops from which biofuels
are produced is a rather important factor.

Global warming potential (Green house gases)
Emission of green house gases (GHG) which lead to global warming is a current topic.
Some amounts of those gases (such as water vapor, carbon dioxide, methane, nitrous
oxide, and ozone) exist in the earth’s atmosphere by nature. However, due to some
additional emissions caused by humans, these natural levels are increasing. As a result,
earth’s atmosphere is becoming unsettled. That might not only lead to global warming, but also to other effects which are rather difficult to forecast. Emissions from cars
running on fossil fuels and the combustion of fossil fuels in other applications (natural
gas boiler) have very serious contribution to the described phenomena. By using biogas
and ethanol (fuels derived from biomass) rather than fossil fuels, those emissions can be
reduced [6].
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Photochemical oxidation
Nitrogen dioxides (NOx ), is a group of gases which contain nitrogen and oxygen. The
proportions of these two vary among the group. However, all of them are reactive and
impact the environment. One of the major problems is ground level ozone (smog),
created due to NOx and VOCs (volatile organic compounds) reacting in occurrence of
sunlight. This phenomenon is dangerous for human as it might damage lung tissue as
well as for vegetation [7].

Eutrophication
Eutrophication is a phenomena, which occurs when surplus of nutrient substance mainly
phosphorus (P) and nitrogen (N) are released to aquatic reservoirs. Eutrophication is a
natural process. However, due to human activity these compounds are being released in
surplus. The result is an excessive growth of algae and other aquatic plants. The main
reasons for anthropogenic eutrophication are sludge release to reservoirs and fertilizers
which flow to the reservoirs with precipitation. However, also emissions from fuels might
lead to surplus of those compounds in natural environment. Compounds are emitted to
the atmosphere and then return to the reservoir with precipitation.

Acidification
Acidification is a process occurring in the atmosphere when substances such as sulphure
dioxide, nitrogen oxides and ammonia react with vapor. As a result acids are being
produced and they reach the earth surface in form of acid rains, fog or snow. Those
have damaging effect on fauna, flora, soils and buildings.

Land Use
Land use is considered to have the most significant impact on the environment in the
whole life cycle of biofuels. The term “land use” takes into account not only the “occupancy” - the amount of land being occupied by crops - but also the alternations in land
used, the so-called “transformation”. It also includes the impact that occupancy and
transformation might have on biodiversity. The issues covered by the term are diverse
and thus might be difficult to grasp [8]. There is also a trade off between land which
could be used for food agriculture and for cultivation of biofuel crops. One solution may
be the use of agricultural residues for the production of biofuels [9].

1.6 Normalization and Weighting
No normalization or weighting had been carried out in the study.
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2 Life Cycle Inventory Analysis
2.1 Process Flowchart
2.1.1 Biogas

Figure 2.1: Flowchart of biogas production from liquid manure

Biogas typically refers to a mixture of methane (CH4 ) and carbon dioxide (CO2 ).
It is generated when bacteria decompose biomass in the absence of oxygen (anaerobic
digestion). Biogas is regarded as a renewable source of energy since the raw materials
are constantly regenerated. Common raw materials for biogas production are municipal
organic waste, food industry waste, straw, liquid manure and ley crops.
Biogas production
The biogas produced from the process, presented in figure 2.1 consists of 95 - 99 %
methane. In our example biogas is produced from liquid manure, collected and transported from farms nearby the biogas plant. The first stage in the process is pasteurisation
which is used to kill all the pathogens, followed by the anaerobic digestion process. At
this stage biogas, with a methane content of 60 - 70 % is produced. If the biogas is to
be used in vehicles it has to be upgraded (removal of corrosive components, particles,
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water and increase heating value to appr. 50 MJ / kg) to gain natural gas quality. The
upgraded and pressurized biogas is then ready to be used as a fuel in vehicles [10].
2.1.2 Ethanol
Ethanol (ethyl alcohol) is a chemical compound, and the most common representative of
the alcohols. It is flammable, colorless and used for alcoholic beverages but can also be
used as a car fuel in different blends (E5, E10, E85, E95, E100). The number behind the
capital letter “E” indicates the weight percentage of ethanol content in the fuel. In our
report, we focused on the production of fuel ethanol E85 i.e. 85 % (weight percentage)
ethanol, 15 % (weight percentage) petrol and some additives [1].
Ethanol can be produced from biomass, therefore it is also called, a renewable fuel.
In general, the sugar contained in the biomass is metabolized in the absence of oxygen,
producing ethanol and carbon dioxide. A variety of feedstock can be used for the ethanol
production. In the USA the most common feedstock is corn, whereas in Brazil its production is based mainly on sugar cane. Sweden has also been engaged in the research
on ethanol production from cellulose-rich raw materials e.g. wood and wheat.
Ethanol production from wood
Ethanol can be derived from wood (see figure 2.2) by means of different methods (concentrated acid hydrolysis, diluted acid hydrolysis, enzymatic hydrolysis). In this paper
we will focus on the enzymatic hydrolysis, analyzed in the last year’s report too. The
process is composed of three main stages: pre-treatment, enzyme production and enzymatic hydrolysis of cellulose. By dint of pre-treatment, cellulose becomes available for
enzymes and the obtained sugars are fermentated into ethanol. Finally the ethanol is
purified in a process of distillation [11].
Ethanol production from wheat
After cleaning and storing, milled wheat grains are mixed with water. Admixture of
enzymes converts the stage starch, present in wheat grains, into a sugar solution. Subsequently, the fermentation triggered by addition of bakery yeast leads to the production
of ethanol and carbon dioxide (see figure 2.3). Finally, distillation and dehydration are
carried out to purify the ethanol [12].
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Figure 2.2: Flowchart of ethanol production from wood

Figure 2.3: Flowchart of ethanol production from wheat
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2.2 Data
2.2.1 Petrol
The Life Cycle of the petrol (fossil fuel) was only used as a reference system, for the life
cycles of car fuels, produced from biomass (biofuel). The data for the petrol life cycle
had been simply derived from the SimaPro i.e. the production was simply modelled by
choosing the appropriate petrol from the database (“Petrol unleaded stock Europe S”
from ETH-ESU 96 system process from SimaPro).
The figures for the emissions due to the combustion of petrol in light duty vehicles
are shown in table 2.1 and were taken from [5]. We assumed that the transport of the
fuel is already included in the SimaPro process model, and is not additionally included
in the life cycle of the petrol.
Use of 1 kg Petrol

Emissions to air [mg]

NOx

1194,12

SOx

360,804

CO, fossil

6719,6

HC

1121,36

CO2 , fossil

3167,2

Particulates

74,9

Table 2.1: Emissions due to the combustion of 1 kg MTBE blended petrol [5]

Unfortunately the figures used in this study are from 1997, and as it can be assumed
that great progresses had been made in this sector of car engineering, there is a little
uncertainty in those values even as it is not clearly stated which type of light vehicle had
been investigated.
2.2.2 Biogas
The data had been collected from a study, carried out to compare different biogas production techniques applied in Sweden. The study covered the whole production of biogas
from different raw materials and with different techniques, so it was rather simple to
achieve reliable data for our model.
The study discussed several questions as if biogas is energy efficient and especially
the environmental impact of the biogas production. In the course of the answer, it was
stated that the variation in raw materials and digestion processes contributes to the
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flexibility of biogas production systems, but at the same time makes their analysis more
complicated. The energy performance and environmental impact vary greatly between
the biogas systems, depending on the raw material digested and the applied digestion
technique [3]. This fact causes a kind of uncertainty for the biogas production and
its environmental impact, we could not avoid. We tried to focus on the analysis of
a certain digestion technique (anaerobic digestion) and raw material (liquid manure),
mostly common in Sweden, in order to be more specific.
Production of 560 MJ Biogas

Materials/fuels

Liquid manure

1 ton
a

Transport, lorry 40t/CH S

30 km
Electricity/heat

b

Electricity Sweden B250

Heat, natural gas, at boiler atm. 100 kW

134 MJ
a

102 MJ
Avoided products

Fertilizer-N I

c

0,51 kgd

Ammonium nitrate, as Na

1,2 kg
Emissions to air

CH4

336,63 g

Ammonia

- 40 g

N2 O

- 15 g

Nitrogen

- 250 ge

Nitrate

- 1,1 kge

Table 2.2: Data for the production of 560 MJ of biogas (96 % - 99 % CH4 content) [3]
a

Ecoinvent system process SimaPro
BUWAL 250 from SimaPro
c
IDEMAT 2001 from SimaPro
d
data derived from [3]
e
changes in nutrient leakage from arable land due to changes in cropping practice (e.g.
replacement of undigested manure by digested manure) [3]
b

The data, summarized in table 2.2, was mostly fetched out from [3]. In fact, the manure was excluded from the system i.e. the manure (raw material for biogas production)
is outside our system boundaries, and only the handling of the raw material (transport
to the biogas plant) was taken into consideration. For the transportation or collection
of the undigested manure from farms in the vicinity of the plant we supposed approximately 15 km, and another 15 km for the transportation of the digested manure back to
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the farms. The figures for the amount of energy needed to upgrade and pressurize the
biogas to about 250 bar, had just been assumed from [3], stating that about 11 % of the
energy content of the biogas are used for this process. Also the methane losses during
the whole production process have been assumed to amount up to appr. 3 % of the
biogas produced. Due to lack of information on CO2 emissions during the combustion
of biogas, we assumed a CO2 neutral life cycle.
We decided to base our model on the allocation procedure, where the energy requirement for the operation of the biogas plant is expressed as a percentage of the biogas
yield. The energy requirements for the transport and spreading of the digestate are
determined by the dry matter content of the raw materials. Consequently, 1 ton of manure (8 % dry matter) corresponds to 0.8 ton of digestate to be transported and spread.
But as the difference in energy demand and transport between a dry matter content of
8 % and 10 % is not significant, the results do not vary much between the two different
allocation methods [3].
As the production of biogas has two product outputs (biogas and digested manure)
we assumed that the digested manure is used as a fertilizer, as it is the most suitable
means of disposal [3]. For the calculation of the amount of by-product (digested manure
used as fertilizer), we applied the idea that only the difference between undigested and
digested manure should be taken into consideration, as the manure would be used as a
fertilizer anyway. The calculations include both, the direct environmental impact of the
energy conversion and the indirect emissions that are due to the changes in handling of
the raw material. The indirect effects considered here were: (i) changes in the emissions
of CH4 , NH3 and N2 O from the storage and handling of raw materials (e.g. storage of
manure), and (ii) changes in nutrient leakage from arable land due to changes in cropping
practice (e.g. replacement of undigested manure by digested manure). These indirect
environmental effects are not directly related to the replacement of energy systems, but
can affect the results significantly [3].
As different handling of the raw material (liquid manure) is applied i.e. digestion at the
biogas plant rather than on land fills, emissions occuring during conventional handling of
the raw material are avoided or at least reduced (gasses are mostly caught or converted),
resulting in negativ emissions in the SimaPro model. Comparable considerations have
been made, facing the change in nutrient leaching due to the use of digested instead of
undigested manure, leading to less emissions of nitrogen and nitrate to the soil (negative
sign as emissions are reduced).
The end use emissions i.e. the emissions during combustion (see table 2.3) have been
taken from [5].
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Use of 1 kg Biogas

Emissions to air [mg]

CO

838

HC

23000

NOx

1173

CO2 , fossil

0

CH4

22359

NMVOC

669

Particulates

66,9

Table 2.3: Emissions due to the combustion of 1 kg biogas (96 % - 99 % CH4 content) [10]

Calculations
Reference for the calculation of process related values was 1 ton of undigested liquid
manure (raw material)
Heating value of biogas (96 % CH4 content) = 49,908 MJ / kg
Density of biogas (96 % CH4 content) = 0,717 kg / m3
Biogas yield from liquid manure = 7 GJ / ton dry matter1
Liquid manure has 8 % dry matter content1
8 % of 7 GJ = 560 MJ / ton undigested liquid manure
560 MJ = 11,221 kg Biogas
Methane losses = 3 % of whole biogas production = 336,63 g1
13 % of biogas energy content, electricity for production process = 72 MJ1
18 % of biogas energy content, heat for production process = 102 MJ1
11 % of biogas energy content, electricity for upgrading and pressuring = 62 MJ1
Reduced emissions2 of NH3 (Ammonia) = -100 g NH3 / ton liquid manure
Increased emissions2 of NH3 (Ammonia) during spreading 310 g - 250 g =
= 60 g NH3 / ton liquid manure
Net difference in ammonia emissions2 = -40 g NH3 / ton liquid manure
Reduced emissions2 of N2 O = 25 g - 40 g = -15 g N2 O / ton liquid manure
Ammonium content increases from 70 % to 85 % of total nitrogen content1 in liquid
manure during the anaerobic digestion of the undigested liquid manure
1
2

data derived from [3]
indirect emissions due to different storage and handling of raw materials (if minus i.e. emissions are
reduced) [3]
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0,8 % nitrogen content1 = 8 kg Nitrogen / ton liquid manure
Increased ammonium content 6,8 kg - 5,6 kg = +1,2 kg Ammonium / ton liquid manure3
2.2.3 Ethanol from Wood
As we did not focus on the production of ethanol from wood (only used as a reference
for the production of ethanol from wheat), we just fetched the whole data, methodology
and applied allocation procedures from the last year’s report [4] which was based on the
Swedish ethanol plant in Örnsköldsvik.
Though the report seems transparent with regard to data collection and presentation,
some data was missing e.g. additional energy consumption during ethanol fermentation,
or did not seem reliable e.g. green house gas emissions during combustion and fermentation. Additional research had been carried out to fill these data gaps and remove
uncertainty. The figures for additional energy consumption had been derived from [13].
The emissions during combustion and the production of ethanol from wood have been
recalculated with respect to CO2 neutrality during the whole process (see calculation),
since the CO2 which had been taken up during the growing of the wood, is gradually
released during the production and the combustion.
A summarisation of the data related to the production (table 2.4) and to the combustion (table 2.5) is shown in the following tables.
Production of 1 kg Ethanol

Materials/fuels

Sawdust, Scandinavian softwood (plant-debarked)

a

19,035 dm3

Urea, as N, at regional storehouse/RER Sa
Diammonium phosphate, as P2 O5

10,6 g

a

2,35 g
Electricity/heat

b

Electricity Sweden B250

3,686 MJ
Avoided products

b

Yeast

22 g
Emissions to air

CO2

5131,691 g

Table 2.4: Data for the production of 1 kg of ethanol from wood [4]
a Ecoinvent system process from SimaPro
b BUWAL 250 from SimaPro
3

i.e. due to the increased ammonium content the production of 1,2 kg Ammonium nitrate (chemical
fertilizer) is avoided (see table 2.2) [3]
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Use of 1 kg E85

Emissions to air [g]

NOx

0,57

SOx

0,063

CO

9,82

NMVOC

0,66

CO2 , fossil

523

CO2 , biogenic

2962

Particulates

0,057

Table 2.5: Emissions due to the combustion of 1 kg E85 [5]

Calculations
Values derived mostly from [4]
Heating value of E85 = 26,7 MJ / kg
Density of ethanol (E100) = 0,7894 kg / dm3
Amount of Sawdust = 5,082 kg / kg Ethanol
Density of Sawdust = 267 kg / m3
Amount of Sawdust = 19,035 dm3 / kg Ethanol
Gross CO2 uptake of wood for 1 m3 of Sawdust = 452,66 kg CO2 / m3 Sawdust4
Gross CO2 uptake of wood during growing = 8616 g / kg Ethanol
CO2 , biogenic release during combustion = 3485 g / kg Ethanol
CO2 , biogenic release during fermentation = 971 g / kg Ethanol5
CO2 , biogenic release during ligning burning =
= 8616 g - 3485 g - 971 g / kg Ethanol = 4160 g / kg Ethanol
Additional energy consumption = 2,91 MJ / litre Ethanol = 3,686 MJ / kg Ethanol6
2.2.4 Ethanol from Wheat
The data for the life cycle of ethanol from wheat was based on the Swedish ethanol plant
in Norrköping, Agroetanol AB (www.agroetanol.se) [12]. Though some data could be
derived from the webpage, namely from an abridgement of a LCA (life cycle assessment),
4

derived from the Ecoinvent system process from SimaPro “Sawdust, Scandinavian softwood (plantdebarked)”
5
data derived from [14], average value (2,27 - 3,55 MJ / litre)
6
data derived from [13]

16

carried out for the plant itself, some important data gaps concerning the production and
blending of the E85 itself could not be filled with this information.
Although the production of ethanol from wheat is not very mature yet, its production parameters (energy consumption, ethanol yield, emissions, etc.) are nearly siteindependent. Therefore we were able to do some research on data from other LCAs
dealing with this topic or at least other ethanol production plants. The data, summarised in table 2.6, has been fetched from [14] and the comparison with the data,
derived from the LCA from the webpage of Agroetanol showed good consistency.
For the transportation of the E85 (ethanol is blended with petrol and additives directly
at the plant) we assumed 200 km.
In comparison to the biogas life cycle, we could include every process related to the
production of ethanol into the system boundaries. The model for the raw material (wheat
grains) could be taken from the SimaPro database, implicating that all related processes
i.e. seeding, cultivation, fertilising, harvesting etc. to produce the wheat grains, are
included.
The ethanol production from wheat has two product outputs, namely the main output
ethanol, and a by-product, commonly used as an animal feedstock. Instead of a system
expansion of all the other competing biofuel life cycles, we considered a comparable feedstock (protein peas) as avoided burdens due to the related by-product animal feedstock.
The transport of this animal feedstock has not been included in our calculations.
The end use emissions i.e. the emissions during combustion have been taken from the
same source as they have been in the last year’s report [5], shown in table 2.5. At this
point it has to be stated that this dataset causes a small uncertainty as it is rather old,
compared to the proceedings and developments in the car sector.
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Production of 1 kg Ethanol

Resources

Water, unspecified natural origin/kg

10 kg
Materials / fuels

a

Wheat grains IP, at farm/CH S

3,186 kg

a

Transport, lorry 40t/CH S

159,3 kgkm
a

Diammonium phosphate, as N

29,2 g

b

Sulphuric acid B250

29,1 g

Calcium chloride, CaCl2

a

Sodium hydroxide, 50% in H2

0,9522 g
Oa

44,22 g

c

Delivery van 3.5t ETH S

5,175 kgkm
Electricity/heat

Electricity from hydropwr B250

b

1,676 MJ
a

Heat, hardwood chips from forest

6,398 kg
Avoided products

a

Protein peas IP, at feed mill/CH S

1,141 kg
Emissions to air

CO2 , biogenic

971 g
Emissions to water

Waste

water/m3

9,942 litre

Table 2.6: Data for the production of 1 kg of ethanol from wheat [14]
a Ecoinvent system process from SimaPro
b BUWAL 250 from SimaPro
c ETH-ESU 96 system process from SimaPro
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3 Life cycle interpretation
3.1 Results

Figure 3.1: Comparison of contribution of the fuel life cycles on the different impact
assessment categories

The results of the comparison of different biofuels (biogas, ethanol from wood, ethanol
from wheat), will be analysed by means of their impact on previously described environmental impact categories, whereas the life cycle of petrol is used as a reference.
In case of landuse biofuels contribute in a rather high amount compared to petrol,
whose contribution is not significant, as it is the case with biogas, as the manure is out
of the system boundaries.
In the following part of this report we explain the causes for such results in more
detail, in order to be able to give recommendations. The interpretation is based on the
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Figure 3.2: Comparison of contribution of the fuel life cycles on the impact category
“Land use”

analysis of figure 3.1 and figure 3.2 and the detailed information and contribution of
certain processes in the production of the biofuels.

Global Warming Potential
Considering only the three biofuels, ethanol from wheat contributes in the highest
amount to the global warming (GWP = global warming potential). Both, biogas and
ethanol from wood have more than twice times lesser contribution to global warming
than ethanol from wheat.
The cut-off value for both, the flowcharts and the diagrams is 0,5 %, in order to make
them more meaningful and concise. The reason for this is, that we primarily focused on
those process steps that have the largest or a huge contribution to global warming (the
same cut-off value had been used for all the other impact assessment categories).
Biogas from liquid manure
The factors that contribute the most to global warming potential in the biogas life cycle
are methane losses at the biogas production plant (about 3 % of biogas produced, due to

20

Figure 3.3: Chart of global warming potential of the whole biogas life cycle in kg CO2 eq.
cut-off = 0,5 %

leakages), the heat production from natural gas (CO2 emissions), methane emissions during combustion, and CO2 emissions during the transport (see figure 3.3 and figure 3.4).
The transport is greatly energy demanding as the biogas yield from liquid manure is
rather small. It is interesting to state, that the global warming contribution due to the
combustion is nearly equal with the contribution due to avoided indirect emissions (due
to changed handling of raw materials) and methane losses during the production.
Large negative impact on global warming, results from the avoided production of
ammonium as fertilizer, as the digested manure has a higher plant available ammonium
content as the undigested manure. This is due to the fact, that during the production
of ammonium as a fertilizer, high amounts of CO2 and dinitrogen monoxide (N2 O) are
released.
Ethanol from wood
Compared to the competing production technique from wheat, the production of ethanol
from wood has much lower global warming impact. That might be due to the fact that
less emissions are released during the production of the raw material sawdust, than it is
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Figure 3.4: Flowchart of global warming potential of the whole biogas life cycle in
kg CO2 eq. cut-off = 0,5 %
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Figure 3.5: Chart of global warming potential of the whole ethanol from wood life cycle
in kg CO2 eq. cut-off = 0,5 %

the case at wheat grains, as this process is highly energy demanding and requires lots
of fertilizers. Positive contribution is caused mainly by production (burning of lignin
and fermentation, energy use) and combustion. The fact that the raw material and the
ethanol have to be transported and that the ethanol has to be blended with MTBE
(methyl-tertiary-butyl-ether) and isobutanol, has only low impact on global warming.
This might be due to the high ethanol yield from cellulose (e.g. wood) and the small
amounts of MTBE and isobutanol and E85 (see figure 3.5 and figure 3.6).
Ethanol from wheat
Apart from the combustion of ethanol (which always contributes to global warming
potential by generation of CO2 ), it is also the production phase of the ethanol from
wheat that contributes to the GWP significantly. During production green house gases
are released due to the use of energy but also the fermentation process of the biomass,
which results in CO2 emissions. Another contributing fact is, as the production of protein
peas is avoided (by-product after fermentation), the uptake of CO2 during their growing
is prevented too. The fact that E85 contains 15 % of gasoline has low contribution to
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Figure 3.6: Flowchart of global warming potential of the whole ethanol from wood life
cycle in kg CO2 eq. cut-off = 0,5 %
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Figure 3.7: Chart of global warming potential of the whole ethanol from wheat life cycle
in kg CO2 eq. cut-off = 0,5 %
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Figure 3.8: Flowchart of global warming potential of the whole ethanol from wheat life
cycle in kg CO2 eq. cut-off = 0,5 %

global warming, due to the small content of petrol in E85. Enzymes and acids used for
the fermentation of the wheat have also rather low impact. Transport similarly does not
contribute in high amount as the fields are situated rather close to the plant and the
ethanol yield from wheat is rather high.
Growing of the wheat grains has a rather huge negative contribution to global warming,
due to the CO2 uptake during the growth. However, that positive effect on environment
is lowered by the use of fertilizers and machines for seeding, harvesting and cultivation,
releasing CO2 (see figure 3.7 and figure 3.8).

Photochemical Oxidation
In case of photochemical oxidation all three biofuels have nearly equal impact on the
environment, which is approximately 40 % lower than in the case of petrol.
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Biogas from liquid manure
Due to the methane losses during the whole production process as well as during its
combustion, biogas contributes a bit more. Also the fact that heat for the process is
produced from natural gas and electricity from coal and oil, contributes to the photochemical oxidation as well as transportation.
The impact is reduced by the avoided production of ammonium used as a fertilizer,
as its production would release large amounts of sulphur dioxide.
Ethanol from wheat
At both types of ethanol, it is their combustion during which carbon monoxide is released
that contributes most significantly to photochemical oxidation. In the case of ethanol
from wheat, also the fertilization of wheat grains (release of sulphur dioxide) contributes
to photochemical oxidation. The production of petrol for blending, the sulphur added
during the fermentation of the wheat grains, and the fact that heat is produced from a
renewable energy carrier e.g. wood chips, contribute to photochemical oxidation in relatively small percentage. The by-product of the process is an animal feedstock, avoiding
the production of protein peas. Further the production of protein peas would release
lots of sulphur dioxides and carbon monoxide, which on their part would contribute
positively to photochemical oxidation.

Acidification
Biogas from liquid manure
It is biogas that has definitely the lowest impact on acidification. The production of
electricity and heat produced from fossil fuels, the transport and combustion (release
of nitrogen oxides) contribute to acidification, though. But their impact is fully compensated by the by-product (avoidance of the production of ammonium as fertilizer)
ammonium nitrate, during whose production large amounts of ammonia (NH3 ), nitrogen oxides (NOx ) and sulphur dioxide would be released. There are also some indirect
emissions (reduction of ammonia emissions) due to the different handling of the raw
material (use of digested manure instead of undigested manure as fertilizer). These two
facts have a large negative contribution to the acidification potential of the biogas life
cycle.
Ethanol from wood
Ethanol produced from wood has a positive contribution to acidification, which is mainly
a result of the production of petrol (release of sulphur oxides) for the blending, electricity generation from fossil fuels, transport and combustion. The productions of sawdust,
MTBE and UREA have only some minor impact. Some small negative contribution is
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caused by yeast, which is a by-product of this process and leads to an avoidance of the
release of sulphur oxides and nitrogen oxides.
Ethanol from wheat
The highest impact on acidification of all fuel life cycles has ethanol derived from wheat,

Figure 3.9: Chart of acidification potential of the whole ethanol from wheat life cycle in
kg SO2 eq. cut-off = 0,5 %

even more than petrol. That is a consequence of the high use of ammonia as a fertilizer
for the wheat grains (see figure 3.9). Production of petrol, sulphur for the fermentation
and heat from wood contributes only to a small percentage. The huge impact of the
used ammonia fertilizer is not even compensated by the by-product - animal feedstock
(e.g. protein peas), although it leads to an avoided burdens in the release of ammonia
and nitrogen oxides.

Eutrophication
Biogas from liquid manure
The negative contribution of biogas in the eutrophication impact category is due to
the avoided production of ammonium nitrate (see figure 3.10) and the reduced nitrate
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Figure 3.10: Chart of eutrophication potential of the whole biogas life cycle in kg PO4 eq.
cut-off = 0,5 %

content in the digested manure, used as fertilizer i.e. reduced nitrogen leaching. The
only positive contribution is due to the transport of the raw material (liquid manure).
Ethanol from wood
Low impact on eutrophication can be observed during the life cycle of ethanol derived
from wood. Main contributions come from transport, combustion, production of petrol
and sawdust (all of them releasing NOx emissions). Another major fact accounting to
the impact on eutrophication is the use of DAP (diammonium phosphate) for the fermentation of the wood i.e. the chemical process to convert the cellulose in the wood to
ethanol, which pollutes the waste water with amounts of phosphate.
Ethanol from wheat
Among all analysed fuel life cycles, ethanol produced from wheat has the highest contribution to eutrophication. This is mainly due to the use of fertilizers during the production of the wheat grains, containing nitrate, ammonia and phosphate. Contributions
of smaller importance result from the heat generation from wood (NOx and phosphorus
release), combustion (NOx emissions) and petrol production (NOx emissions). Huge neg-
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ative contribution is caused by the avoided production of the protein peas (by-product
used as animal feedstock), leading to avoided emissions of nitrate, phosphate and NOx .

Landuse
As the cultivation of wheat is not that sufficient, compared to wood considering the
landuse, the landuse per litre ethanol yield is twice times higher from wheat than from
wood. However that impact is partly reduced by the avoided production of protein peas.
Ethanol derived from wheat has an impact on the occupation of arable land, whereas in
the case of wood this occupation of forest.
Although biogas has almost zero contribution to the landuse, one might argue that
the production of manure has some contribution. But we excluded it from the system
boundaries, arguing that the manure is produced by cattle, pigs or chicken anyway,
taking it completely out of our system and accounting for it only in the handling of the
raw material. Additionally, it seems that the contribution to landuse due to the transport
and heat generated from natural gas are compensated by the avoided production of
ammonium nitrate.

3.2 Conclusions and recommandations
In the beginning we had set up a specific goal for our study, namely to make a comparison
between two environmental friendly vehicle fuels, biogas and ethanol, and to find out
which one is better for the environment considering the whole life cycle from production
to the end use in vehicles. Petrol, the most common vehicle fuel today was used as a
reference to give a basis for the comparison. The results had already been presented in
detail in the previous chapter.
The modelled life cycles verified the fact that biofuels are better for the environment
than petrol. They are definitely a good way to fight against the most severe environmental problem of our times - global warming. When comparing different biofuels together
it is difficult to make any precise conclusions due to the limitations of the study.
Yet it is justified to say that biogas has lower or equal environmental impacts compared to ethanol in all of the researched impact categories. So biogas is an answer to
our goal specification and recommendation for environmental friendly fuel of the future.
The data for this LCA is collected from different reports so the results give only guidelines for further analysis. Different kinds of assumptions have been made in biogas and
ethanol production processes. Especially the use of biogas by-products to replace chemical fertilizers gave significant negative impact on the results. It is important to note,
that the indirect environmental effects ((i) changes in the emissions of CH4 , NH3 and
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N2 O from the storage and handling of raw materials (e.g. storage of manure), and (ii)
changes in nutrient leakage from arable land due to changes in cropping practice (e.g.
replacement of undigested manure by digested manure)) have great impact on the results. However, in some studies they are considered insignificant and are neglected. Not
only the production of biogas is an important fact, but also the digestion of the manure
in plants to reduce emissions and to improve its quality as a fertilizer. It is important
to note that transport distances should be kept short as the biogas yield from biomass
is rather small.
It is interesting to notice that the choice of raw material has a big impact for environmental load. This was the case between ethanol production from wheat or wood.
Ethanol production from wheat proved to be more harmful for the environment mainly
due to the excessive use of fertilizers during the production of the wheat grains and
higher energy consumption in the process. Even though ethanol from wheat is considered as a biofuel it has worse impact than petrol on acidification and eutrophication.
Apart from the impact on “Land use”, the life cycle of ethanol from wood is rather as
environmentally friendly as the life cycle of biogas.
Although the land use for the production of ethanol from wheat is nearly twice than
for the production of ethanol from wood, this fact is not that significant, as still enough
arable land for the cultivation of wheat grains is avaible in Sweden.
However, the use of fertilizers during the cultivation of the wheat grains should be
considered as their impact on especially acidification is rather high. The use of digested
manure as fertilizer instead of the use of chemical fertilizers can reduce the environmental
impact on that category.
There are several ways to produce biogas and only one has been studied. Environmental impact of biogas production depends on the system design and raw materials that
are digested. Furthermore the choice of biofuel is always made based on local conditions.
For example wood is not available everywhere. Economical costs between different fuel
systems were not considered in this study.
Since there were difficulties in finding current data for emissions during combustion
in vehicles we used relatively old data. Emissions can be expected to have lower levels
as great research is done in this field of car design. All these assumptions affect the
precision of the LCA.
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