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Abstract
This study evaluates the greenhouse 

gas (GHG) reduction potential of bio-
diesel use in Croatia through the context 
of Joint Implementation (JI). The Republic 
of Croatia is a signatory to the Kyoto 
Protocol. Upon its entering into force 
and its ratif ication by Parliament, Croatia 
shall commit to reduce its emissions of 
GHG by 5 percent in relation to the refer-
ence year, over the commitment period 
from 2008 to 2012. In total 39 measures 
have been identif ied to meet the reduc-
tions in all sectors. Biomass is seen as 
a source with great potential in reducing 
GHG among renewable energy sources. 
One of the most promising options with 
respect to liquid biofuels is the production 
and use of biodiesel in the transporta-
tion sector which could play a significant 
role in reducing GHG emissions. A life-
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Scope
and objectives of the study
The main aims of the project are: 

■ to analyse the LCA GHG emissions of 

biodiesel for wider use of biodiesel in the 

transportation sector in Croatia,

■ to assess the emission avoidance 

compared to a baseline scenario without 

enhanced introduction of biodiesel,

■ to asses the benefits related to energy 

balance of biodiesel,

■ to analyse the possibilities of producing 

biodiesel in the framework of JI including 

costs of GHG mitigation through biodiesel 

use.

cycle analysis (LCA) of passenger cars 
and urban (city) buses was conducted 
to compare the overall GHG emissions 
of biodiesel and fossil fuel systems for 
transportation. The mitigation costs for 
GHG emissions reduction are also ana-
lysed and given in € per avoided tonne of 
CO2 equivalent (CO2e). The results dem-
onstrate a significant reduction of GHG 
emissions by replacing fossil fuels with 
biodiesel in the transportation sector, 
with mitigation costs ranging from 243 to 
327 € per avoided tonne of CO2e. GHG 
emissions reduction per unit in energy in 
biodiesel is about 47.7 g CO2e / MJ. This 
study may help policy makers, utilities and 
industry to decide on the most cost effec-
tive GHG mitigation options, and increase 
implementation of similar projects, thouse 
providing Croatia with strategies for 
meeting its emission reduction targets.
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Task 38

For this study the standard methodology 

developed by IEA Bioenergy Task 38 for GHG 

balances of bioenergy systems in compari-

son with fossil energy systems was used.

According to the National Biodiesel project 

rapeseed (Brassica napus L. sspp. oleifera) is the 

preferred crop for biodiesel production in Croatia, 

because of very favourably climate conditions.

The scenario approach was used for the purpos-

es of assessing the future annual production /con-

sumption of biodiesel in Croatia. Three scenarios 

were defined each of them predicting the annual 

biodiesel production /consumption. ”Baseline” 

scenario and “Additional Measures” scenarios are 

based on the National Energy Sector Development 

Strategy. “Maximum potential” scenario is based on 

Figure 1: General standard methodology for calculation of GHG balance

the projections of the biodiesel project within the 

framework of National Energy Programme (BIOEN).

■ “Baseline” Scenario –  

“Baseline” is the most probable scenario, assuming 

the moderate introduction of new technologies and 

relatively slow introduction of reforms and restruc-

turing in energy sector. Data for the purposes of 

this study refers to biodiesel energy demand pro-

jections in year 2005, 2010 and 2020.

■ “Additional measures” scenario – This scenario 

option assumes signif icant change in the overall 

orientation of the Croatian industry and economy as 

a result of the climate change and introduction of 

sustainable development concepts. This scenario 

also assumes implementation of additional meas-

ures for GHG emissions reduction the more formal 

recognition that biofuels,  

particularly biodiesel, are 

one of the most important 

measures in the transport 

sector.

■  “Maximum potential” 

scenario – According to 

the biodiesel project within 

the framework of National 

Energy Program (BIOEN), 

maximum land use for culti-

vation of oil rape in Croatia 

is roughly 400 000 ha. This 

was the starting point in 

determining the oil rape cul-

tivation needs for biodiesel 

production, with peak poten-

tial in 2020.

Figure 2, presents the 

comparison between pro-

duction /consumption of 

biodiesel according to 

the “Baseline”, “Additional 

measures” and “Maximum 

potential” scenario.

Biodiesel is used as 

a motor fuel in vehicles 

and machines with inter-

nal combustion engines 

which normally use a fos-

sil based diesel. For the 

purposes of this study, 

biodiesel will be used by 
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buses in public transport and passenger 

cars with internal combustion engines.

According to the IPCC, when calculating the 

GHG emissions in the transport sector, emissions 

from the systems using biomass equal zero. More 

specif ically, carbon absorbed from the atmos-

phere during photosynthesis equals the amount 

of CO2 emitted during the energy conversion in 

the vehicles. However, the LCA of biodiesel is not 

completely free of GHG emissions. Cultivation of 

rape, transport and biodiesel production require 

additional energy from fossil fuels that must be 

included in the overall emissions balance within 

the LCA. Furthermore, during the biodiesel pro-

duction process some by-products are created, 

such as rape cake in the process of pressing 

and glycerine in the process of esterif ication. The 

GHG emissions reduction strongly depends on 

how these by-products are used and substituted.

The GHG emissions balance assessment was 

done by using the GEMIS model (G lobal Emission 

Model of Integrated Systems) developed in Öko-

Institut in Darmstadt, Germany. Due to insuf-

ficient Croatian national data, the majority of 

data required by the model was taken from the 

extensive Austrian GEMIS database of dif ferent 

process chains for biodiesel systems occuring 

in industry, agriculture, transport, power genera-

tion, etc. (dataset: “GEMIS-Transportation sys-

tems” from JOANNEUM RESEARCH 2003).

Two dif ferent national scales were assumed: 

one to compare the reference fossil to bioenergy /

biodiesel system use in buses, and one to com-

pare reference fossil to bioenergy / biodiesel system 

use in cars with internal combustion engines. 

There were three options in the case consid-

ering biodiesel use in buses / passenger cars:

■ Bus / Passenger car diesel 

■ Bus / Passenger car biodiesel,  

energy use of by-products 

■ Bus / Passenger car biodiesel,  

material use of by-products

The lifecycle of biodiesel for the purposes  

of the analysis included:

■ Set a side land

■ Cultivation of oil rape

■ Transport, drying and storage

■ Pressing

■ Transestering (production of biodiesel)

■ Use of by-products with the substitutions of 

conventional products by the by-products

■ Transport of biodiesel to the fil l ing station and 

fil l ing the biodiesel into the vehicles

■ Combustion of biodiesel in vehicles.

Figure 2: Production of biodiesel  

expressed in energy units

Figure 3: Diesel and biodiesel system flowcharts in terms of GHG emissions for the biodiesel use in buses
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Results
GHG emissions balance for bioenergy 
and fossil reference systems

The results of the calculation within the GEMIS 

model are expressed in grams of CO2e per 1 km 

driven. Figure 3, presents the LCA GHG emis-

sions of the diesel and biodiesel systems in CO2e 

in public transport buses in Croatia.

The comparison of GHG emissions from buses  

and cars with internal combustion engines using 

biodiesel or fossil fuels is shown in Figure 4, per 

1 km driven. The share of CO2, CH4, and N2O on 

the total CO2e emissions is also shown.

The results demonstrate that GHG emis-

sions reduction per unit energy in biodiesel is 

about 47.7 g CO2e / MJ. The comparison of GHG 

emissions illustrates that the LCA GHG emis-

sions of the biodiesel system are lower and even 

much lower than the fossil fuel reference sys-

tem, regardless of the type of vehicle and use of 

biodiesel production by-products.

Overall GHG emissions avoided for 
the defined scenarios

The LCA performed using the GEMIS model 

provided the detailed data of specif ic GHG emis-

sions per 1 km driven on either biodiesel or diesel 

fuel. Based on this overall GHG emissions avoid-

ance data, a national perspective is considered.

Since the GHG emissions are highest in 

the “Baseline” scenario, the emission reduc-

tion potential in case of other two scenarios 

was obtained by subtraction of GHG emissions 

in respective scenario from the GHG emis-

sions in “Baseline”. Emission reduction potential 

for the “Additional measures” and “Maximum 

potential scenario” is given in Table 1.

Possibilities of producing biodiesel  
in the framework of JI

The JI mechanism provides the 

possibility of a more cost-ef fective 

and flexible way to comply with the 

Kyoto protocol. JI projects result 

in emission reduction units (ERUs) which can 

then be used by investing Annex I parties to 

help meet their emission targets. The Republic 

of Croatia, as a party included in Annex I to 

the protocol, has the possibility to partici-

pate in the GHG emissions reduction projects 

within the framework of the JI mechanism.

On the basis of the calculated annual emission 

reduction potential given in Table 1, the emis-

sion reduction potential for Kyoto commitment 

period (2008 – 2012) was calculated (Table 2).

From these results it can be concluded 

that there is a potential for implementation 

of GHG emissions reduction through biodie-

sel projects in Croatia by the JI mechanism.

Costs of GHG mitigation  
through biodiesel use

The GHG mitigation costs were analysed 

based on the economic comparison of the total 

transportation costs in the case of biodiesel and 

diesel use respectively. According to a feasibil-

ity study introducing the biodiesel fuel produc-

tion in Republic of Croatia, the production cost 

of biodiesel from rapeseed without subsidies 

from Government would be between 0.0263  and 

0.0306 € / MJ. The production costs of diesel 

fuel including taxes is about 0.0194 € / MJ.

Year 2005 2010 2020
Scenario “With additional measures” 0.00 38.63 183.12
Maximal potential scenario 2.46 158.57 624.25

Annual emission reduction potential in CO2e [kt]

Table 1: Annual emission reduction potential CO2e [ kt ]

Figure 4: Comparison of GHG emissions of cars with internal combustion engine driven with biodiesel and diesel

CO2e [g / km]
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13.91 24.37 38.57 47.22 57.00 181.08
67.95 107.69 158.52 188.50 221.73 744.38

[kt]
Emission reduction potential for Kyoto comitment period in CO2e

Table 2: Emission reduction potential  

for Kyoto commitment period in CO2e [ kt ]
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Conclusions
This study provides information on the LCA GHG 

emissions, national emission reduction potential and 

GHG emissions mitigation costs in using biodiesel as 

a substitution fuel in Croatia. The results of the study 

demonstrate that using biodiesel in the Croatian trans-

portation sector results in much lower GHG emissions 

than when using fossil fuels. In that sense, enhanced 

use of biodiesel in the transportation sector could be 

a valuable contribution to meet Croatia’s GHG emis-

sions reduction commitments under the Kyoto protocol. 

The mitigation costs of replacing diesel by biodie-

sel are in the range 243 – 327 € per avoided tonne of 

CO2e. These results demonstrate that GHG emissions 

reduction per unit energy in biodiesel is about 47.7 g 

CO2e / MJ. Nevertheless, the results of the study il lus-

trate that there is a potential for achieving GHG emis-

sions reduction through biodiesel projects through 

the JI mechanism. The primary barrier implement-

ing this type of JI project in Croatia is that Croatia 

has not resolved its baseyear inventory data yet.

The results of this study should help policy mak-

ers evaluate the GHG emissions reduction potential 

of biodiesel projects in Croatia and the compilation 

of reduction scenarios in connection with the Kyoto 

Protocol. For more detailed information please see the 

full report (www.joanneum.at / iea-bioenergy-task38/ 

projects / task38casestudies /cro-fullreport.pdf )
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of CO2e. These mitigation costs of replacing 

diesel by biodiesel are shown in Table 3.

Substituted fossil system

€ / t CO2 equivalent avoided
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Biodiesel / rapes – option II 327

Table 3: Mitigation costs for GHG reduction  

with biodiesel in the transportation sector
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IEA Bioenergy (www.ieabioenergy.com) is an 

international collaborative agreement, set up in 

1978 by the International Energy Agency ( IEA ) to 

improve international cooperation and information 

exchange between national bioenergy research, 

development and demonstration ( RD & D ) programs. 

IEA Bioenergy aims to realize the use of environ-

mentally sound and cost-competitive bioenergy on 

a sustainable basis, thereby providing a substantial 

contribution to meeting future energy demands.

IEA Bioenergy Task 38 brings together the 

work of national programs in 13 participating 

countries on Greenhouse Gas (GHG ) Balances 

for a wide range of biomass systems, bioenergy 

technologies and terrestrial carbon sequestra-

tion. As one example of work, case studies have 

been conducted by applying the standard meth-

odology developed by the Task 38. In the case 

studies GHG balances of dif ferent bioenergy and 

carbon sequestration projects in the participat-

ing countries have been assessed and compared, 

of which that of New Zealand is one example.
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