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Environmental issues due to the climate change have been in the centre of interest of 

universities, companies and business management in the last few years all over the world.  

Therefore, some international agreements and rules were put in place in order to limit the 

emissions. As a result, there is a growing interest among researchers to investigate 

abatement options for carbon emissions. It is also possible to cut emissions by shifting to 

less polluting vehicle types and calculate CO2 emission by some calculate methods. 
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INTRODUCTION 

 

Due to of expanding economies and international trade, transportation-related energy 

demand will increase by more than 40 percent from 2010 to 2040. Most of this demand is 

driven by commercial sources such as trucks, planes, ships and trains. At the same time, 

personal vehicles are becoming significantly more energy-efficient. Although the number of 

cars on the road will about double, advances in automotive technology (such as hybrid cars) 

keep global personal transportation energy demands relatively steady. The genre/type of fleet 

of vehicles will be changed what is shown in figure 1. 

The transport sector is one of the fastest growing energy demands of the branch of 

worldwide economy. Transportation is very closely related and associated to oil sector. We 

can produce electricity from many different fuels but 96% of transportation runs on fuel made 

from oil [1]. The challenge that faces today from the world of science is finding a solution to 

increase the independence from oil and to reduce CO2 emission in the transportation. By 2030 

heavy-duty vehicles will have become the largest transportation demand segment just like 

aviation and marine transport which grow significantly. The trend mentioned above is shown 

at Figure 2. 
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Figure 1. Vehicle fleet by type 

Source: 2012 The Outlook for Energy: A View to 2040, Exxon Mobile 2013, p.7. 

 

 

 
Figure 2: Global transportation demand by sectors and types 

 

Reducing emission of CO2 is a global priority developed among others at a conference 

in Kyoto. By 2020, the sectors not covered by the system of emissions trading, such as 

transport (except aviation, which will be covered by the scheme in 2012), agriculture, waste 

and households should to reduce their emissions by 10 % compared to 2005 levels [2]. 

Because different countries are at different stage in their economic development CO2 

emission patterns through 2030 vary enormously between OECD and non-OECD country 

groups. Growth in CO2 emission will be dominated by China, India and others non-OECD 

countries while through 2030 and beyond OECD countries will lead more efficient and 

smaller carbon and oil consumption. There is significant potential for reducing consumption, 

especially in energy-intensive sectors such as construction, manufacturing, energy conversion 

and transport [3]. Estimate of CO2 emission is shown at Figure 3. 
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Figure 3. CO2 emission in OECD and non-OECD countries 

 

The pollution reduction is also important subject of scientific and academic research. 

The solution is in developing of clean fuels. Clean fuels in the process of complete 

combustion emit only carbon dioxide and water vapor without any burning residues or 

emission of black smokes. The clean fuels contain the lowest amounts of aromatics, either as 

single or multiple benzene rings, beside the minimum traces of sulphur and nitrogen 

compounds. Clean gasolines are free from alkylated lead compounds, which are used to 

achieve the requested octane numbers. [4] The research realized under grant of Ministry of 

Science and Higher Education in Poland focused on new methods of CO2 reduction and 

search new methods and technologies of transport biofuels production. Interest in 

environmental protection had already begun in the 70s of the previous century, after the first 

energy crisis and the development of the Environmental Report for the Elite Club of Rome. 

At the beginning of last decade, in 2001 and 2003 two important directive promoting the use 

of renewable energy sources for use in electricity, 2001/77/EC [5] and Directive 2003/30/EC 

[6] - latter concerned the promotion of transport bio-fuels were developed and implemented. 

Unfortunately not met indicative targets set in Directive 2003/30/EC, as it was not mandatory 

and there were many barriers to the development of biofuel sectors. Therefore, instead of 

5.75% biofuels in transport by 2010 achieved rate was 4.8% in terms of energy. Taking into 

account the experience gained from previous implementations of the Directive 2003/30/EC, 

and as a result of growing environmental awareness of the EU Directive 2009/28/EC [7] was 

(and related directives) to promote the use of renewable energy. According to this directive, 

Poland adopted a mandatory duty not less than 15% share of renewables in total final energy 

use by 2020. Special attention was paid to the transport sector, for which in 2020 set the 

objective indicator of 10% share of renewable energy (in energy terms) in total transport fuels 

used. Transport is one of the branches of the EU economy, in which CO2 emissions are 

increasing at a rapid pace. Also in the Polish case, the transport sector, especially road 

transport requires, has special efforts because of the growing greenhouse gas emissions. The 

Directive imposes the recognition of the implementation of compulsory targets for biofuel to 

meet the strict criteria for sustainable production and a correspondingly high rate of emissions 

reduction, which mainly affects the emission of CO2. This means that the target of 10% 

biofuels share in transport fuel market should be made only in a sustainable manner, i.e. 
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without the negative social and environmental consequences. Establishing criteria for 

sustainable production means, therefore, that the quality rather than quantity will be put at 

first place in pursuit of this goal. This opens up a wide scope for innovation in improving the 

quality of biofuel. The second indicator, the reduction of C02 emissions, is an indicator which 

is changing dynamically over time. Requirements (described in the Directive 2009/28/EC) in 

this field are increasing as follows: 

1- after the 1st quarter of 2013 r, the reduction of CO2 emissions should not be less than 

35%, 

2- after 2016, reducing CO2 emissions should not be less than 50%, 

3- after 2017, reducing CO2 emissions should not be less than 60%. 

 

These indicators are difficult to achieve by Polish producers of transport biofuels. For 

example, bioethanol produced in the 2-phase system (agricultural distillery-transport-

company-transport-dehydrating plant blending) has reduced CO2 emissions of just about 20%. 

In the case of advanced biofuel production plants to reduce CO2 emissions 1. generation 

reaches 50%. It can be concluded that all 1. generation transport biofuels, to which Poland has 

a substantial production capacity (in most modern, created after 2004) after 2016, will not 

meet the requirements of the Directive 2009/28/EC. It should take steps to improve this 

disadvantage after analyzing the existing facilities, possibly to work to build 2.generacji 

biofuels (high CO2 emission reduction), or produced from different waste materials. If we do 

not adapt production capacity to the requirements of Directive 2009/28/EC we will bear 

concrete, measurable impact, reducing revenues to the firms, capacity utilization, reduce 

agricultural production in the sectors of transport biofuels, and the whole country (and limited 

tax revenue to the state budget, the penalty Directive 2009/28/EC for failure and derivatives) 

[8]. 

 

TYPES OF SUBSTANCES THAT AFFECT THE FORMATION OF THE 

GREENHOUSE EFFECT 

 

Pollutants emitted into the atmosphere can come from anthropogenic sources, which are 

related to human activities and also from natural sources. To limit environmental pollution 

and to slow the rate of increase of CO2 concentration, responsive long term energy mix 

strategies exploiting the maximum potential of non-greenhouse gas emitting energy sources 

need to be developed and implemented as rapidly as possible [9]. To the group of the most 

dangerous substances for the environment we can included: sulfur dioxide, nitrogen oxides, 

nitrous oxide, hydrocarbons and their derivatives, such as aldehydes, ketones, alcohols, 

chlorinated, carbon oxides (including carbon dioxide and carbon monoxide), methane, dust, 

heavy metals , ozone and peroxides. 

Among the gases mentioned above, the greatest influence on the formation of 

greenhouse effect has carbon dioxide, methane, nitrous oxide, and ozone halogenated. The 

main source of carbon dioxide emissions into the air are: crude oil combustion processes - 

42% of total CO2 emissions and coal - 36% of the total emissions. The methane occurs in 

natural environment in the anaerobic decomposition of plant debris. Global methane 

emissions from anthropogenic sources are mainly caused by livestock (30% of total emissions 

NH4) and rice cultivation (27%). To the significant sources of methane we can also include 

the extraction of coal and natural gas, and landfill waste, which occurs from the fermentation, 

the uncontrolled emissions. The main source of nitrous oxide emissions is from agriculture 

and from using of nitrogen fertilizer and some decomposition of leaves and crop residues. The 

biggest emitter of this kind of gas all over the world is India and China [10]. 
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Over the last 150 years there has been a significant increase in the concentration of 

greenhouse gases in the atmosphere. This is even reflected in the gradual increase in the 

average temperature on Earth. 

 

The methodology for estimating greenhouse gas emissions caused by the 

production and use of transport fuels, biofuels and bioliquids defined in Directive 

2009/28/EC (Annex V, Part C) 

 

One of the main requirements of the Directive 2009/28/EC is to introduce the biofuel 

sustainability criteria and the minimum required levels of greenhouse gas emissions. The 

adoption and implementation of these provisions should serve to reduce the uncontrolled 

exploitation of the environment and reduce the devastating effects of the oil industry. 

Sustainability criteria can be divided into two areas: 

- sourcing of raw materials for biofuel production with maintaining the protection of 

areas of important role for nature, 

- achieve minimum levels of greenhouse gas emissions generated during the production 

of biofuels compared to conventional fuels. 

Raw materials for the production of biofuels fulfilling the sustainability criteria can not 

be obtained from the area, which in January 2008 or later, received the status of areas of high 

biodiversity value and land with high carbon stock, which in January 2008 had the following 

status, but it do not have at this moment. Agricultural raw materials cultivated in the 

Community and used for the production of biofuels must be collected by the applicable rules 

of good agricultural according to Council Regulation (EC) No 73/2009 of 19 January 2009. 

Starting from the 1st January 2017, reducing greenhouse gas emissions 

resulting/coming from the using of biofuels and bioliquids should to reach at least 50%, and 

from 1st January 2018 - at least 60% for biofuels and bioliquids produced in installations in 

which production started on 1st January 2017 or later. 

Greenhouse gas emissions from fuels (E) are expressed in grams of CO2 equivalent per 

MJ of fuel (gCO2eq/MJ). Emissions from the extraction or cultivation of raw materials 

include emissions from the process of raw material extraction or cultivation, collection of raw 

materials, waste and leakages, the production of chemicals or products used in extraction or 

cultivation. The calculations do not take account of the capture of CO2 in the cultivation of 

raw materials. 

Reducing greenhouse gas emissions from biofuels and bioliquids shall be calculated as 

follows: 

 

LIMIT = (EF – EB)/EF 

where:  

EF = total emissions from biofuels and bioliquids (the latest available actual average 

emissions from the fossil part of petrol and diesel consumed in the Community as reported 

under Directive 98/70/EC. In the absence of such data use is set to 83.8 gCO2eq/MJ) , 

EB = total emissions from the fossil fuel. 

 

Characteristics of BIOGRACE Calculator as a Tool to Calculate the GHG Emissions 
 

One of the most useful tools for calculating greenhouse gas emissions (currently 

available in Europe) is: BIOGRACE version 4. Calculator has been developed by an 

international consortium for the project BIOGRACE "Harmonized Calculations of Biofuel 
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Greenhouse Gas Emissions" (http://www.BioGrace.net/). The calculator is fully consistent 

with the methodology for estimating greenhouse gas emissions caused by the production and 

use of transport fuels, biofuels and bioliquids defined in Directive 2009/28/EC (Annex V, Part 

C) and facilitates the implementation of the provisions of the Directive. 

Calculator allows estimating the agricultural GHG emissions moreover emission and 

limited emission throughout the life cycle of biofuels (LCA) for 1 MJ of fuel produced. It 

means that the functional unit of this calculator is the production and use of 1 MJ fuel. 

Emissions are estimated for the three of the major greenhouse gases: CO2, CH4, and N2O. It 

is also possible to show the aggregate value, expressed in equivalent emissions of carbon 

dioxide. 

 

BIOGRACE methodology for estimating greenhouse gas emissions at the stage of 

cultivation of raw materials includes: 

• production of seed / planting material, 

• fertilization (N), 

• phosphorus fertilizer (P2O5) 

• potassium fertilizer (K2O), 

• fertilising lime (CaO), 

• pesticides, 

• Fuel consumption for the execution of all field operations, 

• N2O field emission, 

• emissions (on an annual basis) due to carbon stock changes according to land use 

change, 

• emissions from the accumulation of carbon in soils through improved agriculture. 

 

Under calculator, it is possible to use the default values set out in Annex V to the 

Directive, as well as the entering of values arising from other sources such as surveys and 

estimates of own researches. One example of the application to the calculation of other than 

standard are emissions from the production of nitrogen fertilizers. 

 

SimaPro as a tool for environmental life cycle assessment LCA of transport 

biofuels and raw materials for their production 

 

Life Cycle Assessment LCA is a "technique designed to assess the environmental risks 

associated with a product or system performance, both by identifying and quantifying energy 

and materials used and wastes released into the environment, as well as assessing the impact 

of these materials, energy and waste on the environment" [11]. 

One of the widely used and widespread tools to perform analysis LCA is software 

SimaPro developed by the Dutch company Pré Consultants [12]. This tool has a number of 

characteristics to perform a precise analysis, while maintaining its versatility for many 

applications. SimaPro is equipped with 17 methods for determining the environmental impact 

of the products. 

The method used in SimaPro is Eco Indicator method. Eco Indicator method is based on 

evaluation of damage caused in environment by the impact of the process or product. Damage 

assessment is carried out on the basis of estimates of the burden associated with particular 

categories of impacts. Examines the impact on: human health, ecosystem quality and natural 

resources. 
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Standard ecological indicators have been developed for materials, production processes, 

transport, energy and waste management. To calculate Eco Indicators the individual processes 

are taken into account all of their components. Outlined the advantages and disadvantages of 

GHG emissions calculation methods and the ability to modify them. 

Both SimaPro and calculator BIOGRACE are valuable tools for estimating emissions 

associated with the cultivation of raw materials and the production of biofuels. SimaPro is, 

however, a program in which GHG emissions is only one of the elements of the overall 

environmental impact of the life cycle of biofuels, while converter BIOGRACE focus only on 

calculating emissions. 

BIOGRACE converter is fully compliant to the provisions of the Directive 209/28/WE 

and can serve as a tool to verify the results obtained using SimaPro. 

Both described above GHG calculation tools have some drawbacks. If SimaPro biggest 

drawback is the uncertainty of the result associated with the quality of the data analysis and 

assignment of GHG emissions each material and energy outlays. However, a disadvantage is 

the lack of a calculator BIOGRACE uniform methodology for estimating field N2O emissions 

associated with the use of nitrogen fertilizers and distribution of leaves remaining on the 

plantation and crop residues for cereals. 

 

BIOETHANOL IN POLAND 
 

I-phase production of bioethanol - the process of producing distillate and dehydration in 

one plant/one works , without necessity to transport the distillate to the dehydrating facility. 

II-phase production of bioethanol - a process consisting of Phase I - distillate production 

at the distillery, then its transport to a special facility and Phase II drainage - drainage of 

distillate alcohol to a concentration level of 99.7% 

 
Table1: Alue of CO2 reduction for selected biofuel calculated as Biograce method 

 
Type of plant/works Value of CO2 reduction 

Bioethanol is produced from mixtures of corn, rye and 

waste from the bakery by the second-phase (coal and oats as 

fuel for firing the boiler steam) 

-13 ÷ -18% 

 

Bioethanol from wheat produced technology II - phase 

(coal used + sun oats 

steam boiler) 

-18% 

Bioethanol produced by I-phase of wheat 

(coal as a fuel for steam boiler, without 

cogeneration plant (without CHP) 

14 ÷ 20% 

Bioethanol produced by I-phase of wheat 

(natural gas as fuel for the steam boiler, the boiler 

high-performance) 

31 ÷ 34% 

 

Bioethanol produced by I-phase of wheat 

(natural gas for firing the boiler 

use of cogeneration of heat and 

electricity) 

45÷47% 

Bioethanol produced by I-phase with corn 

(natural gas for firing the boiler 

use of cogeneration of heat and 

electricity) 

45÷55% 
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As it is clear to see from the data presented in the table 1 bioethanol produced by phase 

II has a much higher emissivity than bioethanol and CO2 phase. The fact that the higher 

emission is mainly due to the need to transport the plant distillate drainage. An additional 

factor is the we use in Polish distilleries (especially during the production of the II-phase) 

obsolete steam boilers with low efficiency results in a much greater demand for fuel, and thus 

more energy [MJ] attributable at 1 MJ biofuel produced. Negative CO2 reduction indicates 

that biofuel didn’t fulfill any norms and emission standards set out in Directive 2009/28/EC. 

Currently, a large Polish part of the bioethanol plants using outdated process II - phase. 

 

CONCLUSION 

 

Potential future source of energy used in transport is electricity, biofuels, synthetic 

fuels, methane (natural gas) and, as a supplement – liquid LPG. Road transport over short 

distances should be covered by electricity; at medium distances by eg methane, in the case of 

long routes the best will be biofuels or LPG. 

Reducing CO2 emissions in the transport sector is a priority in the European Union. In 

order to facilitate the measurement of emissions, the European manufacturers of commercial 

vehicles have developed a calculator that allows determining the level of actual CO2 emission 

of trucks and buses before they would be purchased. Market realities play a key role in 

reducing CO2 emissions in road transport, so accurate tool will soon assist potential buyers in 

the decision to choose energy-efficient vehicle, with optimal parameters tailored to the 

specific area of transport. Emissions in the individual utility cars (trucks, LCV, buses) is 

varied and depends on primarily on the total weight of the vehicle, its shape and the type of 

carriage performed. Therefore - in contrast to passenger cars - we can not determine the 

average CO2 emissions for a single commercial vehicle. The method used in the calculator is 

a computer simulation carried out based on actual tests, using trucks and buses nearly all 

categories, ranging from city buses and garbage trucks through vehicles, a vehicle for ending 

long-distance transport. Each car emits different value of CO2. 

Biomass could offer near-term business advantages and more strategic, long-term value. 

The benefits obtained from biomass power generation, such as waste reduction, emissions 

offsets, and local economic growth, can enhance the technology's overall appeal to utilities. 

The future of biomass electricity and energy generation depends also on biomass integrated 

research which offers high energy conversion efficiencies and will be further developed to run 

on biomass produced fuels. 
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