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ABSTRACT
Nowadays, when the energy, industry and transport sectors are adapting to climate change and need to 
reduce their environmental impact, it is vital that the optimal solutions are found for individual countries 
and their different circumstances. Territories, which have a hydrocarbon deficit, should use non-conven-
tional energy sources while the countries with substantial resources of hydrocarbons should be focused 
on the strategy of raising the energy efficiency, i.e. to reduce the specific consumption of fuel consumed. 
The paper discusses these scenarios and describes some innovative technologies for both cases. Energy 
production from biomass is encouraged in some European countries by the granting of generous eco-
nomic subsidies so that renewable energy plants, such as anaerobic digestion plants that produce biogas 
for use in internal combustion engines, in particular, are receiving much funding. An alternative technol-
ogy for biogas valorisation could be that of biomethane (so called green gas) production through biogas 
purification and upgrading processes to remove CO2, H2S and water vapour. Different technologies have 
been proposed to remove CO2 from gas streams, such as physical absorption, absorption by chemical 
solvents, cryogenic and membrane separation and CO2 fixation by chemical or biological methods. 
Production of biomethane and its introduction into the natural gas grid or its use as a fuel for vehicles 
could increase the energy efficiency and reduce specific emissions (combined cycle gas turbines, district 
heating of CHP units, methane powered vehicles). A simple and low-cost method of improving energy 
efficiency and environmental safety of transport by introducing into hydrocarbon fuels micro doses of a 
universal multifunctional additive is proposed. The method will make a significant contribution towards 
solving the problems of adapting to global climate change and improving the environment. It is capable 
of reducing specific fuel consumption by up to 12% and the requirements for a gasoline octane number 
by 10 points. It significantly reduces emission levels of greenhouse gases and toxic substances and pro-
vides complex improvement of the properties of fuels and the condition of engines.
Keywords: biogas, biomethane, climatic adaptation, energy efficiency, environmental safety, hydrocar-
bon fuels, multifunctional additive.

1 INTRODUCTION
According to the assessment of the International Resource Panel [1] the annual global use of 
material reached 70.1 billion tonnes in 2010, up from 23.7 billion tonnes in 1970. Thereby, 
over the past four decades, global material use has tripled and this has led to an acceleration 
of the processes of climate change and air pollution.

This creates serious challenges concerning the sustainability of modern civilization. Pri-
orities and national solutions in terms of climate protection and the reduction of the overall 
environmental risk should be individualized in accordance with local conditions and oppor-
tunities [2, 3]. In particular, the situation with the generation of electricity and transport 
development in Europe, a hydrocarbon deficient region, is different from that of Russia, the 
world’s largest producer of oil and gas. Table 1 shows the total proven Russian hydrocarbon 
reserves in comparison with the values of reserves in the world as a whole and those in 
Europe and Eurasia.
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Therefore, the task of selecting the optimal technologies must take into account the local 
conditions. For the countries with substantial hydrocarbons resources an important task is the 
overall increase in energy efficiency, which will contribute to the growth of competitiveness 
of the national economy. It is important for European countries to focus their efforts on pro-
gress in technology that will reduce the cost of alternative energy. Figure 1 shows the 
dynamics for the consumption of biofuels (except for fuel ethanol and biodiesel) for some 
European countries.

It is necessary to direct investment flows to projects that improve energy efficiency and 
develop new technologies in energy, industry and transport. In addition, there is a require-
ment for the immediate implementation of low-cost measures that take into account the local 
conditions. Such measures can have a significant impact in the short term.

2 AN APPROACH TO BIOGAS VALORISATION
In order to reduce and minimize the effect of greenhouse gas (GHG) emission the European 
Union with the Directive 2009/28/EC has promoted the use of renewable sources, for the 

Table 1: Total proved reserves of oil, natural gas, and coal*.

Reserves

Total World Europe and Eurasia Russia

Billion 
tonnes**

Share of 
total, %

Billion 
tonnes

Share of 
total, %

Billion 
tonnes

Share of 
total, %

Share of Europe 
and Eurasia, %

Oil 239.4 100.0 21.0 9.1 14.0 6.0 67.0

Natural 
Gas

186.9 100.0 56.8 30.4 32.3 17.3 56.8

Coal 891,531 100.0 310,538 34.8 157,010 17.6 50.6

*Based on the data from Ref. [4].
**The data for natural gas are indicated in trillion cubic metres.

Figure 1: Dynamics of biofuel consumption (based on the data from Ref. [4]).
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energy production, instead the fossil fuel. In this context the use of biomasses is an interest-
ing example of this application.

In the field of biomasses conversion to energy we can identify two different possibili-
ties mostly connected to the molecular structure and to the water content of the biomasses 
[5, 6]:

•	 Thermochemical processes (in particular direct combustion, gasification and also py-
rolysis): these processes are convenient for biomass with carbon to nitrogen ratio (C/N) 
higher than 30 and with a moisture content lower than 30%. In this category we find all 
the vegetable biomasses;

•	 Biochemical processes (in particular anaerobic digestion): these processes are suitable 
for biomass with carbon to nitrogen ratio (C/N) lower than 30 and with moisture higher 
than 30%. In this category we find the aquatic cultures, some agricultural by products, 
municipal and industrial effluents.

In this study the authors analyzed in particular the biochemical processes with the anaerobic 
digestion of different biomasses (agricultural products such as for example maize silage, 
sorghum and organic waste), which in fact is today the most widespread technology used in 
order to obtain bioenergy. According to research performed by the Fraunhofer Institute [7], 
there were about 10,000 biogas units in Europe in 2012 with the expected increase to 13,500 
by 2016.

The biogas produced from anaerobic digestion of different biomasses is in gen-
eral valorized from the energetic point of view using internal combustion engines [8]. 
In this way the production of electric energy or combined electric and thermal energy is  
possible.

Biogas produced by anaerobic digestion is composed mainly by methane  
(40%–65%) and carbon dioxide (25%–60%). Trace amount of other components 
such as water (2%–8%), hydrogen sulphide (0.005%–1.5%), nitrogen (<2%), ammo-
nia (<1%) and carbon monoxide (<0.6%) can be present. In account of the great amount 
of methane present an alternative use of biogas is the production of biomethane [9, 10]. 
Biomethane, if adequately compressed, could be used as fuel for vehicles or injected into 
natural gas pipeline. In order to obtain the biomethane the biogas treatment processes are  
divided into:

•	 biogas cleaning to remove trace components harmful to the natural gas grid through 
chemical physical and biological processes;

•	 biogas upgrading, where CO2 is removed to meet the purity and calorific value required 
for natural gas use.

•	 Biogas upgrading techniques could be [9–11]:

•	 physical absorption with pressurized water;

•	 physical absorption with pressurized organic solvent;

•	 chemical absorption with aqueous alkanolamine solutions (MEA/DEA etc.);

•	 pressure and Vacuum Swing Adsorption (PSA/VSA);

•	 membrane separation;

•	 cryogenic separation.

The most applied techniques in Europe are absorption with pressurized water and PSA.
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2.1 Biogas plant

In the present study some results reported in a previous work [12] are reported and analyzing. 
In particular the study analyzes an anaerobic digestion plant (mesophilic condition) fed with 
cattle slurry and maize silage.

From the energetic point of view the available thermal energy of the produced biogas is 2.5 
MW [13]. Table 2 and Figure 2 show the specifics of the studied biogas plant.

2.2 Environmental evaluation and comparison between the production and use of biogas 
and the production of biomethane

In this section the results of the implementation of the dispersion model for the two alterna-
tive solutions: anaerobic digestion plant and valorization of the biogas with combustion  
(Fig. 2) and production of biomethane (Fig. 3) are reported and analyzed. The pollutants 
analyzed are NOx and PM (particulate matter) (that are the two main contaminants responsi-
ble to the local impact) [12].

In order to evaluate the pollutant dispersion a Gaussian model was used. The meteorological 
data was supplied by the Piedmont Regional Agency for the Environmental Protection (ARPA).

Table 2: Specific features of the analyzed plant.

Substrates
Input 
(t/d)

Dry matter 
mass 
fraction

Volatile 
solids/ dry 
matter mass 
fraction

Volatile 
solids 
(VS)  
(t VS/d)

Biogas yield/
volatile 
solids  
(m3/t VS)

Biogas 
production 
(m3/d)

Biogas 
production 
(t/d)

Cattle 
 manure

48.5 0.22 0.75 8.0 400 3200.3 3.52

Maize  
silage

47.5 0.35 0.95 15.5 700 10850.5 11.94

Total 96 0.56 - 23.5 - 14050.9 15.46

Figure 2: Scheme of the analysed process.
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In order to define the turbulence the six ‘stability classes’ defined from Pasquill are used: 
A, B, C, D, E, and F [14]; in particular class A means the most unstable or most turbulent 
conditions, instead class F means the most stable or least turbulent conditions.

In the simulations the two stability classes A (unstable condition) and F (stable condition) 
are used. The results for the two scenarios are reported on the iso-concentration maps of 
Figures 4 and 5 for NOx and Figures 6 and 7 for PM. 

Figure 3: Scheme of the biogas upgrading process.

Figure 4: NOx dispersion for biogas plant (a) and methane boiler (b) – stability class: F.
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Figure 5: NOx dispersion for biogas plant (a) and methane boiler (b) – stability class: A.

Figure 6: PM dispersion for biogas plant (a) and methane boiler (b) – stability class: F.

Italian regulations impose an annual concentration limit for NOx of 40 µm/m3, for PM10 of 
40 µm/m3 and for PM2.5 of 25 µm/m3. 

The emissions derived from the two scenarios analyzed are lower than the maximum value 
indicated from the Italian regulation; anyway, the additional contribution to the normal pres-
ence of pollutants may be significant. In fact the background situation concerning these 
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contaminants (in particular for the NOx) is already critical and so the higher NOx and PM 
concentrations may cause negative effects for the possible recipients (human or vegetable).

3 CLIMATIC ADAPTATION AND SUSTAINABILITY OF TRANSPORT 
CONSUMING TRADITIONAL MOTOR FUELS

3.1 Problems of improving the energy efficiency and environmental safety of transport 
operation

Modern problems of transport sustainability represent the critical comprehensive environ-
mental and economic challenge to civilization. This is due to the rapid growth of a world 
vehicle fleet adapted to liquid petroleum fuel whose consumption is also continually increas-
ing while oil and gas resources are rapidly depleting. Vehicles are one of the major consumers 
of oil products and consequently, the generators of greenhouse gases and toxic byproducts of 
combustion into the atmosphere, as illustrated in Figure 8. This exacerbates both the problem 
of global climate change and the environmental situation. Traditional fuels and the products 
of combustion bring increased risk to the environment the solution to which requires a sys-
tematic approach [15]. Adapting transport to climate change requires a reduction in specific 
fuel consumption. Energy efficiency and environmental safety of vehicles’ operation are 
highly dependent on the quality of the fuel used [16–21]. An improvement in the design of 
vehicles and engines, as well as other methods for reducing the negative effects of transport 
operation for the environment are inefficient when using poor quality fuel. In this way, the 
improvement of the quality of motor fuels should be considered as a priority task.

The importance of improving the energy efficiency and environmental safety of vehicles 
require the rapid implementation of innovative and highly efficient technological solutions. 
Despite efforts to develop and deploy the alternative fuels and energy for transport, they have 

Figure 7: PM dispersion for biogas plant (a) and methane boiler (b) – stability class: A.
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not yet contributed significantly to the structure of the world’s growing vehicle fleet. In addi-
tion, carbon footprint calculations have shown that in some cases the advantages that can be 
derived from rejecting traditional fuels are not at all obvious. For example, by switching to 
electric cars we will get the local benefits, a rehabilitated urban environment, but in terms of 
overall emission reduction – the electricity itself can be generated from ‘dirty’ sources, and 
the process of creating electric vehicles themselves also is accompanied by harmful emis-
sions into the atmosphere. The most rapidly implemented and low-cost way to improve the 
environmental and operational characteristics of cars is through the use of highly effective 
fuel additives [22–25]. Therefore, this method is of interest to both developed and developing 
countries.

3.2 Universal multifunctional fuel additive for improving the energy efficiency and 
environmental safety of vehicles

A method improving the quality of traditional motor fuels using a universal multifunctional 
additive has been developed [24, 26]. The proposed additive combines the properties of a 
surfactant and a gasification catalyst.

The application of the additive in gasoline and diesel fuel in minor quantities (9.25 ppm 
for gasoline and 27.75 ppm for diesel fuel) has a comprehensive positive impact on the 
properties of the fuel and the performance of the engine. A single introduction of the addi-
tive into the engine eliminates carbon formation, keeping the engine clean [28, 29], and 
substantially reducing specific fuel consumption, which, in turn, significantly contributes 
to the solution to the problem of adapting transport to climate change. Figure 9 shows the 
exclusion of carbon deposit in the engine after the additive application. Constant use of 
the additive provides additional positive effects including improved detergency, which 

Figure 8:  Total world greenhouse gases emissions by sectors (2014) (on the basis of Ref. 
[27]).
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ensures the engine fuel system is kept clean, lubricating properties, reduced loss of gaso-
line through evaporation and improved mixture formation when injecting the fuel into the 
engine. Table 2 demonstrates the results of the developed multifunctional additive appli-
cation (the laboratory, test bench, traffic operation and experimental-industrial checkout). 
Compulsory application of the additive will reduce dependence on a gasoline octane rat-
ing [28, 29]. Consumption of gasoline and diesel fuels by engines will also be reduced. 
Unique in its simplicity, efficiency and low cost, the method integrates the characteristics 
and capabilities of the nanotechnology and effects equivalent to the use of package of the 
effective additives to the fuel. Use of the multifunctional additive significantly reduces the 
emission of greenhouse gases and toxic substances during the operation of vehicles and 
improves the condition of the engines. The emission of benzo(α)pyrene, which is the 
strongest carcinogen, is reduced by 95%. Using fuel that contains the additive produces 
no additional toxic substances in the exhaust gases that were not observed without the  
additive. 

The high efficiency of the developed additive was confirmed by its application in the pro-
duction of approximately 360,000 tons of gasoline and 40,000 tons of diesel fuel, which 
were used in the experimental-industrial checkout. The additive is synthesized from obtain-
able, low-cost substances. Its production does not require highly qualified engineers and 
complicated facilities. The additive can be introduced into the during the production of 
the fuel, into the finished product, at the petrol station and directly into the vehicle’s fuel  
tanks. 

Figure 9:  The cylinder faces of internal combustion engines after the test run: (a) control car 
(without the additive); (b) testing car after application of the additive.
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4 CONCLUSIONS
The problems of the energy, industrial and transport sectors adapting to climate change and 
the need to mitigate their environmental hazards cannot be overemphasized in the context of 
modern civilization and its future development and efforts to achieve this must be integrated. 
However, the implementation of the global strategy and the selection of the optimal techno-
logical solutions depend on the specific conditions in different countries. 

The priorities should be increasing the energy efficiency of the technological processes 
and transport operation and the development of competitive alternative fuels and energy.

The study evaluated the biogas production process while considering different end-use 
solutions with particular reference to limiting atmospheric pollution and also reducing GHG 
emissions (the main reason for climate change). In this specific case, the present study points 
out that upgrading biogas to biomethane may represent an environmentally friendly alterna-
tive to the on-site combustion of biogas in CHP units, especially in the cases where the 
energy content of the gas is not fully cogenerated and all or part of the thermal energy pro-
duced is not capitalized.

The proposed method for improving the energy efficiency and environmental safety of 
transport operation using the universal multifunctional additive creates not only environmen-
tal benefits but also high economic motivation for its use. The fuel producers are motivated 
due to lower requirements for the octane number of gasoline, which dramatically reduces the 
cost of gasoline production. The consumers will get improved fuel economy for their vehi-
cles. Widespread implementation of the method will significantly mitigate the negative 
environmental impact of transport operation and contribute to the process of adapting trans-
port to climate change.

Table 3:  Effects of the additive application (concentration of the additive 9.25 ppm in  gasoline 
and 27.75 ppm in diesel fuel)*.

Characteristics
Gasoline engines, 
gasoline

Diesel engines, 
diesel fuel

Fuel consumption -5%-12% -4%-7%

Reduction of carbon deposits ~ −95%-100% ~ −95%-100%
Detergent properties, decrease of cleaning time, 
times

2.33 2.33

Emissions:
Carbon monoxide
Nitrogen oxides
CmHn
benzo(a)pyrene and its homologues
soot

-15%-30%
-20%-26%
-8%-35%
-95%-96%
-

-15%-17%
-20%-22%
-35%-37%
-

-40%-50%
Requirements to octane number -7-12 items -

Cetane number - +3 items
Lubricating properties (coefficient of static friction) - -25%
Saturated vapor pressure −15%–25% -

Vaporization loss of gasoline −17%-30% -

*Cost of the additive 1$/ton of gasoline, 3$/ton of diesel fuel.
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