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Abstract 

Forest and agricultural biomass represents great energy potential in the Republic of Macedonia. It is creating each 
year as naturally renewable source which is found in significant quantities. Utilization of biomass, as source of 
energy, will contribute for sustainable development of Macedonian rural areas. The aim of this study is to identify 
the ways of utilization of biomass in agriculture, concerning the need to promote their benefits in rural areas in the 
country and to compare to the latest achievements in the World. This study will include the potential for 
agricultural and forestry biomass and its utilization in the Republic of Macedonia. This is a key role for mitigating 
climate changes and reducing greenhouse gas emissions. Therefore, using biomass will contribute for sustainable 
development, green jobs employment and production efficiency in the agricultural sector in rural areas. 
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1. Introduction 

Usage of fossil fuels for obtaining energy leads 
for creating harmful emissions in the air. Those 
emissions create a greenhouse effect and influence on 
increasing climate changes. The amount of fossil fuel 
reserves is limited and is constantly decreasing. One 
possible solution for this problem is using of 
renewable energy sources. In a relation, special interest 
for the Republic of Macedonia is utilization of biomass 
and using its energy for heating, and transforming it 
into electricity or biofuel.  

The energy sector in R. Macedonia is the main 
pollutant of the atmospheric air within 70% of the 
entire CO2 emissions. The second largest pollutant is 
the agricultural sector with around 10-15% of all CO2 

pollution (MOEPP, 2008). According to the MOEPP 
(2007), it is predicted that annual greenhouse reduction 
in the agricultural sector after 2012 will be 17.55Kt 
CO2-eq. Today in R. Macedonia, plant residues of 

cereals crops are used as a livestock mat or they are 
added as a supplement in the animal food. Branches 
from pruning residues are burned on the field or used 
as a biomass for heating. The remaining agricultural 
waste is thrown on non regulated places and left to 
decompose or burned on fields. This actions cause 
negative influence on the environment that does not 
agree with the directives prescribed to reduce the 
amount of greenhouse gasses.  

The aim of this study is to find possibilities and 
practical solutions for reducing the waste created in the 
agricultural sector. The objective is to have influence 
on reduction of harmful emissions from greenhouse 
gasses which is a key role for mitigating climate 
changes. This will contribute for increasing production 
efficiency in agricultural sector by creating new 
“green” jobs and sustainable development in rural 
areas. 
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Agriculture sector is of significant importance to 
Macedonia in terms of employment of the rural 
population, increasing the income of farmers, 
development of rural areas and municipalities and 
increasing the export of different products. However, 
this sector is highly sensitive to climate changes where 
extreme temperature differences, frequent rains, floods 
and other negative influence have instant reflection on 
the economy and social life of the population in those 
areas. Additional threat to the sustainability of 
agricultural production and rural development is weak 
financial situation of the country and institutional 
capacities that are unable to answer to those climate 
changes (The World Bank, 2010). 

2. Material and methods 

The method used in this study is called DPSIR 
and contains analysis of driving forces, pressures, 
actual state, effects or consequences (implications) and 
responses for changing the situation through utilization 
of biomass in agriculture. It gives very strong relation 
between the activities. All together they explain the 
complexity of the real world and give a clear picture of 
all actors that have influence on the environment 
(Costantino et al., 2003). 

First step is to determinate those activities and 
processes that cause pressures. In this study those are 
the human activities in agricultural production sector 
that creates potential pollutants in the environment. 
Here producers of primary products and the need for 
organic production are concerned. 

Second step is to determinate those activities that 
makes pressure on the environment condition. In a 
relation, pollutants that make greenhouse gas 
emissions are analysed. They have indirect influence 
on the soil and water used in the everyday life of living 
organisms.  

Then the condition of the environment is of 
significant importance. Pollutants bring negative 
influence of the entire eco system that appears with a 

pollution of water, air and soil. The environment needs 
to stay natural and clean, as it was in the past.  

Those activities cause pressures not only on the 
environment, but affect all living organisms and have 
negative impact on the economic situation in the 
country. As a result there is dislocation of biodiversity 
and disordering of human and animal health. Big 
economic looses affect the whole country.  

Finally, the negative impact stimulate for 
response. Different actions must be taken in order to 
prevent the environment from pollution. To make this 
situation different it is important to take actions by 
which people will influence on different sectors to stop 
or, if that is not possible, to minimise the emissions of 
current pollution materials. Therefore, using biomass 
as a source of energy is analysed as one possible 
solution for environmental protection. 

Biomass is an organic material that forms in 
process of photosynthesis from non organic 
compounds (carbon dioxide) CO2 and water (H2O) 
under the influence of photons from sunlight. The 
process release oxygen (O2) and water. In the opposite 
reaction of bonding the oxygen in combustion and 
natural metabolic processes (fermentation, respiration) 
thermal energy of 16MJ/kg dry material, CO2 and H2O 
are released. This condition established balanced level 
of CO2 emissions in the environment. Biomass 
combustion looses equal quantities of CO2 and energy 
that will be release from the natural processes in the 
environment if the biomass utilisation is synchronised 
according to the time of its renewal. Unfortunately, in 
the reality the intensity of biomass utilization is much 
bigger than its creation which increases the 
concentration of CO2 in the atmosphere (EIHP, 2010).  

Usually, biomass can be used in different types: 
wood and wooden residues, pellets and briquettes, fast 
growing plants (genetically modified organisms), 
agricultural plants (sugar cane, wheat), agricultural 
residues after harvesting, straw, remains from animal 
waste, communal and industrial waste, forest waste etc. 
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In different types of biomass processing, different 
kinds of biofuels are produced. Biomass combustion is 
the most frequent and the oldest way of producing 
energy. While biomass is burning a thermal energy is 
released. It can be used directly for heating or for 
producing the electricity. There are many opportunities 
for utilizing biomass for energy production. Bioethanol 
is produced through anaerobic processes of 
fermentation of wheat, potato and sugar cane. 
Biodiesel can be produced through mechanical 
processes of processing sunflower and rape. Charcoal 
is produced while heating the biomass without 
presence of oxygen or during partial combustion 
(EIHP, 2010). 

Not transformed biomass in the form of natural 
wood, straw or steams of agricultural plants occupies a 
large volume and it is not efficient for transport, 
storing and dosage. In natural condition it contains 
high level of moisture which significantly minimizes 
its thermal energy. In the secondary processing 
procedure – mechanical processes for compressing 
biomass (producing briquettes and pellets) increase 
biomass characteristics as fuel. This biomass 
preparation results with low level of moisture, great 
transport opportunities, the storage is much easier and 
the negative influence on the environment is 
minimized. For producing briquettes and pellets all 
types of wood and agricultural residuals can be used. 
The process of transformation do not use chemical or 
other bonding issues, jus their compressing (Ivanov 
and Koceva, 2010). 

3. Results  

Total СО2-еq emissions in Macedonia are 11.9 - 
14.4Mt СО2-еq (ex. for 2000 they were 14,318Kt 
СО2-еq). It was already stated that the main pollutant 
is the energy sector and the agricultural sector takes the 
second place. All other sectors participate with less 
than 10% (MOEPP, 2007).  From 2005 the agricultural 
sector is a reason for around 7% of the total 

greenhouse gas emissions in the country (The World 
Bank, 2010).  

Agricultural activities in the Republic of 
Macedonia are realized on a quarter of its territory. The 
greenhouse gas emissions from the agricultural sector 
contains of 32.4% methane and 66.4% nitrous oxide 
(The World Bank, 2010). They come from: 

Enteric fermentation (СН4 emissions); 
Waste management on farms (СН4 and N2О); 
Rise fields (СН4 emissions);  
Agricultural soil because of irregular land and 

fertilizers management (N2O emissions);   
Burning the agricultural residuals. 
Everything stated above makes pressure in the 

rural areas. That helped for making a projection of the 
vulnerability of the agricultural sector. Hence, it can be 
conclude that some vulnerable crops will have 
decrease in yield in some areas in R. Macedonia 
(MOEPP, 2007; MOEPP, 2008): 

Table1:  Decrease in yield of crops 

production in different regions in R. 

Macedonia 

Reduction of yield in % 
Region Culture 2025 2050 2075 2100 
Stip Winter 

wheat 
14 17 21 25 

Bitola Alfalfa 58 62 66 70 
Strumica Tomato 72 75 79 82 
Gevgelija Tomato 75 78 81 84 
Kavadarci Grape 72 75 79 82 
Skopje Winter 

wheat 
8 12 16 21 

Resen Apple 46 50 55 59 

According to the table the reduction of yield is 
going to increase in the future period. Minimum 
impact of climate changes will have winter wheat in 
Skopje with the reduction of only 8% in 2025, 12% in 
2050, 16% in 2075 and 21% in 2100. The most 
vulnerable and sensitive to climate changes will be the 
tomato in Gevgelija with the yield reduction of 75% in 
2025, 78% in 2050, 81% in 2075 and 84% in 2100. 
Another big reduction of yield will have tomato yield 
in Strumica and the grape in Kavadarci and Negotino. 
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The tomato will decrease for 72% in 2025, 75% in 
2050, 79% in 2075 and 82% in 2100.  The grape yield 
in Kavadarci will decrease for 72% in 2025, 75% in 
2050, 79% in 2075 and 82% in 2100 which is the most 
important, concerning the fact that this culture is 
export oriented. The central valley of the river Vardar 
– Povardarie is the most vulnerable agricultural area. 

The current situation needs to be change. The 
important is fast intervention using different way. 
Primarily, the changes should be made by increasing 
the education. Then by changing the way of living and 
people behavior concerning the environment, the 
utilization of natural resources and adaptation to the 
new situation. A practical way for solving the problem 
is by using renewable energy sources. For the 
agricultural sector the most important is the utilization 
of biomass. Therefore, the potential of biomass in the 
country has significant relevance.  

In R. Macedonia the main source of agricultural 
biomass are the residuals from the cereals after 
harvesting. It takes around 545 483 tones (Dimeski et 
al., 2010). The straw is around 669 000 tones from 
which 66.6% are the residuals from the wheat and 
26.7% are from the barley. The biggest concentration 
of straw is in municipality of Bitola 13.51%, 
Kumanovo 8.56%, Chesinovo-Obleshevo 5.59%, 
Dolneni 3.88% and Kocani 3.58%. Those five 
municipalities produce 35% from the total straw 
production in the country (Cukaliev, 2010). Pruning 
residuals from a fruit production are estimated to be 
around 150 000 tones with around 18% in the region 
Resen. The concentration of pruning residuals from a 
fruit production sector are available in the following 
regions: Resen 8.12%, Kriva Palanka 5.79%, Delcevo 
5,53%, Bitola 4.95%, Skopje 4.27%, Rosoman 4.05%, 
Ohrid 3.96% and Struga 3.03%. The concentration of 
pruning residuals from a vineyard sector are around 64 
230 tones, with 30% concentration in the region of 
Tikvesh in the following order: Kavadarci 19.89%, 
Valandovo 7.74%, Negotino 6.54%, Skopje 5.83%, 

Radovis 4.23% and Rosoman 4.06%. Biomass from 
the vegetables production sector is around 350 000 
tones (Ivanov and Koceva, 2010). 

Forest biomass is around 230 000m3, while the 
wood waste raw material from processing and 
preparing the wood in Macedonia is around 120 000m3 
(Dimeski et al., 2010). 

4. Discussions 

Macedonia is a country where a variety of 
biomass can be found in significant quantities 
especially in rural areas. The simplest and useful way 
for solving the problem of pollution using biomass is 
with acting locally by the farmers and the population in 
the villages. A possible opportunity is utilization of the 
straw for heating of greenhouses for production of 
vegetable products. The straw has a low price of 0.02 
euro/kg that allows replacement of fuels used for 
heating. Expenses for heating a greenhouse while using 
firewood are 3.5 times bigger, or while using oil they 
are 3.6 times bigger, or the electricity they are 5 times 
bigger than the costs for using straw (Cukaliev, 2010). 
Lowering the costs for heating the objects provides 
more efficient and economic production of primary 
products that will be sold at the market for more 
accessible prices. Briquettes and pellets allow their 
utilization in houses in rural areas. The investment of 
those pellets should take into account a machine for 
production of pellets, mill with hammers and extra 
equipment such as dryer, and boiler for heating etc. 
Also, there is another opportunity for production of 
pellets from pruning residuals which leads to another 
investment in specific equipment. All problems that 
will appear while implementation of this and similar 
proposals have to be solved gradually.  

The price of thermal energy from firewood is 
approximately equal to that of the earthen gas, and is 
more favorable then the oil and electricity price. The 
price of pellets is much bigger the firewood price, but 
lower than the oil price, and because of the efficiency 



Mitigating climate change through utilization of biomass in the agricultural sector of the Republic of Macedonia 

Albanian j. agric. sci.    International Conference of Ecosystems (ICE) 

Special edition online        4-6 June, 2011, Tirana  
 

77

and cleanness it represents excellent choice for 
households and bigger objects. Starting price of the 
investment for heating with pellets is still bigger in 
Macedonia. The biggest problem is the moisture that 
can be found in the biomass. Usually, the moisture 
participates with 20% and lowers the biomass capacity 
from 16MJ/kg dry material to 14MJ/kg from the total 
wet weight. This leads to bed combustion in the 
fireboxes, low efficiency, and bigger concentration of 
harmful gasses (CO2, NOx and CxHy) and causes a 
deposition of resin in fireboxes and chimneys. The 
efficiency of biomass combustion is from 70% in the 
standard stoves for wood and pellets to 90% in the 
pellets pots. The nominal power of devices for biomass 
combustion is around 10KW in ovens and fireplaces to 
2MW in pots for hot water (Cukaliev, 2010).  

5. Conclusions 

Worldwide, utilization of pellets is constantly 
increasing. Better ways of reducing the emissions of 
greenhouse gasses and decreasing the residuals from 
pellets combustion are developing each day. 
Utilization of biomass contributes for achieving 
benefits for the environment. The utilization of fossil 
fuels and electricity is minimized and replaced with 
biomass consumption which is produced by the waste 
residuals of agricultural crops. It means saving of 
carbon, because biomass utilization as an energy 
source is carbon neutral. Utilization of firewood is 
carbon neutral as well, but it replacement contributes 
for saving the forests from cutting and achieving 
bigger absorption of CO2. 

In the Republic of Macedonia, the problem is the 
expensive investments that are required for biomass 
utilization. On the other hand, there is no fully 
established legislation for utilization of renewable 
energy sources. As a consequence, traditional fossil 
fuels are still in use. The energy from residuals of 
agricultural crops is produced locally and it should be 
used by the local population because transport over 
longer distances is not efficient, no more than 10-20km 

(Armenski, 2004). Employment is one of the biggest 
benefits in utilization of agricultural residuals for 
production of energy. Increasing the quantity of 
biomass production and manufacturing residuals from 
agricultural and forest plants will contribute for 
opening new green jobs in the rural areas. Final 
products, like pellets and briquettes can be exchanged 
with villagers that will increase the trade of different 
products and sustainable development of villages. This 
will have positive influence on the economy of whole 
country. The most important is the mitigation of 
climate changes that will be achieve by reducing 
harmful greenhouse gasses emissions. 
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