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Investigations about the impact of norms of the fertilisers and 

cultivars upon the crop capacity biomass of industrial hemp 
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Abstract. Field trials were carried out in 2012ï2014, on the Research and Study Farm 

óPǛterlaukiô of the Latvia University of Agriculture. Eleven sorts of industrial hemp (Cannabis 

sativa L.) ï óBialobrzeskieô, óFutura 75ô, óFedora 17ô, óSanthica 27ô, óBenikoô, óFerimonô, óFelina 

32ô, óEpsilon 68ô, óTygraô, óWojkoô and óUso 31ô were sown in a sod calcareous soil (pHKCl 6.7, 

P 52 mg kg-1, K 128 mg kg-1, the organic matter content 21ï25 g kg-1). The total seeding rate was 

50 kg ha-1. The plots were fertilised as follows: N-120, P2O5- 90, K2O- 150 kg ha-1. Hemp was 

sown in the middle of May, in 10 m2 plots, triplicate. Hemp was harvested when the first matured 

seeds appeared. The biometrical indices, the height and stem diameter, the harvesting time, the 

amount of fresh and dry biomass and the fibre content were evaluated. 

Yield of dry matter on average comprised 15.06 t ha-1, depending on the cultivars. Cultivation 

year and cultivar notably affected hemp biomass yield. In 2012, the highest yield of dry biomass 

was produced from cultivars óFutura 75ô (21.33 t ha-1) and óTygraô (20.87 t ha-1), the lowest ï 

from óBialobrzeskieô (11.95 t ha-1). Significantly higher average yield of dry biomass was 

obtained from cultivars óFutura 75ô (17.76 t ha-1), óTygraô (16.31 t ha-1), óWojkoô (15.51 t ha-1) 

and óEpsilon 68ô (15.28 t ha-1), the lowest ï óBialobrzeskieô and óUso 31ô (13.53 t ha-1). 

Meteorological conditions influenced the dry biomass yield. 

The aim of this study was find productive cultivar of industrial hemp (Cannabis sativa L.) and 

clarify nitrogen fertiliser rates impact for biomass production in Latvia. 

 

Key words: Cannabis sativa, cultivars, biomass, fertilizers. 
 

INTRODUCTION  

 

Industrial hemp (Cannabis sativa L.) is a traditional industrial crop in many regions 

of Europe and of the World. For many centuries hemp has been cultivated as a source of 

strong stem fibre and seed oil (Ehrensing, 1998). The cultivation of industrial hemp in 

Europe declined in the 19th century, but recently an interest has been renewed in 

Germany, France, the Netherland, the United Kingdom, Spain, Italy, and also elsewhere 

in the world (Struik et al., 2000). Nowadays, industrial hemp has become very important 

as a crop for biomass production. Environmental concern and recent shortages of wood 

fibre have renewed an interest about hemp as a raw material for a wide range of industrial 

products including textiles, paper, and composite wood products (Ehrensing, 1998). 

Hemp is fast-growing and suitable for Latvia`s agro-climate conditions. Interest for 

possibilities of hemp growing in Latvia is increasing year by year (Ivanovs et al., 2015). 

mailto:semjons@apollo.lv
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The hemp is considered to be one of the most promising renewable biomass sources 

to replace non-renewable natural resources for manufacturing of wide range of industrial 

products also in Latvia (Adamovics et al., 2012; Ivanovs et al., 2014; Lekavicius et al., 

2015). 

Nitrogen is the element that is most widely used in agriculture and it is the most 

important element for limiting the plant growth and development (Masclaux-Daubresse, 

2010). Nitrogen fertilisation is an important environmental concern. Application of 

nitrogen-based fertilisers has proven very effective for increasing yields, but at the same 

time these fertilisers may be detrimental to the goal of sustainable agriculture and may 

raise the amount of nitrogen in ground water and surface water downstream of the 

farmland, contributing to the degradation of aquatic ecosystems (Erisman, 2011). 

Therefore, today the definition of fertiliser application rates is one of the major 

challenges that the environmentally conscious hemp growers are facing. 

Industrial hemp`s need for nitrogen is high, especially during the vegetative growth 

period, and it should be available in the soil in sufficient quantity for a good growth and 

development (Ehrensing, 1998). Additional fertilisation of nitrogen stimulates hemp 

plant growth in field conditions (Amaducci et al., 2002; Amaducci et al., 2012). A lack 

of nitrogen will result in a lower yield because steps of growth will be missed and 

therefore will reduce the efficiency of radiation use (Struik et al., 2000). In the literature, 

it was found that hemp fertilisation methodology varies in different countries according 

to the existing soil and climatic conditions. For example, in the United States quoted 

nitrogen fertilisation rate is about 60 kg ha-1, while in EU countries nitrogen fertilisation 

rates vary between 40ï200 kg ha-1 depending on soil composition (Ehrensing, 1998). 

Recommendations for hemp breeding developed in EU are not considered to be suitable 

for Latvian climate and soil conditions. In Latvia, the recommendations for suitable 

nitrogen fertiliser rates for hemp breeding are not developed. Hemp is a contamination-

free crop. At proper equipment support rural entrepreneurs can profitably use all the parts 

of the plants ï fibre, sheave, leaves, seeds. Hemp is Godsô donation to mankind! 

The aim of this study was find productive variety of industrial hemp (Cannabis 

sativa L.) and clarify nitrogen fertiliser rates impact for better biomass production in 

Latvia. 

 

MATERIALS AND METHODS  

 

Field trials were carried out in 2012ï2014, on the Research and Study Farm 

óPǛterlaukiô (56Á53 N, 23Á71 E) that is supervised by the Latvia University of 

Agriculture (Fig. 1). Eleven cultivars of industrial hemp (Cannabis sativa L.) cultivars 

ï óBialobrzeskieô, óFutura 75ô, óFedora 17ô, óSanthica 27ô, óBenikoô, óFerimonô, 

óFelina32ô, óEpsilon 68ô, óTygraô, óWojkoô and óUso 31ô were sown in a sod calcareous 

soil (pHKCl 6.7, containing available P 52 mg kg-1, K 128 mg kg-1, the organic matter 

content in the soil from 21 to 25 g kg-1). The total seeding norm was 50 kg ha-1or average 

250 germinated seeds per 1 m2. In the field rotation, industrial hemp followed the 

previous crop ï spring barley. 

The plots with hemp cultivars were fertilised as follows: N-120, P2O5-90, K2O-

150 kg ha-1. Industrial hemp cultivars óFutura 75ô, óTygraô and óSanthica 27ô were tested 

under seven different nitrogen fertiliser application rates: control ï N0P0K0; background 

fertiliser (next in text marked as F) ï P80K112; F+N30; F+N60; F+N90; F+N120; 
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F+N150; F+N180 kg ha-1. Hemp was sown by using Wintersteiger plot sowing machine 

in the middle of May, in 10 m2 plots, triplicate. Hemp was harvested by a small mower 

óMF-70ô when first matured seeds appeared. 
 

 
 

Figure 1. Hemp field tests in spring and in autumn. 

 

Biometrical indices of the hemp seedlings, height and stem diameter in the middle 

thereof at harvesting time, amount of fresh and dry biomass, and fibre content were 

evaluated. 

The parameters of meteorological conditions (the mean air temperature, ÁC and 

rainfall, mm) were recorded by the weather station located on the trial field. In the years 

2012ï2014, the period for hemp seed emergence was favourable, but in 2013 there was 

a lack of precipitation (the 1st ten-day period of June) (Fig. 2). In 2006, the drought and 

the warm weather were recorded in June, July, while in 2014 this period was much more 

abundant in rainfall. The rainfall in June and July is important as it strongly influences 

the yield. The mean air temperature in August was very similar in all the years, but the 

amount of rainfall differed markedly ï in 2014 it was twice as high as the long-term 

average, and in 2013 it was approximately twice as low as the long-term average. In 

September and the 1st ten-day period of October the weather was still warm, later on it 

became cooler. In the hemp dew retting period the weather was quite dry (not favourable) 

in all the years. 
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Total height of hemp stalk was measured from the soil surface to the tip of plant. 

No pesticides like insecticides, herbicides, desiccants were used. The yield of fresh and 

dry biomass was evaluated at hemp harvesting time. 
 

 
 

Figure 2. Meteorological conditions during vegetation periood. 

 

Hemp stalk samples from each plot were taken and dried. Before starting dew 

retting, the technical stalk part from the hemp stalks was prepared (cutting away the top 

part of the plant containing panicle and leaves). The hemp stalk samples (average 2kg x 2 

per cultivars) was dew retting the grassland for 2ï3 weeks; then the dry straw was 

weighed and broken by a self-constructed tool (Fig. 3). 

 

 
 

Figure 3. An aggregate of self-constructed tools for the production of fibre from the hemp stalks. 
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The obtained material was shaken manually until the sheaves were withdrawn. The 

obtained fibre was weighed and the fibre content in the straw was calculated by the 

formula: 

,/100 sfcs WWF =  (1) 
 

where: Fcs ï the fibre content in the stalks, %; Wf ï the weight of the obtained fi bre, g; 

Ws ï the weight of the technical stalk, g. 

The main task of research was to evaluate the biomass potential of industrial hemp 

cultivar óFutura 75ô under different nitrogen fertiliser rates. The yield of absolutely dry 

hemp biomass was calculated according to the data of fresh biomass and its moisture 

content at harvesting in study years. The experimental data were subjected to ANOVA 

analysis. 

 

RESULTS AND DISCUSSION 

 

Industrial hemp biomass depends on the applied cultivar, fertiliser rates and 

meteorological conditions during the growing period (Ehrensing, 1998; Jankauskiene & 

Gruzdeviene, 2010; Ivanovs et al., 2014). Hemp grows better when an average daily 

temperature varies between 14 ÁC and 27 ÁC. It requires abundant moisture throughout 

the growing season, particularly during the first six weeks of growth (Ehrensing, 1998; 

Jankauskiene & Gruzdeviene, 2013). 

Yield of hemp dry matter acquired within the field trials under agro-climatic 

conditions of Latvia on average comprised 15.06 (13.32ï17.78 t ha-1), depending on the 

cultivar. Cultivation year and selected cultivar notably affected hemp biomass yield 

(Table 1). The lowest fluctuations in the yields during the years of experiments were 

observed for the sort óFutura75ô. 

 
Table 1. Biomass yield from different industrial hemp cultivars, 2012ï2014 

Hemp variety (FA) 

Dry biomass, t ha-1 

Years (FB) 
Average 

2012 2013 2014 

Bialobrzeskie 11.95 12.91 15.56 13.47 

Futura 75 21.33 17.14 14.81 17.76 

Fedora 17 18.23 13.32 12.78 14.78 

Santhica 27 17.39 11.57 13.47 14.14 

Beniko 19.27 13.30 11.96 14.84 

Ferimon 18.59 13.09 12.93 14.87 

Epsilon 68 12.89 18.47 14.47 15.28 

Tygra 20.87 14.66 13.40 16.31 

Wojko 19.91 14.83 11.79 15.51 

Uso 31 17.38 11,40 11.98 13.59 

Average 17.78 14.07 13.32 15.06 

LSD(FA) 0,05 variety 3.15 

LSD(FB) 0,05 year 1.92  

LSD(FAB) 0,05 interaction 

between variety and year 

4.03 
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In 2012, the highest yield of dry biomass was produced from cultivars óFutura 75ô 

(21.33 t ha-1) and óTygraô (20.87 t ha-1), while the lowest ï from cultivar óBialobrzeskieô 

(11.95 t ha-1). Significantly higher average yield of dry biomass was obtained from 

óFutura 75ô (17.76 t ha-1), óTygraô (16.31 t ha-1), óWojkoô (15.51 t ha-1) and óEpsilon 68ô 

(15.28 t ha-1), whereas the lowest ï from cultivars óBialobrzeskieô and óUso 31ô 

(13.53 t ha-1). Meteorological conditions influenced total volume of the dry biomass 

yield. 

Hemp use is economically important for production of fiber and sheaves. Studies 

showed that the content of them depends on the choice of cultivars, fertiliser, seed norm 

and growing conditions. Depending on the growing method, the fiber content in sod 

calcareous soil varied from 29.8 to 45.6% of dry matter yield. 
 

 
 

Figure 4. The yield of fibers and shives for hemp cultivars. 

 

An average yield of fibre from the hemp cultivars was 4.88 t ha-1. A higher yield 

during the testing years was from the cultivars óTygraôï 6.12 t ha-1,óBialobrzeskieô ï 

5.67 t ha-1and óSanthica 27ôï5.52 t ha-1 (Fig. 4). The nitrogen mineral fertiliser had a 

positive effect on the dry matter yield of hemp. This ensured also a yield of fibre. At a 

minimal rate of the nitrogen fertiliser F+N30 kg ha-1 the average yield of fibre for the 

cultivar 'Futura75' was 4.25 t ha-1. In contrast to the unfertilised variants N0P0K0, the 

average increase in the fibre yield constituted 0.87 t ha-1, or 25.7%. Increase in the 

fertiliser rate to F+N150 kg ha-1 ensured a fibre yield 6.15 t ha-1. The increase constituted 

2.72 t ha-1, or 80.5%. Further increase in the fertiliser rates reduced a little the yield of 

fibre and sheaves (Fig. 5). 

For biomass production, it is important to know the optimal plant density for 

sowing. Under the conditions of elevated plant density and the consequential 

interspecific competition, a part of the plants dies, the other stops growing, and only the 

remainder, that grows normally, contributes to the final product (Amaducci et al., 2012). 

In 2012, the established plant density after full emergence varied between  

223ï269 plants m-2. The highest (p < 0.05) plant density was found in the plots where 

additional N fertiliser rate was not used (N0P0K0 ï 259 plants m-2) and in the plots where 
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fertiliser N60 rate was used (F+N60 ï 262 plants m-2). The significant (p < 0.05) lowest 

plant density was found where fertiliser rate N90 was used (F+N90 ï 241 plants m-2). 

 

 
 

Figure 5. The yield of fibre and sheaves for cultivar 'Futura75', depending on fertiliser rates. 

 

During vegetation period, the plant density decreases. At harvesting time, the 

highest plant density was found under N60 fertiliser rate (239 plants m-2), but the lowest 

ï under N180 fertiliser rate (212 plants m-2). Some authors report that plant biomass 

yield decreases non-significantly if density is low (about 30ï90 plants m-2), while at high 

density (180ï270 plants m-2) about 50ï60% of the initial stand was lost. In the other 

literature sources, it was found that nitrogen caused high industrial hemp plant mortality, 

probably due to competitive effects in the initial phase of the cycle (Amaducci et al., 

2012; Ivanovs et al., 2015). Considering the average results, the influence of different 

nitrogen fertiliser rates on the biomass decrease was modest and non-significant 

(p > 0.05). On the average, during a three yearsô (2012ï2014) period, the highest plant 

density was found in the plots where additional N fertiliser rate was not used (N0P0K0 

ï 380 plants m-2), but the lowest plant density was found where fertiliser rates N150 and 

N180 were used (150 plants m-2). On the average, the reduction in the density of fully 

emerged plants varied between 6.6ï14.6% in the trial year. Nevertheless, the survived 

plants showed a high growth intensity and produced a sufficiently high biomass yield.  

Industrial hemp stalk length was significantly (p < 0.05) influenced by the applied 

nitrogen fertiliser rate and cultivars. According to the research results, the plant height 

gradually increases with increasing N fertiliser rate, compared with the control 

(N0P0K0), but this growth increase varies between tested cultivars. The highest stalk 

length was observed for the cultivar 'Futura 75', óBialobrzeskieô, óSanthica 27ô under all 

nitrogen fertiliser rates, compared with other tested cultivars. 

The highest stalk length (318 cm) was reached under the nitrogen fertiliser rate  

F + N150 on the 138 growing day since sowing. The stalk length of other cultivars under 

the same nitrogen fertiliser rate was lower, cultivars 'Tygra' and 'Wojko' 32'ï258 

centimetres (Fig. 6). 
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Figure 6. Average hemp stalk length, cm. 

 

Analysed the relationships between hemp stalk length and biomass yield, we found 

out a significant (p < 0.05) close linear positive correlation (r = 0.83; n = 24) and it is 

reflected in the regression equation 

,761.8087.0 -=y  (2) 

In 2013, we found out a significant (p<0.05) linear positive correlation (r = 0.53; 

n = 24) what is reflected in the regression equation: 

,461.492171.0 -= xy  (3) 

Here we can conclude that hemp biomass yield depends not only on the nitrogen 

fertiliser rate, but also on such factors as plant density, meteorological conditions and 

other investigated factors that have not been studied. 

The nitrogen fertiliser rate effect on the dry matter yield was significant (p < 0.05) 

for all years. 

 

CONCLUSIONS 

 

All explored hemp cultivars are productive and provide high biomass yield in 

Latvian agroclimatic conditions. The cultivars óFutura 75ô, óTygraô, óEpsilon 68ô and 

óSanthica 27ô were the most productive. 

The nitrogen fertiliser rate effect was significant (p < 0.05) for biomass production. 

The lowest dry matter yield was observed under N0P0K0 fertiliser rate, but the highest 
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dry matter yield was obtained using F+N150 kg ha-1. When N rate was increased up to 

180 kg ha-1, the decrease of hemp fresh biomass and dry matter yield was observed. 

Hemp biomass depends on stalk length. There were positive linear correlations found 

for proof of this effect. 
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Abstract. The purpose of this study was to determine the biogas production capacity from animal 

wastes in Marmara region of Turkey for the years 2005ï2014. The wastes from the cattle and hen 

in the region were considered the resource for biogas production taking the number of animals 

and the collectability of the wastes into the account. Three scenarios were evaluated to estimate 

the biogas capacity by assuming that 100% (theoretical potential), 50%, and 25% of the total 

animal waste could be used for biogas production in the region. For theoretical biogas production 

from cattle wastes, the greatest potential in the year 2014 was calculated for Balēkesir province 

with 145.53 Mm3, followed by ¢anakkale, Bursa, Sakarya, and other seven provinces. Balēkesir 

had the highest biogas potential in 2014 from the poultry waste, too, followed by Sakarya, 

Kocaeli, Bursa, and other seven provinces. Biogas potential (100%) of Marmara region increased 

by 15% from 2005 to 2014 with 1,242.17 Mm3 in 2014. The heat and electrical energy equivalents 

of the biogas were found to be 7,453.02 GWh and 2,608.56 GWhe, respectively. In the other two 

scenarios, depending on the utilization rate of theoretical biogas potential: biogas amount, heat 

and electric power values were determined proportionally. 

 

Key words: Renewable energy, biogas, animal waste, Marmara region. 

 

INTRODUCTION  

 

According to International Energy Agency (2013), energy supply of the country 

was provided mainly by natural gas, coal, oil, hydro, biofuels/waste and 

geothermal/solar/wind with 32.4%, 28%, 27.3%, 4.4%, 4.2% and 3.6%, respectively 

(IEA, 2015a). 

Total energy consumption of Turkey in 2015 was 83,633 ktoe (kilo ton of oil 

equivalent) and natural gas was responsible for 56% of the total energy used in the 

country, followed by electrical energy with 27%, and diesel fuel with 17% (Republic of 

Turkey ministry of energy and natural resources, 2015a, 2015b). The total electrical 

energy production was 259,690.3 GWh while the consumption was 264,136.8 GWh in 

2015 (TETC, 2016). Clearly, Turkey has an energy market that is dependent on fossil 

energy sources. The instability of the costs of these sources and their environmental 

effects make renewable energy sources more preferable. 

The fossil fuels received subsidies/incentives about 550 billion USD in 2013, four 

times greater than renewable energy incentives (IEA, 2015a). Despite the slow progress 

in Turkey, the interest and the investments in renewable energy keeps increasing. In the 

last decade, biogas, liquid biofuels, geothermal, solar, thermal, and wind energy 

production increased in Turkey. The greatest rises occurred in wind energy production 

with 7,557 GWh and biogas energy production with 8,511 TJ, respectively (IEA, 2015b). 

mailto:aayhan@uludag.edu.tr
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Cooperatives and the agricultural industry show particular interest in biogas 

utilization in Turkey since storage and discharge of animal waste is one of the most 

important problems of agricultural enterprises (Dena, 2015). Another reason of interest 

to biogas is that agricultural industry is faced with high energy costs. 

Biogas is renewable energy resource generated by digestion under anaerobic 

conditions as a result of conversion of organic wastes by the use of microorganisms, and 

primarily composed of methane and carbon dioxide. It is mostly used to generate 

electricity and heat both for urban and rural areas (Alfa et al., 2014; Li et al., 2014; 

Oleszek et al., 2014; Yingjian et al., 2014; IgliŒski et al., 2015). The animal wastes are 

deposited and energy costs are reduced by producing biogas in the agricultural 

enterprises. 

A research project was undertaken to determine the biogas potential of Turkey in 

2011 (DBZF, 2011). Studies were also conducted focusing on specific regions and 

provinces for different feedstocks to be used for biogas production in Turkey (Ediger & 

Kentel, 1999; Evrendilek & Ertekin, 2003; Demirel et al., 2010; Erg¿r & Okumuĸ, 2010; 

Ulusoy et al., 2009; DBZF, 2011; Altēkat & ¢elik, 2012; Coskun et al., 2012; Onurbaĸ 

Avcēoĵlu & T¿rker, 2012; Ko­er & Kurt, 2013; Aktaĸ et al., 2015; Eryēlmaz et al., 2015). 

Previous studies showed that the most appropriate feedstock are animal wastes for biogas 

production for Turkey in terms of costs and management aspects. 

The aim of this study was to determine the biogas potential from animal wastes of 

Marmara region, Turkey by analysing the relevant data from 2005 to 2014. The cattle 

and hen wastes were considered the resource for biogas production taking the number of 

animals and the collectability of the wastes into the account.  

 

MATERIALS AND METHODS  

 

Marmara Region is situated on the North West part of Turkey with a surface areas 

of 67,000 kmĮ, corresponding to 8.5% of the total land. The industry, commerce, tourism, 

and agriculture are strong in the region. About 30% of the land is arable and 11.5% is 

forestry. The region consists of 11 provinces (Balēkesir, Bilecik, Bursa, ¢anakkale, 

Edirne, Ķstanbul, Kērklareli, Kocaeli, Sakarya, Tekirdaĵ, Yalova) and is the leading 

region in energy consumption in the country (Wikipedia, 2015). 

The numbers of cattle and hens in Marmara region of Turkey in the period of 2005ï

2014 were obtained from Turkish Statistical Institute (TSI, 2015). Amount of daily 

produced manure varies according to animal species. Furthermore, length of stay in the 

shelter affects amount of collectable manure. While the manure can be almost 

completely collected in poultry depending on the length of stay in the shelter, amount of 

collectible manure is lower in feeder cattle, sheep and goats. In this study, the cattle were 

classified as calf and mature animal, according to the TSI data, and the corresponding 

manure weights were determined based on this age classification. Length of stay in the 

shelter for cattle was taken as 100% as the relatively larger enterprises are concentrated 

in western part of Turkey and the animals are kept in shelters rather than grazing in 

pastures. Length of stay in the shelter of some animals and solid matter contents of 

manures are presented in Table 1. In calculations, mean live weights were taken as 

500 kg for cattle and 2 kg for hens (Al­i­ek & Demiruluĸ, 1994; Alibaĸ, 1996; Karaman, 

2006; Ko­er et al., 2006; Eli­in et al., 2014). 
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Table 1. Time spent ratio in the shelter and solid matter content of the organic waste from various 

animals (Alibaĸ, 1996; Ekinci et al., 2010; DBZF, 2011; Kaya & ¥zt¿rk, 2012; Eli­in et al., 2014; 

Aktaĸ et al., 2015) 

Animal type Time spent in the shelter (%) Solid matter content (%) 

Mature cattle 100.00 15.00 

Calf 100.00 15.00 

Meat hen 99.00 40.00 

Egg hen 99.00 40.00 

Turkey 68.00 25.00 

Sheep, Goat 13.00 25.00 

Horse 29.00 20.00 

 

The following equations were used to calculate the amount of biogas and its energy 

value. The total amount of manure that can be produced by the animals per day was 

determined by equation 1. 

ὓ ὓ Ὕ (1) 

where ὓ  is obtainable daily total manure per head (kg (day head)-1), ὓ  is wet based 

daily total manure per head (kg (day head)-1), and Ὕ is the length of stay in the shelter 

of animals (%). The amount of biogas that can be produced from the manure was 

obtained using equation 2. 

ὄ ὓ ὖ ὅ πȢσφυ (2) 

where ὄ  is annual amount of biogas (m3 a-1), ὖ is livestock population (number), and 

ὅ is biogas coefficient which was determined by animal type and biogas amount in 

m3 t-1. Dry matter contents for cattle and hen manures were assumed to be Ò 15% and 

Ò 40%, respectively. Manure of hen has significantly higher biogas potential than cattle 

manure due to better feedstock qualities such as dry matter and protein content (Akbulut 

& Dikici, 2004; Kaya et al., 2009; FNR, 2010; Kaya & ¥zt¿rk, 2012). Equation 3 was 

used to calculate the calorific energy value of biogas. 

ὄ ὅ ὄ  (3) 

where ὄ  is equivalent calorific energy value of biogas (MJ) and ὅ is calorific 

coefficient which was determined by the rate of methane in the biogas (MJ m-3). 

Although calorific value of biogas varies according to its methane content, it is 

approximately 20ï27 MJ m-3 (Alibaĸ, 1996; Banks, 2009; Eryaĸar & Ko­ar,2009; 

G¿m¿ĸ­¿ & Uyanēk, 2010; Frost & Gilkinson, 2010; Kaya & ¥zt¿rk, 2012; FM 

Bioenergy, 2013). 

Equivalent electrical energy varies according to methane content of biogas and 

electrical conversion efficiency (Banks, 2009; Astals & Mata, 2011; DBZF, 2011; Kaya 

& ¥zt¿rk, 2012; SGC, 2012). In this study, methane content and electrical conversion 

efficiency values were assumed to be 60% and 35%, respectively. The equivalent 

electrical energy value of biogas was determined using equation 4. 

ὄ ὅ ὄ  (4) 
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where ὄ  is equivalent electrical energy value of biogas (kWhe) and ὅ is electrical 

coefficient determined by the rate of methane in the biogas and conversion efficiency to 

electricity (kWhe m-3). 

Usually, the theoretical potential is reported in biogas potential determination 

studies. However, it is unlikely to use all of the theoretical potential in practice due to 

other uses of the animal waste in agricultural production, handling and logistics problems 

of the wastes, cultural preferences, etc. It might be more realistic to assume that the 

theoretical biogas potential can be utilized only partially. Therefore, in this study, three 

different scenarios were considered for biogas utilization in the evaluations: 100% 

(theoretical potential), 50%, and 25% use of theoretical potential of animal waste. 

 

RESULTS AND DISCUSSION 
 

According to TSI data, number of mature cattle, calves and egg hens in Marmara 

region increased 39%, 98%, and 46%, respectively in 2014 compared to 2005. The 

changes in the animal populations in the region are given in Figs 1 and 2. Based on 

Fig. 1, both the mature cattle and calf populations kept increasing steadily from 2005 to 

2013 with some reduction in 2014. 

 

 
 

Figure 1. The change in cattle population in Marmara Region from 2005 to 2014. 

 

Although the number of meat hens look similar in 2005 and 2014, there were 

extreme variations in the number of meat hens from 2005 to 2007, and then 2007 to 

2009. Therefore, yearly variations in hen production should have serious implications in 

terms of accessibility to the manure when the number of hens decreases sharply as shown 

in Fig. 2. The production reduced further for meat hens until 2011, followed by small 

recovery since then. Egg hen production, on the other hand, has been increasing at a fast 

rate since 2010. 
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Figure 2. The change in hen population in Marmara Region between 2005 and 2014. 

 

Balēkesir, Edirne, and Bursa were the first three provinces in cattle production in 

2005, producing 35% of the total mature cattle in the region. The three provinces with 

the lowest mature cattle population were Yalova, Bursa and Kocaeli. Total number was 

about 81,000 cattle in these three provinces which was less than that of Bursa province. 

The three provinces with the highest number of animals in 2014 were Balēkesir, 

¢anakkale and Bursa, respectively. While the two provinces with the lowest animal 

numbers were the same as 2005, the third ranking province was replaced by Ķstanbul in 

2014. 

Balēkesir has the highest calf population in 2005 and 2014. Bursa and ¢anakkale 

were the other provinces for the highest calf population in 2005 and 2014. These three 

provinces produced more than half of the calf population in the region in 2014 with 

Balēkesir 31%, Bursa 12%, and ¢anakkale 10%.  Yalova, Bilecik and Ķstanbul had the 

lowest calf population between 2005 and 2014. 

According to TSI data, meat hen population in the Marmara region decreased about 

2 million in 2014 compared to 2005. However the highest first three provinces (Kocaeli, 

Sakarya and Balēkesir) increased approximately 3 million in 2014 compared to 2005. 

The lowest provinces were Yalova, Kērklareli and Edirne in 2005. Tekirdaĵ had the least 

number of hens in 2014, followed by Yalova and Kērklareli. 

In egg hen production, the greatest share belonged to Balēkesir, Bursa, and Sakarya 

in both 2005 and 2014 while Yalova, Bilecik and Edirne had the smallest share. In 

general, number of egg hens in Marmara region increased by five million during the ten 

yearsô time from 2005 to 2014. 

The obtainable manure calculated based on Eq. 1 and numbers of mature cattle, 

calf, and egg and meat hen were given in Table 2. Although the number of animals 

increased 4%, the manure production increased 31.7% from 2005 to 2014. This rise 

resulted from greater number of cattle and egg hens in this period. As a result, manure 

production was more than 25 Mt in the region in 2014, 72% of which was produced from 
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manure cattle, 18%, 7% and 3% from meat hen manure, calf manure, and egg hen 

manure, respectively. 

 
Table 2. Total manure production levels in Marmara region between 2005 and 2014 

 Total Manure Production (t) 

Year Mature cattle Calf Meat hen Egg hen 

2005 13,098,485.81 897,607.93 4,698,148.65 504,527.13 

2006 13,526,165.44 1,036,844.77 5,630,867.45 453,526.32 

2007 14,541,271.50 1,128,627.45 6,767,244.43 604,413.04 

2008 14,954,250.75 1,234,271.37 5,662,799.62 507,397.61 

2009 15,350,011.13 1,316,769.77 3,842,423.42 501,415.63 

2010 15,755,544,38 1,480,256.92 3,899,226.85 510,389.28 

2011 16,767,173.81 1,625,985.21 3,658,991.80 616,432.79 

2012 18,073,262.44 1,718,316.85 3,912,185.88 673,491.74 

2013 18,759,485.25 1,838,659.18 4,098,879.28 660,175.09 

2014 18,207,961.13 1,772,372.26 4,565,818.42 738,912.21 

 

Calculated theoretical biogas potential of each province for the animal types studied 

was given for 2005 and 2014 in Table 3. As expected from animal manure potentials, 

Balēkesir had the highest biogas potential both in 2005 and 2014. Kocaeli and Sakarya 

were the other provinces for high biogas potentials in 2005. In 2014, Bursa was the third 

large potential after Balēkesir and Sakarya. 

 
Table 3. Theoretical biogas potential of the eleven provinces in 2005 and 2014 

 Theoretical Biogas Potential (Mm3) 

 2005 2014 

Province Cattle Hen Cattle Hen 

Balēkesir 84.82 166.65 145.53 288.36 

Bilecik 10.11 18.82 10.68 11.40 

Bursa 40.01 40.91 52.68 73.86 

¢anakkale 35.91 110.76 56.99 48.20 

Edirne 41.30 1.86 44.53 1.95 

Ķstanbul 18.71 7.85 20.91 12.42 

Kērklareli 26.32 2.23 42.49 2.22 

Kocaeli 17.44 207.24 31.71 75.67 

Sakarya 36.47 168.14 50.33 223.49 

Tekirdaĵ 36.34 3.29 40.52 4.78 

Yalova 2.48 0.64 3.13 0.31 

Total 349.90 728.37 499.51 742.66 

 

The greatest increase in biogas production from 2005 to 2014 took place in 

Balēkesir province with 182.42 Mm3 due to high level of increases in both cattle and hen 

manure. Balikesir itself could provide almost one third of the biogas potential of 

Marmara Region in 2014. The increases in the biogas potential were high also in 

Kērklareli and Bursa with 56.61% and 56.38%, respectively. Serious reduction could be 

seen in biogas production in Kocaeli (Table 3). ¢anakkale and Bilecik also experienced 

decreases in this period. All provinces, except three of them, increased the biogas 

potential from 2005 to 2014. 
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While Balēkesir lead the biogas production both in cattle and hens, Sakarya 

province also had high biogas potential coming from hen production. Balēkesir was 

followed by ¢anakkale despite the reduction seen in this province. 

Farm structure, storage capabilities for the animal wastes, and transportation might 

affect the utilization ratio from animal waste for biogas production. Biogas potential, 

calorific energy and electrical energy values of Marmara region between 2005 and 2014 

were shown in Table 4. 

 
Table 4. Biogas, calorific energy and electrical energy potential of Marmara region between 2005ï

2014 based on 100, 50, and 25% use of the total manure 

 Biogas Potential Calorific Energy of Biogas Electrical Energy of  

 (Mm3) (GWh) Biogas (GWhe) 

Year 100% 50% 25% 100% 50% 25% 100% 50% 25% 

2005 1,078.28 539.14 269.57 6,469.66 3,234.83 1,617.42 2,264.38 1,132.19 566.10 

2006 1,215.89 607.95 303.97 7295.34 3,647.67 1,823.84 2,553.37 1,276.68 638.34 

2007 1,423.78 711.89 355.94 8542.68 4,271.34 2,135.67 2,989.94 1,494.97 747.48 

2008 1,268.54 634.27 317.14 7611.24 3,805.62 1,902.81 2,663.94 1,331.97 665.98 

2009 1,024.81 512.40 256.20 6,148.84 3,074.42 1,537.21 2,152.09 1,076.05 538.02 

2010 1,048.24 524.12 262.06 6,289.45 3,144.72 1,572.36 2,201.31 1,100.65 550.33 

2011 1,058.39 529.19 264.60 6,350.33 3,175.17 1,587.58 2,222.62 1,111.31 555.65 

2012 1,136.78 568.39 284.20 6,820.71 3,410.35 1,705.18 2,387.25 1,193.62 596.81 

2013 1,181.22 590.61 295.31 7,087.33 3,543.66 1,771.83 2,480.56 1,240.28 620.14 

2014 1,242.17 621.09 310.54 7,453.02 3,726.51 1,863.26 2,608.56 1,304.28 652,14 

 

Analysis of biogas production potential from animal waste in Marmara region 

showed that despite the fluctuations in hen production, the total manure production in 

Marmara region increased from 2005 to 2015. Biogas potential increased in the region 

significantly in 2006 and 2007. In 2007, theoretical biogas potential increased 32% 

compared to 2005 with 1,423.78 Mm3. Then the biogas capacity reduced as a result of 

sharp drop in the number of hens in 2008 and 2009. However, the number of cattle was 

not adversely affected. A trend with gradual increase was observed in the number of 

hens and cattle since 2010. Biogas potential in 2014 increased %15 compared to 2005 

with 1,242.17 Mm3. Biogas potentials in 2014 were 621.09 Mm3 and 310.54 Mm3 if 

50% and 25% of the theoretical potential could be used, respectively. 

Calorific energy value in 2005 was 6,469.66 GWh and increased to 7,453.02 GWh 

in 2014. Proportional to the increase in calorific energy value, electrical energy potential 

of 2005 (2,264.38 GWhe) increased (2,608.56 GWhe) in 2014 (Table 4). In the other two 

scenarios, i.e. for 50% and 25% use of the theoretical biogas potential, heat and electric 

power values were determined proportionally. 

The electrical energy produced from biogas is subsidized the Renewable Energy 

Law in Turkey. The Law was put into practice in 2005 for the companies that have 

license to produce biogas according to the subsidy policy from 2005 to 2015. The policy 

imposes that any company conforming to the subsidy mechanism would sell electricity 

at 0.133 USD kWh for ten years from the date of obtaining the license to produce biogas. 

According to the calculations, the theoretical biogas potential of Marmara Region is 

equivalent to 347 million USD in terms of electrical energy. 
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Although both cattle and hen rearing are developed in Marmara region, very small 

portion of the biogas potential is currently used. Animal waste potential of Marmara 

region is remarkable and farmers and investors can make benefits from biogas 

technologies if properly guided and supported by policy makers. 

Although the exact number of biogas facilities in Turkey is not known, based on 

the project titled "Source Efficiency Of Animal Wastes Through Biogas And Its Climate 

Friendly Usage Project" the number of active biogas facilities was 36 in 2011 and the 

projected biogas facilities were 49 (DBZF, 2011). Even though more investments are 

made in Marmara region compared to the rest of the country, limited investments were 

made to benefit from biogas in the region (Fig 3). The main reason for this was related 

to the lack of appropriate incentives for biogas production. Since the theoretical biogas 

potential cannot be put into production, some realistic proportions of the theoretical 

potential should be targeted. As shown in Table 4, significant amount of electrical energy 

could be produced even with the 25% of the theoretical biogas potential. 

 

 
 

Figure 3. Number of biogas plants in the provinces of Turkey. 

 

The amount of manure, and hence the potential for biogas and electricity production 

may increase further given the trend in manure production from 2005 and 2014. Within 

this scope, the biogas production should be considered one of the most important means 

of utilizing the manure in the region. Furthermore, production and utilization of biogas 

is an environmentally-friendly method and is a strong candidate in meeting the rural 

energy need. Awareness of public institutions and private sector should be raised and 

investments should be further promoted to benefit from the biogas potential. 

 

CONCLUSIONS 

 

In this study, biogas potential from animal wastes of Marmara region of Turkey 

was determined and calorific and electrical energy values of the theoretical biogas 

potential were calculated. It was found that manure production increased from 2005 to 

2014 and will probably increase further in the near future. Although the amount of hen 

wastes reduced sharply in some of the provinces, the total manure production did not 

reduce in the region. The farmers and entrepreneurs invested in cattle production from 
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2005 to 2015, resulting in gradual increase in cattle population whereas significant drops 

were observed in the number of hens from 2007 to 2011. In recent years, the hen 

production has a tendency of increasing.  

The animal waste produced in 2014 was about 25 Mt corresponding to a theoretical 

biogas volume of 1,242.17 Mm3. Theoretical biogas can generate 7,453.02 GWh of 

calorific energy and 2,608.56 GWhe of electrical energy. Putting a small segment of the 

theoretical biogas production, such as 25%, into energy production would be important 

to meet some of the energy requirements in rural areas.  

In Turkey, the number biogas plants tends to increase, but anaerobic fermentation 

is yet to be used efficiently. More incentives and financial support is needed for investors 

to take advantage of the existing biogas technology. 

 

REFERENCES 

 
Akbulut, A. & Dikici,  A. 2004. Biogas potential of Elazig province and cost analysis. Doĵu 

Anadolu Bºlgesi Araĸtērmalarē 2(2), 36ï41. (in Turkish, English abstr.). 

Aktaĸ, T., ¥zer, B., Soyak, G. & Ert¿rk, M.C. 2015. Determination of the electricity generation 

potential from animal biogas in Tekirdaĵ city. Tarēm Makinalarē Bilimi Dergisi 11(1),  

69ï74. (in Turkish, English abstr.). 

Al­i­ek, A. & Demiruluĸ, H. 1994. Using the farm manure on biogas technology. 

http://www.biyogazder.org/makaleler/mak13.pdf Accessed 10.03.2012 (in Turkish). 

Alfa, I.M., Dahunsi, S.O., Iorhemen, O.T., Okafor, C.C. & Ajayi, S.A. 2014. Comparative 

evaluation of biogas production from Poultry droppings, Cow dung and Lemon grass. 

Bioresource Technology 157, 270ï277. 

Alibaĸ, K. 1996. Determination of energy balance of fermenter and biogas production from cattle 

manure, chicken manure and barley by psychrophilic, mesophilic and thermophilic 

fermentation. Uludaĵ ¦niversitesi Ziraat Fak¿ltesi Araĸtērma ve Ķncelemeler No:13, Uludaĵ 

¦niversitesi Ziraat Fak¿ltesi, BURSA (in Turkish). 

Altēkat, S. & ¢elik, A. 2012. Biogas Potential from Animal Waste of Iĵdēr Province. Iĵdēr Univ. 

J. Inst. Sci. & Tech. 2(1), 61ï66. (in Turkish, English abstr.). 

Astals, S. & Mata, J. 2011. Anaerobic digestion. http://www.iperasmuseprobio.unifg.it/dwn/0.pdf 

Accessed 15.11.2014. 

Banks, C. 2009. Optimising anaerobic digestion. 

http://www.forestry.gov.uk/pdf/rrps_AD250309_optimising_anaerobic_digestion.pdf/$FIL

E/rrps_AD250309_optimising_anaerobic_digestion.pdf Accessed 15.10.2014. 

Coskun, C., Bayraktar, M., Oktay, Z. & Dincer, I. 2012. Investigation of biogas and hydrogen 

production from waste water of milk-processing industry in Turkey. International journal 

of hydrogen energy 37, 16498ï16504. 

DBZF. 2011. Assessment of actual framework conditions and potentials for biogas investments 

in Turkey. 146 pp. 

Demirel, B., Onay, T.T. & Yenig¿n, O. 2010. Application of Biogas Technology in Turkey. 

International Journal of Environmental, Chemical, Ecological, Geological and 

Geophysical Engineering 4(7), 285ï289. 

Dena german energy agency 2015. New studies published on french, hungarian and turkish biogas 

markets. http://www.dena.de/en/news/news/new-studies-published-on-french-hungarian-

and-turkish-biogas-markets.html. Accessed 30.10.2015. 

Ediger, V.ķ. & Kentel, E. 1999. Renewable energy potential as an alternative to fossil fuels 

in Turkey. Energy Conversion & Management 40, 743ï755. 

http://www.forestry.gov.uk/pdf/rrps_AD250309_optimising_anaerobic_digestion.pdf/$FILE/rrps_AD250309_optimising_anaerobic_digestion.pdf
http://www.forestry.gov.uk/pdf/rrps_AD250309_optimising_anaerobic_digestion.pdf/$FILE/rrps_AD250309_optimising_anaerobic_digestion.pdf
http://www.dena.de/en/news/news/new-studies-published-on-french-hungarian-and-turkish-biogas-markets.html
http://www.dena.de/en/news/news/new-studies-published-on-french-hungarian-and-turkish-biogas-markets.html


659 

Ekinci, K., Kulcu, R., Kaya, D., Yaldēz, O., Ertekin, C. & Ozturk, H.H. 2010. The prospective of 

potential biogas plants that can utilize animal manure in Turkey. Energy Exploration & 

Exploitation 28(3), 187ï206. 

Eli­in, K., Gezici, M., Tutkun, M., ķireli, H.D., ¥zt¿rk, F., Koser Eli­in, M. & G¿rhan, R. 2014. 

Potential of biogas from animal wastes of turkey and determination of suitable reactor size. 

Agriculture & Forestry 60(4), 189ï197. 

Erg¿r, H.S. & Okumuĸ, F. 2010. Cost and potential analysis of biogas in Eskisehir. Uludaĵ 

¦niversitesi M¿hendislik-Mimarlēk Fak¿ltesi Dergisi 15(2), 155ï160.  

Eryaĸar, A. & Ko­ar, G. 2009. The possibilities of biogas to be used in existing energy systems. 

M¿hendis ve Makina 50(590), 10ï16. (in Turkish, English abstr.). 

Eryilmaz, T., Yesilyurt, M.K., Gokdogan, O. & Yumak, B. 2015. Determination of biogas 

potential from animal waste in Turkey: a case study for Yozgat province. European Journal 

of Science and Technology 2(4), 106ï111. 

Evrendilek, F. & Ertekin, C. 2003. Assessing the potential of renewable energy sources in 

Turkey. Renewable Energy 28, 2303ï2315. 

FM Bioenergy. 2013. The practical guide to Ad. Chapter 5:Producing and using biogas. 60ï77 pp. 

http://adbioresources.org/wp-content/uploads/2013/06/59-80_chapter5_v4.pdf Accessed 

20.09.2014. 

FNR, 2010. Biogas guide - production from to use. 261 pp. (in Turkish). 

Frost, P. & Gilkinson, S. 2010. Interim technical report. http://www.afbini.gov.uk Accessed 

20.09.2014. 

G¿m¿ĸ­¿, M. & S. Uyanēk. 2010. Biogas and biofertilizer production from animal waste in 

Southeastern Anatolia Region. 

http://www.mmo.org.tr/resimler/dosya_ekler/ffcec9d25e4a0d2_ek.pdf?dergi=1045 

Accessed 10.10.2014. (in Turkish, English abstr.). 

IgliŒski, B., Buczkowski, R. & Cichosz, M. 2015. Biogas production in polandïcurrent state, 

potential and perspectives. Renewable and Sustainable Energy Reviews 50, 686ï695. 

International energy agency (IEA) 2015a. World energy outlook 2014. 

https://www.iea.org/publications/freepublications/publication/WEO2014ESTurkish.pdf. 

Accessed 30.10.2015 (in Turkish). 

International energy agency (IEA) 2015b. Turkey renewables and waste statistics. 

http://www.iea.org/countries/membercountries/turkey/statistics/ Accessed 30.10.2015. 

Karaman, S. 2006. Environmental pollutions caused by animal barns and solution possibilities. 

KS¦. Fen ve M¿hendislik Dergisi 9(2), 133ï139 (in Turkish, English abstr.). 

Kaya, D., ¢aĵman, S., Eyidoĵan, M., Aydoner, C., ¢oban, V. & Tērēs, M. 2009. Turkey's animal 

waste biogas potential and economy. Atēk Teknolojileri Dergisi 1, 48ï51. (in Turkish). 

Kaya, D. & ¥zt¿rk, H. 2012. Biogas technology-generation-use-designing. Umuttepe Yayēnlarē, 

253 pp. (in Turkish). 

Ko­er, N.N., ¥ner, C. & Sugºz¿, Ķ. 2006. Cattle-dealing potential of turkey and biogas 

production. Doĵu Anadolu Bºlgesi Araĸtērmalarē 17ï20 (in Turkish, English abstr.). 

Ko­er, N.N. & Kurt, G. 2013. Cattle-dealing potential of Malatya and biogas production. SAU J. 

Sci. 17(1), 1ï8. (in Turkish, English abstr.). 

Li, J., Wei, L., Duan, Q., Hu, G. & Zhang, G. 2014. Semi-continuous anaerobic co-digestion of 

dairy manure with three crop residues for biogas production. Bioresource Technology 156, 

307ï313. 

Oleszek, M., Kr·l, A., Tys, J., Matyka, M. & Kulik,  M. 2014. Comparison of biogas production 

from wild and cultivated varieties of reed canary grass. Bioresource Technology 156,  

303ï306. 

OnurbasĚ Avcioĵlu, A. & T¿rker, U. 2012. Status and potential of biogas energy from animal 

wastes in Turkey. Renewable and Sustainable Energy Reviews 16, 1557ï1561. 

http://adbioresources.org/wp-content/uploads/2013/06/59-80_chapter5_v4.pdf
http://www.afbini.gov.uk/
http://www.mmo.org.tr/resimler/dosya_ekler/ffcec9d25e4a0d2_ek.pdf?dergi=1045
https://www.iea.org/publications/freepublications/publication/WEO2014ESTurkish.pdf


660 

Republic of Turkey ministry of energy and natural resources 2015a. Turkey 2013 annual energy 

statistics report. http://www.enerji.gov.tr/tr-TR/EIGM-Raporlari Accessed 01.09.2015 (in 

Turkish). 

Republic of Turkey ministry of energy and natural resources 2015b. Monthly energy statistics 

report-12. http://www.enerji.gov.tr/tr-TR/EIGM-Raporlari Accessed 20.01.2016 (in 

Turkish). 

Swedish Gas Centre (SGC). 2012. Basic Data on Biogas. ISBN: 978-91-85207-10-7. 

http://www.sgc.se/ckfinder/userfiles/files/BasicDataonBiogas2012.pdf  

Accessed 15.08.2015. 

Turkish Electricity Transmisson Company (TETC), 2016. Turkey Electrical Statistics. 

http://www.teias.gov.tr/TurkiyeElektrikIstatistikleri.aspx Accessed 15.01.2016. 

Turkish Statistical Institute (TSI) 2015. Livestock Statistics. 

https://biruni.tuik.gov.tr/hayvancilikapp/hayvancilik.zul Accessed 22.10.2015 (in Turkish). 

Ulusoy, Y., Ulukardeĸler, A.H., ¦nal, H. & Alibaĸ, K. 2009. Analysis of biogas production in 

Turkey utilising three different materials and two scenarios. African Journal of Agricultural 

Research 4(10), 996ï1003. 

Wikipedia 2015. https://tr.wikipedia.org/wiki/Marmara_Bºlgesi. Accessed 15.08.2015 (in 

Turkish). 

Yingjian, L., Qi, Q., Xiangzhu, H. & Jiezhi, L. 2014. Energy balance and efficiency analysis for 

power generation in internal combustion engine sets using biogas. Sustainable Energy 

Technologies and Assessments 6, 25ï33. 

 

 

http://www.enerji.gov.tr/tr-TR/EIGM-Raporlari
http://www.enerji.gov.tr/tr-TR/EIGM-Raporlari
http://www.sgc.se/ckfinder/userfiles/files/BasicDataonBiogas2012.pdf
http://www.teias.gov.tr/TurkiyeElektrikIstatistikleri.aspx
https://biruni.tuik.gov.tr/hayvancilikapp/hayvancilik.zul
https://tr.wikipedia.org/wiki/Marmara_Bölgesi


661 

Agronomy Research 14(3), 661ï671, 2016 

 

 

 

Material waste paper recycling for the production of substrates 

and briquettes 
 

I. Balada*, V. Altmann and P. ĠaŚec 
 

Czech University of Life Sciences Prague, Faculty of Engineering, Department of 

Machinery Utilization, Kamycka 129, CZ 165 21, Prague 6 ï Suchdol, Czech Republic 
*Correspondence: baladai@tf.czu.cz 

 
Abstract. This Article is focusing on recycling waste paper, which became one of the main 

collecting commodities for its widespread use in many economic regions. The introduction 

provides an overview of the development of a segment of waste paper in the EU. The article 

presents information about product options, new materials from processed waste and waste paper. 

The first part of the article describesthe situation in the Central Bohemia region both in terms of 

production and in terms of processing capacities. The next part of the article contains the practical 

information and value gained from the process of production of briquettes from waste paper and 

the description and analysis of technologies as well as description and analysis of achieved 

physical characteristics of manufactured briquettes. Another mentioned option for using waste 

paper is the application in substrate production technology as an input material with excellent 

physical properties, which could become an indispensable component in the production of high-

quality substrates. The resulting values indicate a higher absorption capacity of fluids that are 

substrates of biodegradable materials. In both technologies there are present variations of the 

different samples and their ratios used to manufacture the final products and are shown in the 

resulting comparison. 

 

Key words: biodegradable municipal waste, material recycling, composting, production of 

briquettes. 

 

INTRO DUCTION  

 

Today the comfortable life is paid with the expressive consumption of energy in all 

its forms. The non-renewable energy source reserves are limited and they are to exhaust. 

Nevertheless, they supply about four fifths of energy consumption. In last decades, the 

renewable energy sources have been preferred. One of alternative forms of fuel, made 

from renewable sources, is the fuel on the basis of paper waste. First of all, it is 

recommended to recycle this raw material ï to use it as a material (McKinney 1995). 

From the results of works published before (Broģek 2013; Broģek & Nov§kov§, 

2013), it follows that compared to briquettes from wood waste, briquettes made from 

recovered paper and board are of low moisture content, high density, high mechanical 

durability and relatively high force is necessary for their rupture. But at the same time, 

they have high ash amount and low gross calorific value. 

The constant industrial activity rise and world population growth are directly 

related to the increase of overall energy consumption, and it is estimated that in 2025, 

energy demand will surpass by 50% the current needs (Ragauskas et al., 2006). 

mailto:baladai@tf.czu.cz
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Nowadays, almost 80% of the worldôs energy supply is provided by fossil fuels (Sims et 

al., 2007) with harmful impacts to the environment. 

In the Czech Republic, 800,000 tons of waste paper is collected anually in average 

via separate sorting, but out of this amount only 315,000 tons is processed, and the rest, 

i.e. approx. 60% out of the mentioned total amount, is being exported abroad at the 

expense of the environment and the Czech economy. Although a paper consumption in 

the Czech Republic is estimated at 1.5 million tons, only 900,000 tons of paper is 

produced there. Out of this quantity, 700,000 tons is exported simultaneously, which 

means that it is necessary to import 1.3 mil. tons of new paper (Bart§k, 2010). These 

figures clearly confirm that 85% of the paper intended for consumption must be imported 

to the Czech Republic. 

In recent years recorded, one of the most serious problems in the environmental 

field is an increased soil erosion and the associated degradation of the total agricultural 

land fund (Pl²va et al., 2016). The paper presents two ways of secondary material 

recycling of waste paper in order to manufacture substrates, which are going to replace 

the loss of humus in the soil. Through application of produced substrates into the soil, 

other negative phenomenons, e.g. decreasing infiltration capacity of soil, can be 

prevented. Low infiltration results in poor water penetration into the deeper section and 

thus there is a constant destocking of groundwater. 

The paper presents two ways of processing the waste paper and its consequent 

potential use. There are two groups of experiments that A) lead to the production of 

briquettes and determine their bulk density with a focus on the future use in the 

production of substrates as substitutes for e.g. behind wood chips, and B) lead to the 

production of the substrate in which the waste paper is going to be a high-quality 

irreplaceable commodity. During the production of the substrate, the sludge from sewage 

treatment plants (STP) is utilised at high extent, which brings another positive effect to 

recycling of problematic waste materials. 

The experiments focus on the qualitative characteristics of the products produced. 

Both products are going to be applied to the soil in the next trial period and are going to 

be tested on their ability of rainwater retention in the soil profile. Based on the results, 

the before-mentioned primary experiments are going to be expanded with the content 

percentage adjustment in order to determine the optimum ratio of waste paper and added 

secondary waste materials that would ensure maximum dwell time of rainwater in the 

soil profile and would reduce risk of water erosion due to extreme precipitation. 

 

MATERIALS AND METHODS  

 

The goal of the research is the confirmation of waste paper usability, especially in 

the view of its low apparent density and high ability to bind water. In this paper, the 

primary results that deal with the verification of biodegradation properties and structural 

transformation of waste paper after shredding and crushing are presented. 

 

A) Production of briquettes 

The volume of shredded paper was determined using measuring cylinders of known 

volume and weight of the material. There were chosen 3 kinds of waste paper for the 

experiment: 

¶ office paper shredded with the Fellowes MS 450Ms paper shredder, 
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¶ shredded paperboard (Fig. 3), 

¶ shredded waste paper (a mixture of magazines, newspapers and other paper 

packaging), shredded using the HSM DuoShredder 5750 at WEGA recycling Ltd. 

The material was scattered into a 1,000 ml measuring cylinder. The material was 

not compacted, just sprinkled into the measuring cylinder of the same height. 

Subsequently, the material was sprinkled on a scale and the weight of the material was 

measured in [g]. There were 10 measurements performed for each material and the mean 

value was determined, from which the specific weight of input shredded material was 

calculated. 

Other devices: 

¶ the measuring cylinder with a volume of 2,000 ml, 

¶ laboratory scale KERN PFB 2000-2 with weighing range up to 2,000 g with a 

0.01 g accuracy. 

The material was inserted into the reservoir of briquetting machine BrinkStar CS25 

with a matrix of 65 mm, and three types of briquettes were produced depending on a 

waste paper. Maximum operating pressure of the briquetting machine was 18 MPa 

(180 bar). Materials for pressing had to meet the following conditions: moisture content 

from 8 to 15%, dimensions smaller than 15 mm and bulk density of at least 70 kg m-3. 
Briquette height was measured in two spots and the average value was calculated. Using 

the matrix diameter 65 mm, the height and the weight of the briquettes, the resulting bulk 

density was calculated. The briquettes were also analyzed to obtain a combustion heat 

and heating value according to ISO 1928. According to the manual of the briquetting 

machine, the briquettes should have had a shape of a cylinder of diameter 65 mm, length 

from 30 to up to 50 mm, and the heating value from 15 to 18 MJ kg-1. The compression 

coefficient was calculated as the ratio between the density of the material prior to 

entering the briquetting machine and the density of the resulting briquettes. 

 

B) Production of substrate using waste paper 

The aim of the experiment was to verify the possibility of processing raw material 

composed of cardboard and of sludge from sewage treatment plants in a high percentage 

share by technology of composting in order to verify the material degradation, and to 

produce a substrate. 

In order to create piles for substrate production, composters showed in Fig. 1 were 

stocked with the raw materials listed in Table 1. Formation of raw materials was carried 

out according to the standard EN 14 045. 

 

 
 

Figure 1. Establishment of piles of row material. 
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Table 1. The parameters of individual components and of the total 

Sample 

No. 
Sample photo Material used 

Volume 

[m3] 

Weight 

[kg] 

C:N 

[-] 

1. 

 

sludge from STP 0.325 229.474 8.3:1 

cardboard (2x2) [cm] 0.114 3.911 150:1 

fresh grass matter 0.311 89.364 30:1 

total 0.75 322.746 14.4:1 

2. 

 

sludge from STP 0.325 229.474 8.3:1 

cardboard (10x10) [cm] 0.114 3.911 150:1 

fresh grass matter 0.311 89.364 30:1 

total 0.75 322.746 14.,4:1 

3. 

 

sludge from STP 0.325 229.474 8.,3:1 

cardboard (3x25) [cm] 0.114 3.911 150:1 

fresh grass matter 0.311 89.364 30:1 

total 0.75 322.746 14.4:1 

 

Due to the fact that the piles had the same weight of individual components, the 

speed and quality of gradual decomposition of waste paper according to its original 

sample size could have been observed during the prosess. In the middle of the 

experiment, i.e. after 30 days, observations of the decomposition were carried out 

according to norm ĻSN EN 14045. After the decomposition assesment, substrate 

production was accomplished under the conditions of autumn outdoor temperatures. 

The temperature during decomposition was measured using electronic 

thermometers Testo 175 able to record measured data (Pliva et al., 2016). Upon entering 

the experiment, the thermometer recorders were programmed to measure hourly the 

temperature at the end of the probes (inside the pile), and also ambient air temperature. 

Thermometers were placed in the composters for the whole duration of the experiment, 

with the exception of compost rearrangement. 

The oxygen content was measured by an electrochemical method using the  

Testo 327 with a penetration probe, and an electric gas pump. 

For the detection of density, a method weightigh the known volume of raw 

materials was used. From the weighted value, the values in desired units [kg m-3] were 

calculated. The standard scale of up to 30 kg was used for weighting as well as a vessel 

with calibrated volume. The procedure for determining materialsô bulk density (Pl²va et 

al., 2016) was as follows: 

1) A sample of the raw material was chosen for determination of bulk density. 

2) After filling the measuring vessel with a defined volume of 0.038 m3, the 

container with the material was weighed, and the weight of the measuring vessel was 

subtracted from the detected value afterwards. 

3) The weighing was carried out for a total of three samples taken from the total 

amount of raw material. 
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4) The detected density in kg m-3 was calculated with the following formula (1): 
 

3

321 mmm
kmv

++
Ö=   [kg m-3] (1) 

 

where: k ï conversion coefficient [m-3]; mn ï sample weight [kg]. 

 

When determining the humidity of raw material, a sample of about  g was taken 

and was subsequently spread on a mat, and larger lumps were broken down. Dividing 

the sample reduced it to 500 g, and it passed then through a sieve having a mesh size of 

5 mm. After this adjustment, 20 g of compost was collected from the original sample 

(accuracy of Ñ 0.05 g) into weighed dry containers and the sample was dried at 105 ÁC 

to a constant weight. After cooling in a desiccator, the sample was weighed and the 

moisture content was calculated in % (Pl²va, et al., 2016). 

The gravimetric moisture content was calculated using the formula (2): 
 

m

m
x

100.1

=  [%] (2) 

 

where: m1 ï sample weight loss by drying [g]; m ï weight of the sample before 

drying [g]. 

 

RESULTS AND DISCUSSION 

 

A) Production of briquettes 

In the first part of the research, the density of selected materials was calculated, and 

it was found out that the cardboard had the highest density. It is due to a higher proportion 

of pulp after multiple recycling that the cardboard containes compared to other types of 

waste paper. 

In the next part of the experiment, the production of briquettes of cylindrical shape 

with a diameter of 65 mm (Fig. 2) using a briquetting press was performed. The tested 

waste material was continuously inserted into the reservoir, and after the briquettes had 

been produced, the entire reservoir was cleaned before being used again for another 

tested material. 

 

   
 

Figure 2. Briquette production process: a) a container with the material; b) conveyor of the 

briquettes; c) briquettes produced. 

 

a) b) c) 
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Twenty pieces of produced briquettes were tested for each measured type of the 

waste paper. Each briquette was measured at two spots to calculate the height and its 

average value. Furthermore, the volume of the briquettes was calculated, as was their 

weight and their bulk density. At the end, the compression ratio of the mentioned types 

of waste paper was calculated (Table 2). 

 
Table 2. Calculation of compression ratio of measured types of waste paper 

Input 

material 

Bulk density of 

input material 

[kg  m-3] 

Bulk density of 

briquettes 

[kg  m-3] 

Compression 

ratio 

[-] 

separate paper 66.322 278.343 4.20 

cardboard 76.202 252.322 3.31 

office paper 55.622 258.126 4.64 

 

The briquettes were analyzed to obtain a combustion heat and heating value 

according to ISO 1928 (Table 3). The heating value of briquettes made of paper fell 

bellow the interval indicated by the manual of the briquetting machine. The cardboard 

briquettes demonstrated the highest heating value, probably because of the content of 

chemical binders. 

 
Table 3. Chemical analysis, heating vaue and combustion heat of the briquettes 

Materials 
Humidity Ash C H N S O Combustion 

 heat 

  MJ kg-1 

 Heating 

 value 

 MJ kg-1 gravimetric % 

office paper 4.13 12.628 36.175 5.107 0.060 0.041 44.146 12.941 11.821 

separate paper 4.225 20.408 35.305 4.769 0.086 0.032 37.221 13.194 12.152 

cardboard 4.820 11.580 39.348 5.408 0.135 0.050 41.183 14.717 13.535 

 

The aim of the experiment where briquettes were produced by pressing three types 

of waste paper was to assess quality of the compression and possibility of further 

material use after its shredding. It is well known that there is a large amount shredded 

waste paper in office buildings that is according to current practice disposed of mainly 

together with a mixed municipal waste to a landfill. The briquettes produced can be used 

both in the process of energy production via combustion, and in the compost production 

process where they can significantly reduce the cost of transportation thanks to the 

compression ratio. This is going to be the subject of further reflection and 

experimentation. The size of manufactured briquettes is in accordance with data 

reporting the size of wood chip material from various wood chippers (Epstein et al., 

1997), and corresponds to the commonly used sizes exploited in composting plants as 

mentioned by Soucek & Burg (2009). 

The bulk density of the paper briquettes is up to 4 times lower than the density of 

briquettes made from herbaceous phytomass, and there is no problem of increased level 

of nitrogen that is generated by energy utilization of herbal phytomass as indicated by 

e.g. Theerarattananoon et al. (2011), Hutla (2012), or Zajonc & Frydrych (2012). 
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B) Production of substrate using wastepaper 

Measurement of gradual decomposition of waste paper in the pile 

The controlled microbial decomposition in composters was used as for a 

technology of substrate production. All the raw materials were measured for determining 

their humidity, weight and density. Table 4 showes the resulting values. During the 

composting process, important indicators, i.e. temperature and oxygen content, were 

monitored. Bulk density and humidity were measured also in the final compost. Input 

material and the resulting compost were subjected to chemical analysis in an accredited 

laboratory. The effectiveness of sanitation was assessed, and quality parameters were 

specified. 

 
Table 4. Raw materials for the production of substrate from waste paper, and from sludge of 

sewage treatment plants 

Material 
Weight of the samples of given volume 0.038 m-3 [kg]    Density 

   [kg m-3] 

  Humidity 

  [%] 1 2 3 Average 

cardboard 1.22 1.19 1.50 1.30 34.30 1.60 

grass 10.50 11.20 10.90 10.87 286.97 40.51 

sludge (STP) 27.60 26.20 26.80 26.87 707.02 79.80 

 

Based on the photographs (Fig. 3), it can be stated that sample No. 3 with cardbord 

size of 3 x 25 cm demonstrated the fastest decomposition process. It showed signs of the 

highest decomposition of the superficial layer, and of disintegration into three parts. The 

reason seems to be the largest contact area with the other compost components, and thus 

absorbtion of the highest amount of moisture from the surrounding environment. 
 

 
 

Figure 3. The gradual disintegration of waste paper in the compost after 30 days of composting 

(from left to right samples No. 1, 2, 3). 

 

Measurement of temperature 

The temperatures in individual composters didnót show any abnormal differences, 

thus Fig. 4 presents the measured and recorded temperatures of only one of them. The 

curve of air temperature has large aberrances, because three daily measurements are 

plotted. Accordingly, the temperature fluctuates compared to the temperature in the 

compost piles where only one average value per day is charted. Eight digovers are crearly 

discernible in the graph. Due to autumn period, temperatures were relatively low. 
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Figure 4. Graph of the temperature development in the composter in autumn 2015. 

 

Measurement of oxygen content 

Concerning oxigen content, data retrieved from the composters No. 1 to 3 are 

shown in an abbreviated form in Fig. 5. Eight digovers were performed. After each 

digover, the amount of oxygen in the compost increased. 

 

 
 

Figure 5. Measuremens of the average oxygen content in the piles in autumn 2015. 

 

Aerating the substrate and securing aerobic conditions are the key requirements 

material decomposition through composting technology. Microorganisms that transform 

organic matter have high demand of aerial oxygen. The technology has to enable an 

exchange of gasses between the maturing substrate and its environment, so that there is 

enough fresh air containing oxygen in the pile. Oxygen content in the aerial pores of 

maturing compost should reach at least 6% (Laurik et. al., 2011; DubskĨ & Kaplan, 2012 

etc.). As the measured values plotted in Figure 5 show, the development of the oxygen 

content in the piles was optimal. At the beginning of the process, it did not decrease 

below the threshold of 6.8%, and at the end, it continuously approached common level 

of aerial oxygen, i.e. 20.9%. 
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Evaluation of the substrate produced 

The quality of the substrate produced was evaluated from the perspective of 

CSN 64 5735 in an accredited laboratory. Overall characteristics and heavy metal 

content were assessed. Basic quality characteristics of sludge input were also 

established. The results are shown in Table 5. 

 
Table 5. Quality parameters of the input sludge and the resulting substrate and evaluation of 

concentration of hazardous elements in the input sludge and in the substrate produced 

Quality parameters Sludge Substrate Limits Unit 

humidity 79.80 59.89 min. 40.0; max. 65.0 [%] 

combustibles in dry sample 54.72 34.5 min. 25 [%] 

C* 27.36 17.3 - [%] 

N* 3.30 1.28 min. 0.60 [%] 

C:N Ratio 8.29 13.5 max. 30:1 [-] 

pH - 7.47 from 6.0 to 8.5 [-] 

Cd* 0.7 0.93 max. 2 mg kg-1 

Pb* 34 28 max. 100 mg kg-1 

As* 6.7 12 max. 20 mg kg-1 

Cr* 25 33 max. 100 mg kg-1 

Cu* 62 57 max. 150 mg kg-1 

Ni*  15 21 max. 50 mg kg-1 

Hg* 2.4 0.93 max. 1 mg kg-1 

Zn* 410 360 max. 600 mg kg-1 
*  in dry matter 

 

The production of substrates of sewage sludge was already covered by a number of 

authors, for example by Laurik et al. (2011) and DubskĨ & Kaplan (2012). The effect of 

quality of the substrate on the growth of some crops was observed by Wilson et al. 

(2002); DubskĨ & Ġr§mek (2008) and Carlile (2008). In the Czech Republic, the sewage 

sludge is added commonly into substrates, but forms generally only 20% of their weight. 

Sludge contains a high level of nitrogen. Therefore in the case of its higher share in the 

substrates, it is necessary to adjust the C:N ratio by adding the raw material with a 

sufficient carbon content. The fresh grass mass doesnôt affect the ratio too much. Wood 

chips are more suitable from this respect. According to Raclavsk§ (2008), the ratio of 

dewatered sewage sludge to wood chips should amount to 60:40. 

The results of the experiment, where the experimental raw mix consisting of fresh 

grass cuttings, sewage sludge in a high share (71% of the total compost weight), and of 

the addition of structural material in the form of small pieces of cardboard underwent 

decomposition, confirmed the ability to combine these materials and showed partly 

favorable results. Quality characteristics of the finished substrate resulting from the 

conversion of the raw materials met the requirements of the standard CSN 46 5735 

óIndustrial substrateô. The prescribed temperature was reached during the process, 

though the temperature of 55 ÁC required by standards for the treatment of sludge from 

sewage treatment plants was not. Apparently, the narrow C:N ratio achieved caused this. 

It did not constitute a major problem, because the experiment was focused on possibility 

of decomposition of waste paper mixed with high amount of sewage sludge, and further 

utilization of the resulting substrate was not presumed in an agricultural fielda at this 

stage of the experiment. The fact that the decomposition was attained even at the lower 

javascript:r(1)
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temperatures and that the temperature of the processed material increased after each 

digover can be assessed as positive. Chemical risk assessment of the elements contained 

in the compost showed below-threshold concentrations of tracked elements (Table 5). 

 

CONCLUSIONS 

 

Concerning the experiment of briquette production, the cardboard waste that had 

undergone several recycling processes attained the lowest compression ratio, and thus 

pressing had the lowest effect. The highest compression ratio and therefore the highest 

pressing efficiency were achieved with the paper of higher quality, i.e. the paper from 

primary production, or once only recycled at most, which when shredded, disintegrated 

into smaller particles compared to shredded cardboard. Properties of the briquettes with 

the lower compression ratio can be exploited for example in the mentioned composting 

technology where it can lead to a faster decomposition of the briquettes used. The 

briquettes can serve as a substitute material in order to adjust the C:N ratio and moisture 

during composting as was reported by Souļek & Burg (2009) and Pl²va et al. (2016). 

The results of the experiment, where the experimental raw mix consisting of fresh 

grass cuttings, sewage sludge in a high share (71% of the total compost weight), and of 

the addition of structural material in the form of small pieces of cardboard were 

processed, confirmed the ability to combine these materials. The tested paper waste 

could substitute wood chips. It demonstrates a sufficiently high percentage of carbon. If 

prepared at a high quality with regard to the desired particle size, it can serve also as a 

structural material. In the basis of the experimental substrates, only a small amount of 

cardboard was used (about 1.5% of the total substrate weight). Starting moisture also did 

not reach optimal values. Smaller water content and a more appropriate ratio of carbon 

to nitrogen substances would have most likely ensure better results of the process of 

substrate production. It is possible to continue the experiment in this area with testing 

higher mass loads of waste paper even with the presumption that the higher amount of 

waste paper will form a problem when attaining the desired substrate moisture. But this 

can be modified during the composting process more easily than in the case of excessive 

moisture. 

Based on the previous, the further research is going to be focused on an analysis of 

physical properties of substrate made from waste paper in relation to the higher ability 

to retain water in the soil. This could help e.g. during intensive precipitation, and in 

general to protect soil against erosion. 
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Abstract. In electric vehicles electric vacuum pumps are used instead of traditional vacuum 

generation devices ï the vacuum pump or the intake manifold that are specific to vehicles with 

internal combustion engines. A special driving cycle has to be designed to identify the 

effectiveness of electric vacuum pumps. The initial experiments were carried out on a real road, 

intensively applying the breaks and exploiting the vacuum generation devices as long and 

intensively as possible. Basing on these experiments brake test cycle was developed. It consists 

of three braking regimes that involve smooth and uninterrupted braking, interrupted and repeated 

braking and multiple activation of the brake pedal. Using this cycle, it is possible to conduct 

research on the performance of various automobile components during braking. 

 

Key words: vacuum booster, brake system, brake regimes, test cycle, braking time. 

 

INTRODUCTION  

 

The key purpose of the main brake system is to ensure the automobile stops within 

the shortest possible distance after the driver has activated the brake system. The brake 

system is one of the structural elements of automobiles on which focus is placed both 

during annual roadworthiness tests and when undergoing a certification procedure for a 

new automobile. 

A group of scientists of the Faculty of Engineering, Latvia University of 

Agriculture, developed an electric automobile within an EU project. The electric 

automobile was built up by converting an internal combustion engine automobile ï its 

standard internal combustion engine was removed and replaced with an electric motor. 

One of the elements changed in conversion was the brake vacuum generation device. 

Modern cars mainly use two types of engines: petrol and diesel engines. For petrol 

engines, vacuum is created by connecting the brake boosterôs vacuum hose to the intake 

manifold, whereas for diesel engines vacuum is provided by a special vacuum pump. In 

electric automobiles vacuum is provided by a special electric vacuum pump. 

When reviewing the conversion design for the automobile, inspectors of the Road 

Traffic Safety Directorate of the Republic of Latvia raised a question about the 

productivity of vacuum pump in various operation regimes for the electric automobile. 

For this reason, it was necessary to conduct tests on a roll test bench, simulating the 

mailto:dainis.berjoza@llu.lv
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driving conditions. Since no special driving cycle for testing the brake system on a roll 

test bench had been designed, such a cycle had to be developed. The purpose of a driving 

cycle is active and multiple use of the brake system under the most disadvantaged 

operation regimes for the brake vacuum pump. 

There are two ways of developing a driving cycle. Modal or polygonal cycle is 

composed from various driving modes of constant acceleration, deceleration and speed, 

for example, New European Driving Cycle (NEDC). The other type is derived from 

actual driving data and is referred as óreal worldô cycle. Such cycle example is the FTP-

75 (Federal Test Procedure) cycle. The óreal worldô cycles are more dynamic, reflecting 

the more rapid acceleration and deceleration patterns experienced during on road 

conditions (Tzirakis et al., 2006). 

In this particular case the second method is most suitable. Cycle development 

methodology is already developed and approved at the Faculty of Engineering in 

previous studies investigating the use of biofuels (Dukulis & Pirs, 2009). 

 

Brake booster vacuum systems 

A brake booster is a device that reduces the force to be applied to the brake pedal 

during braking by means of vacuum generation devices. Operational parameters of 

vacuum pumps that are powered by internal combustion engine shafts depend on the 

engine crankshaftôs rotation frequency, while in electric automobiles the operational 

parameters are not affected by the main electric motor. 

In the European Union, the key document that stipulates brake testing procedures 

is Commission Directive 98/12/EC regarding brake systems for vehicles of certain 

categories and their trailers (Commission Directiveé, 1998). The Directive prescribes 

a methodology for calculating braking distances if the speed, deceleration and other 

parameters of a vehicle are known. Braking tests have to be performed with the engine 

both engaged and disengaged. Also, brakes have to be tested if their temperature is below 

100 ÁC or exceeds it. In a test, M1 category vehicles with the engine engaged have to 

make a deceleration of not less than 5.8 m s-2, while with the engine disengaged it has to 

be not less than 5.0 m s-2. The force applied to the brake pedal does not have to exceed 

500 N (Commission Directiveé, 1998). The Directive provides a methodology for 

determining the load on the vehicleôs axles. The Directive does not provide information 

on how to perform tests for brake boosters. 

In the Republic of Latvia, the legal act that stipulates the technical condition of 

vehicles is Minister Cabinet Regulation No. 466 of 29 April 2004 óRegulations 

Regarding Roadworthiness Tests for Vehicles and Technical Roadside Inspectionsô 

(Regulationsé, 2004). Clause 405.1 stipulates that for cars the force applied to the brake 

pedal does not have to exceed 500 N. Nothing is mentioned regarding brake booster 

tests, while for defects that are evaluated with code ó2ô ï unacceptable ï the Regulation 

states that the amount of force applied to the brake pedal may not exceed that set by law. 

There have been research studies on the optimisation and modelling of regenerative 

braking for electric automobiles (Yeo et al., 2004). Extensive research studies have been 

conducted on the effects of brake system components on braking parameters (Maciuca 

& Hedrick, 1995). These studies analyse the effect of vacuum brake boosters of various 

structures on braking and develops an algorithm for a mathematical model for reading 

controller parameters, which includes vehicle speed control, brake torque control, wheel 

brake pressure control and actuator pressure control modules. 
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Specific research studies and research methodologies on brake boosters are 

available in a limited number. A research study conducted within a doctoral dissertation 

at the University of Bradford can be mentioned as one of the research studies on brake 

system vacuum boosters. The research focused on the influence of braking system 

component design parameters on pedal force and displacement characteristics (Ho, 

2015). This research extensively analysed vacuum booster structures as well as the brake 

pedal ófeelingô for various brake systems depending on their structures. The research 

also analysed a mathematical model for the brake vacuum booster, pointing that modern 

automobiles usually used such boosters at a brake booster ratio ranging from 4:1 to 6:1. 

Characteristics were determined for every braking system component. In the research, 

the brake pedal was tested at a load within a range of 49.05ï245.25 N. A test was 

performed also for the brake pedal together with the brake cylinder. The test showed a 

linear increase in braking fluid pressure in the master cylinder within a range of 0ï13 bar 

at the force applied to the brake pedal within a range of 0ï600 N. The research analysed 

an association between change in braking pressure and the brake pedalôs displacement. 

A brake activation robot was used to activate the brake pedal. A 0.7 bar vacuum pressure 

generated by an electric vacuum pump was used to operate the vacuum booster in all 

tests on the whole braking system. The tests on the whole braking system produced data 

on the effect of the brake pedalôs displacement on pressure in the braking system both 

with and without the vacuum booster. The maximum pressure in the brake pipe ranged 

from 50 to 59 bar. The tests were done also on a Honda automobile, recording braking 

parameters. The braking was done both by the brake activation robot and by a human. 

The data acquired were employed in the mathematical model. A mathematical model for 

the vacuum booster was developed too as one of the elements of the system researched. 

Characteristic curves both for boosters at various brake booster ratios and for the 

situation with no booster were acquired by means of this model. 

An analysis of available information sources leads to a conclusion that no data on 

brake system vacuum boosters tested on a roll test bench at various braking regimes are 

available, and so far no custom-adjusted driving cycles have been designed to test 

vacuum boosters at various braking regimes. For these reasons, it is useful to design a 

driving cycle for testing brake system vacuum boosters. The cycle has to ensure that a 

brake can be tested under the most disadvantaged regimes for the vacuum booster. 

 

MATERIALS AND METHODS  

 

Choice of regimes to research brake vacuum booster pump parameters 

One of the key tasks of researching a brake vacuum booster is the choice of regimes 

of braking. The key criteria for choosing a braking regime are as follows: 

¶ multiple operations of smooth braking have to be performed, so that the brake 

vacuum booster is engaged a number of times; 

¶ braking regimes have to be developed in a way to be precisely simulated on a roll 

test bench in the regime simulating real road conditions; 

¶ braking regimes may be repeatedly employed for all vehicles researched; 

¶ braking regimes have to be universal and appropriate for vehicles of any kind of 

engine and fuel. 
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To select test regimes when developing the initial test programme, an approximate 

driving cycle algorithm was chosen (Fig. 1). 

 

 
 

Figure 1. Algorithm for one regime of the driving cycle. 

 

One stage of the driving cycle starts with an automobile being parked at point A. 

The automobile starts accelerating at Stage AïB. Stage BïC is characterised by 

depressing clutch movement at a speed of å 80 km h-1. It starts braking at point C. Stage 

AïC refers to preparing the test regime, while Stage CïE directly relates to braking. At 

Stage CïE, the brake is activated several times. At point E, the automobile is stopped 

and is at a standstill. The particular stage presented in Fig. 1 is used to read speed 

characteristics for the driving regimes in the road tests. By choosing various maximum 

speed and brake activation timing and frequency regimes, different characteristic curves 

are acquired. A driving cycle of braking regimes is acquired by placing these different 

stages one behind another, which corresponds to the brake booster pumpôs performance 

characteristics. A draft regime protocol is drawn for tests, which is used during the road 

tests for simulating a particular regime. 

The following braking regimes are envisaged in the initial test programme: 

¶ smooth braking starting at a speed of 80 km h-1 through to a complete stop; 

¶ the braking regime in which the brake is activated multiple times at a specific speed 

of the automobile. The brake is activated to slow down from 80 to 60 km h-1, then 

braking is interrupted and activated again to reach a speed of 40 km h-1; the brake 

pedal is released and pushed down again to slow down to a speed of 20 km h-1; the 

brake pedal is released and activated until the automobile comes to a complete stop; 

¶ braking is started at a speed of 80 km h-1 and the brake pedal is activated 2ï3 times; 

when a speed of 50 km h-1 is reached, the brake pedal is again pushed down 2ï3 

times. 

All the mentioned driving regimes were used in the road tests. 
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Devices and vehicles used for the road tests 

A compact passenger car Renault Trafic with a 2.0 l diesel engine was used in the 

road tests. The car was equipped with data reading and recording devices. The key 

parameters to be recorded in the road tests were speed, time, engine crankshaft 

frequency, brake pedal position and vacuum pressure in the brake booster pumpôs main 

pipe. The key characteristics of the devices used in experiments are given in Table 1. 
 

Table 1. Technical characteristics of the devices used in experiments 

No 
Characteristics Technical parameter 

Automobile Renault Trafic 

1. Engine capacity, cm3 1,995 

2. Engine power, kW 66 

3. Gross weight, kg 2,835 

4. Weight during road tests, kg 2,130 

5. Maximum speed, km h-1 150 

Pressure sensor Trafag 8472.77.8817 

1. Measuring range, bar (accuracy) 0...6 (Ñ 0.05) 

2. Voltage supply, V 10...30  

3. Output voltage, V 0...5 

4.  Output amperage, mA 4...20 

5. Operating temperature, ÁC -25...125 

Data logger DashDyno SPD 

1.  Speed, km h-1 (accuracy) 0é250 (Ñ 0.2) 

2. 

3. 

4. 

Simple recording time, s 

Engine RPM (accuracy) 

Accuracy of distance measuring, m  

0.2é1 

0é10000 (Ñ 5) 

Ñ1 

5. Ambient operating temperature, ÁC  -10...55 

Additional adaptation unit  

1. Unit model CAN Interface Module 

450FT0293-01 

2. Number of analog signals 2 

3. Number of binary signals 13 

Roll test bench MD-1750 

1. Maximum measured power, kW (accuracy) 1,287 (Ñ 1) 

2. Maximal measured speed, km h-1 (accuracy) 362 (Ñ 0.2) 

3. 

4. 

5. 

Diameter of roller, m; 

Roller face length, m 

Inner track width, m 

1.27 

0.71 

0.71 

6. Outer track width, m 2.13 
 

A data logger DashDyno SPD was used to record parameters, which received 

signals from the automobileôs CAN pipe through a modifier and directly from the OBD 

diagnostic socket. A signal regarding change in vacuum system pressure was received 

from a pressure sensor Trafag 8472.77.8817 (Fig. 2). 
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Figure 2. Scheme for connecting the devices to the automobile: 1 ï car OBD connector; 2 ï data 

logging system DashDyno SPD; 3 ï CAN signal modifier for clutch and brake pedal position; 

4 ï pressure sensor; 5 ï car vacuum pump; 6 ï one way valve; 7 ï vacuum booster; 8 ï turbine 

pressure control valve line. 

 

Methodology for the road tests 

The tests were performed in December 2015 at an ambient temperature of +6 ÁC 

on a general purpose road between Tuski and Kalnciems. Before the tests, the devices 

were mounted on the automobile and checked for their functionality. Air pressure in 

tyres was also checked and adjusted to the nominal tire inflation pressure. Driving the 

automobile, its engine was warmed up to operating temperature. The data recording 

devices were turned on and test braking was done before starting the tests. After the data 

were saved, the data were checked for their consistency with the regime chosen. 

The driving regimes were chosen according to the description given above. 

Measurements were done by two operators: a driving regime operator or the driver of 

the automobile and a data recording operator. The driver, taking into consideration the 

road conditions, gave a signal about his readiness, and the data recording operator 

activated the recording devices. 

As an example Fig. 3 shows one of the acceleration and braking regimes. The 

automobile was accelerated from its initial speed to the speed of the chosen regime, 

which was 10 km h-1 greater than the initial braking speed (Fig. 3, a period from the 18th 

to the 47th second). Braking was done with the engine disengaged. The transmission was 

shifted to neutral or the clutch pedal was pushed down and braking was done according 

the regime chosen (a period from the 48th to the 55th second). The data recording device 

was stopped after the automobile came to a full stop. 

Each test was repeated five times. When processing the data, three data series with 

the highest correlation were selected. The speed change in time and moments of the 

activation and deactivation of the brake pedal were selected as the key data. 
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Figure 3. Screenshot of the test data from the logger. 

 

 

RESULTS AND DISCUSSION 
 

In developing the cycle, the following principles that could differ from the real 

driving conditions in road tests were taken into account: 

¶ the roll test bench Mustang has not been designed for brake system tests in 

particular; therefore, no hard braking was allowed, which could cause poorer 

traction for the test automobile; 

¶ no too fast acceleration was allowed for an automobile during the acceleration 

phase in order to test automobiles of all kinds. 

 

As an example of the cycle development the second braking mode when the brake 

is activated multiple times at a specific speed is discussed. Fig. 4 shows the time-speed 

curve of three repetitions. Correlation between these data series of more than 99%. 

For each second an average speed was calculated. Extreme phases were removed, 

and minor adjustments to speed curvesô displacement were made. As the result a 

theoretical speed curve for a 140 second cycle was built (Fig. 5). 
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Figure 4. Experimental velocity curves of the second braking mode. 

 

 

 
 

Figure 5. Cycle speed curves, gear changing and braking points. 

 

Since the Mustang software interface and menu did not provide an option to add a 

new driving cycle, then the system software core was investigated, variables were 

identified and the current cycle parameter files were analysed, while the self-made cycle 

was programmed. Its fragments are given in Table 2. 
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Table 2. Program code fragments 

Cycle general information Speed points Gear switching points 
[General] 

Name=Break test 

RunningTime=140 

MaxSpeedToShow=60 

SpeedErrorLimit=2 

SpeedErrorTimeRange=1 

WarningToViolationTime=2 

MaxDistanceError=0.05 

HPIntegrationWindow1Start=55 

HPIntegrationWindow1End=81 

HPIntegrationWindow1Tolerance=0.5 

HPIntegrationWindow2Start=189 

HPIntegrationWindow2End=201 

HPIntegrationWindow2Tolerance=0.5 

LR_MinSE=0 

LR_MaxSE=2 

LR_Minm=0.96 

LR_Maxm=1.01 

LR_MinR2=0.97 

LR_MaxR2=1 

LR_Minb=-2 

LR_Maxb=2 

MaxISEPercent=1 

MinPurgeFlow=1 

[SpeedPoints] 

Point1 = 0 

Point2 = 0 

Point3 = 0 

Point4 = 0 

Point5 = 6.27586464 

Point6 = 10.56333652 

Point7 = 11.806082 

Point8 = 14.29157294 

Point9 = 18.95186847 

Point10 = 21.74804578 

Point11 = 22.68010489 

é 

é 

é 

Point131 = 26.03551767 

Point132 = 14.97508295 

Point133 = 7.145786471 

Point134 = 1.429157294 

Point135 = 0 

Point136 = 0 

Point138 = 0 

Point139 = 0 

Point140 = 0 

[ShiftPoint1] 

TimeIntoTest=7 

FromGear=1 

ToGear=2 

[ShiftPoint2] 

TimeIntoTest=9 

FromGear=2 

ToGear=3 

[ShiftPoint3] 

TimeIntoTest=15 

FromGear=3 

ToGear=4 

é 

é 

é 

é 

[ShiftPoint20] 

TimeIntoTest=131 

FromGear=0 

ToGear=0 

[ShiftPoint21] 

TimeIntoTest=133 

FromGear=0 

ToGear=0 

 

A screenshot of the developed cycle in the test mode is shown in Fig. 6. The figure 

shows the test benchôs monitor screenshot for the cycle at the moment when the 

automobile accelerates. Lines around the central curve indicate considerable deviations 

in the speed and time curve. In case a significant deviation from the programmed curve 

was observed during the cycle, the cycle had to be repeated. 
 

 
 

Figure 6. Screenshot of the developed cycle in the test mode. 
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The key characteristics of any driving cycle are maximum speed, average speed 

and cycle duration. The mentioned characteristics for the developed cycle are 

summarised in Table 3. 

 
Table 3. Key characteristics of the brake vacuum booster for the test cycle 

No Parameter Measurement unit Value 

1. Distance covered km 1.727 

2. Total duration of the cycle s 140 

3. Maximum speed km h-1 85 

4. Average speed km h-1 44.41 

5. Movement duration in the cycle s 118 

6. Stopping duration in the cycle  s 22 

 

After the experimental cycle was developed, its quality was tested on a chassis 

dynamometer ï roll test bench Mustang MD1750. Initially insignificant corrections were 

made in gear-shifting duration.  

To determine whether a model (developed cycle) corresponds to the real driving, 

three test repetitions were made on the chassis dynamometer. Typically in such 

evaluation a comparison of the total cycle distance and average speed is performed. On 

the chassis dynamometer these parameters can be determined directly from the bench 

software. Real driving data were obtained by cutting out the corresponding data 

(acceleration and all braking modes) from the logger raw data. The results are 

summarized in the Table 4. 

 
Table 4. Model quality verification results 

No Parameter Road tests Laboratory tests Difference, % 

1. Distance covered, km 1.75 1.73 1.14 

2. Average speed, km h-1 44.10 44.40 0.68 

 

These results qualify as a high rating and developed cycle can be used in future 

experimental studies. 
 

CONCLUSIONS 
 

Brake tests in road tests on general purpose roads are dangerous, as the hard braking 

regime can negatively influence the smooth flow of other vehicles on the road. For this 

reason, it is useful to perform such experiments on a test bench or special testing grounds. 

With regard to the effectiveness of brake system vacuum boosters, the EU 

legislation stipulates standards only for the force to be applied to the brake pedal at 

500 N. No other parameters of this system are set. 

The purpose of the road tests was to examine change in brake system vacuum 

pressure depending on the driving regime chosen and to identify an appropriate speed 

and time regime for the movement of an automobile. During the experiment, the vacuum 

pressure of the brake pump changed from 0.24 to 0.87 bar depending on the engineôs 

operation regime. 
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An original driving cycle to test brake system components was developed based on 

the data for various braking regimes that were obtained in the experiment. 

The developed brake test cycle consists of three braking regimes that involve 

smooth and uninterrupted braking, interrupted and repeated braking and multiple 

activation of the brake pedal. The regimes developed include the majority of potential 

brake exploitation regimes. 

Using the developed driving cycle, it is possible to conduct research on the 

performance of various automobile components during braking. The following 

parameters of brake system components may be identified on a power test bench in 

experimental research: change in the vacuum pressure of a vacuum generation device, 

change in brake system pressure and change in the force applied to activate the brake 

pedal. 
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Abstract. Olive harvesting is one of the most laborious and expensive agricultural practices. 

Indeed, it absorbs 50% of the product value, and this is due to the continuous increasing of labour 

from one hand and to the lake of labourers from the other hand. Traditional olive orchards are 

characterized by the presence of large, century old trees and a very low planting density. These 

conditions make it difficult to plan sustainable and highly productive harvesting models, and 

therefore require the employment of partially or fully mechanized harvesting systems. In this 

context, experimental trials were carried out in a traditional olive orchard, situated in Calabria 

(Southern Italy), in order to assess technical and economic aspects of a commonly used harvester 

named oli-picker. This machine allows olive harvesting from tree canopy thanks to a spiked 

cylindrical comb mounted on a hydraulic articulated arm. Particularly, data about operational 

working time as well as working productivity were collected for technical purposes, whereas 

economic evaluation considered harvesting cost expressed in terms of cost per hour, cost per unit 

of product (1 kg of olives) and average cost per hectare. The obtained results highlighted that 

working productivity referred to the operative time, was 0.37 trees h-1 worker-1, while the cost per 

kg of harvested olives was 0.20 ú kg-1. From the conducted study, it emerges that encouraging 

results may be reached by mechanizing harvesting operation even in century old orchards.  

 

Key words: Olive orchard, mechanization, oli-picker, harvesting costs. 

 

INTRODUCTION  

 

Olive growing represents a key sector for the entire Mediterranean Basin. It 

contributes to the natural landscape formation, and has been largely spread in natural 

systems at least from the IV millennium B.C. to the anthropic period, both as wild variety 

óoleasterô Olea europea var. sylvestris and as cultivated one Olea europea var. sativa 

(Zohary et al., 2012). In Calabria, Southern Italy, olive orchards are spread over 188 

thousand hectares and produces more than 140 thousand tons of oil per year (ISTAT, 

2013). This patrimony is of a noticeable importance, however, it is characterized by a 

high variability, due to the co-existence of extensive orchards with few trees per hectare 

and intensive ones having more than 600 trees per hectare. 

Most of these orchards do not enable to reach high and constant yields from 

qualitative and quantitative point of view due to their traditional structure. Indeed, big 

century old trees with irregular layouts and scaled fruit ripening characterize them. This 

determine a low unitary productivity, high production costs and consequently the 
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marginalization of extended areas with low levels of adaptation, conversion and 

mechanization (Sola-Guirado et al., 2014). 

Due to their historical, monumental and landscaping importance, as well as to the 

existing regulation limitations, it is difficult to carry out the conversion of these orchards 

into new intensive ones (Famiani et al., 2014). Therefore, it is hard too to settle efficient 

and economically sustainable mechanized models for most of olive farms present in the 

territory. 

However, it is still possible to obtain good quality olive oil from these olive trees if 

harvesting techniques from the canopy substitute olive harvesting from the ground (Vieri 

& Sarri, 2010; Castro-Garc²a et al., 2012; Deboli et al., 2014; Leone et al., 2015;). In 

fact, this type of olive growing belong to the latest PGI óOil of Calabriaô for which a 

transitory protection regime is currently in vigour at a national level. 

In this context, experimental trials were carried out in a century old olive orchard 

situated in Calabria, where trunk shakers are difficult to use due to trunk diameter, in 

view to assess technical and economic aspects of a commonly used mechanical beater 

(oli-picker, Mipe Viviani s.r.l.) mounted on a tractor for olive harvesting from the 

canopy. 

 

MATERIALS AND METHODS  

 

Experimental trials were carried out on 10 trees of óGrossa di Geraceô cultivar, 

which represents the typical cultivar of the Ionian versant of Reggio Calabria. It is 

featured by a high vigour and an assurgent growth. The trees had the same dimensional 

and morphological features and were planted on a 12 x 12 m layout. Dimensional 

features of olive trees, canopy volume determined according to C.O.I. method 

(International Olive Council, 2007), fruit detachment force (FDF) and total yield per tree 

are reported in Table 1. 

 
Table 1. Parameters of  olive trees (medianÑinterquartile range) 

Trunk 

circumference 

(cm) 

Trunk 

height 

(m) 

Canopy 

diameter 

(m) 

Tree 

height 

(m) 

Branches 

 

(n) 

Canopy 

volume 

(m3) 

FDF 

 

(N) 

Total yield 

per tree 

(kg) 

340 Ñ 45 1.6 Ñ 0.3 11.3 Ñ 1.6 5.0 Ñ 0.4 4 Ñ 1 332.4 Ñ 114 4.5 Ñ 0.8 190 Ñ 60 

 

Harvesting was carried out using the oli-picker Mipe Viviani s.r.l. having 820 kg 

of mass. It consists in a spiked cylindrical comb mounted on a hydraulic articulated arm 

of seven meters long, which can turn around its axle providing the brushing action that 

allow olive detachment (Fig. 1). The oli-picker was mounted in the back of a 40 kW 

agricultural tractor that moved only when the entire production of the tree is harvested. 

Two operators composed the harvesting site. The first one drived the tractor, while the 

second one was responsible of net handling. 

In order to asses harvesting site working productivity referred to the operative time, 

working time of each carried out operation was measured according to CIOSTA 

requirements (Bolli & Scotton, 1987). The operative time includes the effective time 

during which the activity is carried out as well as the accessory time needed for moving 

and excludes the idle time. 
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Furthermore, technical and economic data were recorded. An estimation model 

based on Miyata (1980) was applied in order to calculate the machinery cost per hour 

(e.g., agricultural tractor cost) and the equipment cost (e.g., oli-picker), taking into 

account also the operator-machine labour cost. 

 

 
 

Figure 1. Mipe Viviani Oli-picker Olidb08 during harvesting trials. 

 

Fixed costs (e.g. interest, insurance and depreciation) and variable ones (e.g. fuel 

and oil consumption of tractor, maintenance and labour cost) were considered as 

operating costs. The harvesting costs expressed in terms of cost per hour, cost per unit 

of product (1 kg of olives) and average cost per hectare were determined. 

In order to determine the harvesting cost per 1 kg of olives, the total cost per hour 

was divided by the harvesting yield per hour. Furthermore, the harvesting cost per kg 

was multiplied by the harvesting yield per hectare to calculate the average cost per 

hectare. 

Table 2 reports the operating costs items of harvesting work site considered in the 

economic analysis, according to the following assumptions: 

- work remuneration was evaluated in terms of opportunity cost and was equal to the 

employment of temporary workers for manual (net handling) and mechanical 

operations (Strano et al., 2015), by adopting current hourly wage (including social 

insurance contributions). Particularly, qualified workers were employed for 

mechanical operations, considering a compensation of 9.46 ú h-1, while the salary 

for generic workers was considered equal to 5.31 ú h-1. 






































































































































































































































































































































































































































































































































































