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Abstract— Circular Economy (CE) package accepted by the 

European Union (EU) in December 2015 promotes close-

loop flows of materials. The main targets provided in the 

documents refer to the prevention of waste landfilling, 

efficient use of resources and energy, as well as re-use waste 

and by-products. Sewage sludge—residue from Waste 

Water Treatment Plant (WWTP)—has a great fertilizer 

potential and should be recycled in line with the CE 

strategy. Sewage sludge usage for agricultural purposes 

seems to be the best sustainable option of its disposal. New 
EU regulations related to fertilizers derived from bio-waste 

and by-products assume the uniformity of legislation in 

Member States and simplification of procedures for 

introducing innovative fertilizers into the internal market. 

However, a direct application of sewage sludge to the soil is 

restricted by heavy metals content. Sewage sludge 

commonly includes pathogenic microorganisms and toxic 

compounds. The aim of the study was to determine the state 

of the art and availability of technology for fertilizers 

production based on waste, especially on sewage sludge. As 

sewage sludge from different wastewater treatment plants 
varies in its chemical composition and physical properties, it 

is important to find a local solution to the problem of 

sewage sludge disposal. It has been found that organo-

mineral fertilizers (OMFs) derived from sewage sludge and 

modified by the addition of mineral fertilizers seem to be 

suitable for application to the soil. Adding acids or alkali 

agents provide sterilization and binding of the components. 

Novel OMFs gave a comparable crop yield response as 

conventional fertilizers. They show a slow release of 

nutrients, which is the main advantage in relation to mineral 

fertilizers. 
Keywords: NPK Fertilizer Production, OMFs, Sewage 

Sludge 

I. INTRODUCTION 

Sewage sludge consists of byproducts of wastewater 

treatment. It is a mixture of water, inorganic and organic 

materials removed from wastewater coming from various 

sources (domestic sewage, industries), storm water run- off 

from roads and other paved area, through physical, 
biological, or chemical treatments. Sewage sludge is also 

referred to as bio solids. Various agencies have put forth 

different definitions of Bio solids. Bio solids are nutrients 

rich organic materials resulting from the treatment of 

domestic sewage in a treatment facility. Some regards bio 

solids as stabilized organic solids derived from biological 

wastewater treatment process, which can be managed safely 

to utilize their nutrients on sustainable basis, and used for 

soil conditioning, energy, or other value. The utilization of 

bio solids sewage sludge in agriculture is gaining popularity 

as a source of waste disposal. Bio solids sewage sludge 

generally contain useful compounds of potential 

environmental value. They also contain useful concentration 

of organic matter, nitrogen, phosphorus and potassium and 

to lesser extent, calcium, sulphur and magnesium. The 

availability of phosphorus content in the year of application 

to agricultural lands is above 50% and is independent of 

prior sludge treatment. Nitrogen availability is more 

dependent on sludge treatment. Untreated liquid sludge and 

dewatered treated sludge release nitrogen slowly with 

benefits to crop being realized over a relatively long period. 
An- aerobically digested sludge has high contents of 

ammonia, which is readily available to plants. Thus it is a 

nutrient enriched fertilizer. The global population growth 

will increase a demand for agricultural and food production. 

It leads to a rising dependence on fertilizer inputs. The 

world demand for N, P and K is estimated to increase 

annually by 1.4, 2.2, and 2.6% respectively, in 2014–2018. 

P is known as a non-renewable resource which may be 

exhausted in next 50–130 years, according to Dawson and 

Hilton phosphate reserves will be available for 300–

400 years. It is necessary to minimize the loss of P and 
convert it into a closed cycle. 

On the other hand, urbanization and 

industrialization increase the generation of sewage sludge. 

Due to the risk which sewage sludge poses to human health 

and the environment, it should be properly disposed of. 

More than 11 m tonnes of sewage sludge expected as dried 

solids were generated in the EU27 in 2010 and it is 

estimated that in 2020 the quantity will amount to almost 

13 m tonnes. There are three main methods for sewage 

sludge disposal: soil application, landfilling, and 

incineration. The use of sewage sludge as fertilizer seems to 
be the best practicable option in most circumstances. 

Sewage sludge provides a valuable source of major nutrients 

required for plant growth. Approximately 50% of the solid 

fraction of sewage sludge is organic matter, which has a 

significant effect on physical, chemical, and biological 

properties of the soil in the result of its application. Organic 

matter improves the soil porosity, increases water retention 

and movement. Some components of organic matter play an 

important role in soil aggregation. Addition of organic 

matter to the soil promotes the decomposition of substances 

and establishes microbial equilibrium. On the other hand, 

recycling biosolids to the land presents some challenges, 
among which are a high content of heavy metals that could 

accumulate in plants, organic pollutants and pathogenic 

microorganisms. The direct application of sewage sludge 

makes risk for humans and environment. 

Despite a relatively high nutrients content in 

sewage sludge, the concentration of macronutrients is not 

sufficient to meet crop requirements. In addition, the low 

N:P ratio, which usually occurred in biosolids, leads to a P 

build-up in the soil resulting in phosphorus losses and water 
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eutrophication. A lot of experiments on new fertilizers based 

on waste]have been reported. This type of fertilizers is a key 

to improve soil fertility and partly overcome the problem 
with an increasing amount of waste and by-products. 

Organo-mineral fertilizers (OMFs) derived from biosolids 

can significantly reduce costs of sewage sludge disposal. 

Different technologies are developed for disinfection, 

sterilization and nutrient-enrichment of sewage sludge in 

order to use it for balanced granulated fertilizers.  

II. EXISTING FERTILIZER TRENDS 

It is expected that in the next 40 years the demand for food 
will increase by over 60% as the global population will rise 

to 9.3 billion in 2050. Agricultural and food production are 

among major causes of natural resources depletion. The age 

of cheap feedstock is over. The prices of natural resources 

increased by more than 300% between the years 1998 and 

2011. Resource scarcity leads to increasing input and 

production costs and tightening the market, as demand rises 

faster than production capacities. The efficient and 

sustainable use of natural resources could ensure food 

security. 

Fertile soil is the key to balanced commercial-scale 
production of crops. Very few agricultural soils have a 

sufficient content of nutrients to mitigate the requirements 

of crop yields. Most of them become more dependent on a 

regular application of fertilizers. The total fertilizer 

consumption (N + P2O5 + K2O) in 2013 was estimated at 

183,200,000 tonnes, with a growth of 1.8% per year, it is 

forecast to achieve 200,500,000 tonnes by the end of 

2018,presents a predicted world demand for total fertilizer 

nutrients from 2014 to 2018. 

According to FAOSTAT in the year 2009 China 

was the leader in fertilizer production, accounting for 33% 

of global production. Other counties with significant 
participation in the world fertilizer production were United 

States (10%), India (9%) and the Russian Federation (9%). 

Fertilizer prices are expected to be high. The 

production of commercial fertilizers requires a lot of energy. 

Near 74% of energy used in fertilizer production comes 

from natural gas. Natural gas is also the main input in 

nitrogen fertilizer production. Increasing natural gas prices 

will lead to rising costs of ammonia. On the other hand, the 

transportation costs significantly influence fertilizer prices. 

In 2014 the fertilizer prices index will increase by 15% in 

comparison with the year 2010. 
In pre-industrial agriculture nitrogen was the most 

yield-limiting nutrient. In 1909 Haber–Bosch synthesis of 

ammonia from its elements was developed and this barrier 

was broken. The global output of ammonia synthesis rising 

from 3.7 Mt N in 1950 to about 133 Mt N in 2010. About 

75% of total N is used for fertilizer production .Almost all 

nitrogen fertilizers are produced initially from ammonia. 

About 70% of methane is used for ammonia synthesis, 

which leads to the dependence of nitrogen fertilizer prices 

on natural gas prices. 

The world demand for nitrogen fertilizer increased 

to 113,100,000 tonnes in 2014 in comparison with the year 
2013 (111,400,000 tonnes). The increase in nitrogen 

fertilizers consumption is expected to come from Asia, 

mainly from China, India, Indonesia and Pakistan, Latin 

America (Brazil, Argentina, Colombia and Mexico), Europe 

(Ukraine and the Russian Federation) and from North Africa 
(Egypt and Morocco). 

Recently, almost all phosphate fertilizers have been 

produced from phosphate rocks, which are known as a 

limited resource. Mining phosphate rocks used in fertilizer 

production started from the nineteenth century. Before that 

time agriculture was based on the application of animal 

phosphorus-based fertilizers such as guano, manure, bones. 

Phosphate rocks are ordinarily extracted with the surface 

mining techniques and its world production capacity is 

estimated near 165–195 million tonnes per year. 80% of 

total P2O5 is used for fertilizer production, share of 

detergents is near 5%, animal feeds −7%, food additives 
−2% and special applications, for example lightning and 

metal treatment, −3%. 

Phosphate reserves are far from being uniformly 

distributed across the world. Top 12 countries produce 95% 

of total phosphate rock production. The USA, China, and 

Morocco currently produce two-third of the total phosphate 

ore. Of these major producers, the Moroccan reserves of 

phosphate rocks constitute near 50% of the world total. The 

USA and China hold around 20% of global resources. 

Potassium is found in various mined and 

manufactured salts. Potash recovery requires expensive 
mining techniques, as potassium deposits lay deep under the 

earth’s surface. Global reserves of potassium are expected to 

be high with respect to the current demand. The major 

producer of potash fertilizers is Canada, followed by 

Belarus, the Russian Federation, and China. Potassium 

fertilizer consumption increased to 31,040,000 tonnes in 

2014 and its further annual grow is estimated at 2.6%. 

Since the year 2000 the pressure on prices of the 

major P and N fertilizer has increased, which is connected 

with higher production costs of ammonia and Sulphur. As 

food production is increasing, the agriculture will become 

more dependent on mineral fertilizers. There is a rising 
concern about the availability of nutrients and future 

feedstock scarcity. The depletion of natural resources is 

accompanied by inappropriate application of conventional 

fertilizers polluting the environment. From food security 

perspectives, the global cycle of nutrients should be taken 

into account. It is necessary to correct the quantity and 

quality of fertilizers for soil application, to find alternatives 

for mineral fertilizers by using waste and by-products. This 

could help to make balance between agriculture and 

industry. 

III. SEWAGE SLUDGE CHARACTERIZATION 

Due to the population growth, urbanization and 

industrialization, wastewater production as well as the 

amount of sewage sludge have increased significantly. The 

problem with treatment and disposal of sewage sludge 

remains open due to its quantity. A few decades ago 

municipal sewage sludge was disposed of in seawater or 

used as fertilizer, the alternative ways of its utilization, like 

incineration or landfilling, were also used. After the year 
1998 the disposal of sewage sludge at sea was prohibited in 

order to protect the environment, excluding: Japan, the 
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Philippines and the Republic of Korea. The Sewage Sludge 

Directive 86/278/EEC introduced restrictions on the sewage 

sludge application to the land because of high concentration 
of heavy metals. Next Directive – 99/31/EC – restricted the 

storage of sewage sludge. Alternative methods to landfill 

and land-spreading are incineration and aerobic or anaerobic 

digestion. New trends in sludge management, like 

gasification, pyrolysis, co-combustion and wet oxidation, 

were generated. 

Sewage sludge is insoluble residue produced in the 

wastewater treatment processes and following stabilization 

process, such as aerobic and anaerobic digestion. Usually 

aerobic digestion is more profitable in small wastewater 

treatment plants, while anaerobic one is used in big 

treatment plants. The characteristic of sewage sludge 
depends on the nature of the treated sewage and treatment 

technology. Digested sludge after the process in anaerobic 

conditions shows a high content of nutrients (primarily 

nitrogen and phosphorus), which can be used as a potential 

fertilizer source and soil conditioner.  

Many researchers reported positive effects of using 

sewage sludge in agriculture. The application of sewage 

sludge to soil improves its physicochemical and biological 

properties, which causes better growth of plants. Organic 

matter content in municipal sewage sludge is usually higher 

than 50% of dry matter. The application of organic matter in 
the form of sewage sludge increases soil aggregate 

formation and stability, improves water infiltration, and 

increases soil total porosity. The addition of sewage sludge 

can increase microbial activities, their population, and 

biomass production. 

Sewage sludge is a valuable source of nitrogen and 

phosphorus. Nitrogen is a component of all proteins and 

nucleic acids, it is an essential element for plants. The 

content of total nitrogen in sewage sludge is near 40–

50 kg/t, but only a small part of nitrogen is immediately 

available for plants, Because of mineralization of sewage 

sludge, nitrogen is transformed into an available form. 
Phosphorus is an essential element, which is required for 

many metabolic reactions in plants and animals. The 

addition of sewage sludge to an agricultural soil increases 

the content of phosphorus from 2–4 mg/kg to 114 mg/kg 

and the accumulation of phosphorus is still significant in 

deeper layers of amendment soil. 

However, the application of sewage sludge to soil 

is strictly limited by the presence of heavy metals, toxic 

compounds, and microbial pathogens. Heavy metals get into 

sewerage systems generally from industry, mainly from 

electroplating, chemical industry (manufacturing of organic 
and inorganic compounds, pharmaceutical industries, dyes 

and pigment manufacturing), metal processing industries, as 

well as from runoff and corrosion from sewerage systems. 

Three approaches to decreasing heavy metals content in 

sewage sludge have been known. The first one is to control 

individual sources of heavy metals discharges, the second 

one is connected with controlling diffuse sources (using 

lead-free gasoline, copper-free tap water transport systems) 

and the third one is the removal of heavy metals from 

sewage sludge. The process of heavy metals removal from 

sewage sludge consists of four steps: solubilization of heavy 
metals by changing the pH and oxidation–reduction 

potential, separating the liquid including mobilized metals, 

chemical precipitation of heavy metals, and removal from 

leachate. 
The accumulation of heavy metals in the soil may 

have phytotoxic effects on cereals, vegetables, fruits, and 

fodder crops. Consumption of these commodities by animals 

and humans can cause health hazards. The concentration of 

heavy metals in sewage sludge depends on the sewage 

origin, sewage treatment process and sewage sludge 

treatment process. The most important factor controlling the 

mobility of metal compounds in the soil is the pH. The soil 

pH influences the precipitation and dissolution of mineral-

organic complexes and insoluble hydroxides. Zn uptake is 

greater in the acidic soil than in the alkaline one. The 

bioavailability of Cu is higher in alkaline soil. Organic 
matter of sewage sludge is a good adsorptive medium for 

trace metals in the soil. Soluble organic matter from sewage 

sludge has two groups of exchange sites: the first one, 

binding Ca, Mg, Zn, Ni, Co, Mn, Cd, and Fe, and the second 

one, binding Cu, Pb, and H. 

Metal content in the soil treated with sewage 

sludge increases. The ratio of Cd content increase is higher 

than those for Pb, Cu and Zn. Wang and co-worker 

indicated that the addition of 40 t of sewage sludge per ha in 

rice production resulted in the build-up of about 4, 5, 2, and 

11 times more of Cd, Cr, Ni and Pb, respectively, in 
comparison with non-treated soil. Pb might be the most 

absorbed element. Most heavy metals have a good mobility 

in the soil and are accumulated in roots of plants. 

According to Rulkens, sewage sludge can be used 

as a resource for energy production by chemical/thermal and 

biological processes. A complex oxidation of organic and 

toxic compounds will be achieved as a result of 

chemical/thermal processes. Heavy metals are immobilized 

in the ash and can be used for the production of building 

materials. 

IV. WASTE-BASED FERTILIZERS 

The production of commercial fertilizers requires a large 

amount of phosphorus, which is a limited resource, or a lot 

of energy in case of nitric fertilizers, whereas nitrogen is an 

available resource. The literature abounds with research 

about organic and organo-mineral fertilizers added to a crop 

for improving agronomic performance. According to 

scientists, the application of organic matter to the soil 

improves its physical, chemical, and biological properties by 
reducing mineral sorption of phosphorus, decreasing P 

transformation in bioavailable forms, decreasing bulk 

density, and increasing total porosity. 

Organo-mineral fertilizer can be defined as “a 

fertilizer obtained by blending, chemical reaction, 

granulation or dissolution in water of inorganic fertilizers 

having a declarable content of one or more primary nutrients 

with organic fertilizers or soil improver”. Therefore, 

fertilizers can be produced from different organic and 

inorganic sources. Akanni] reported that the organo-mineral 

fertilizer composed of municipal waste, poultry and cow 

manure combined with urea and superphosphate increased 
the soil organic matter, N, P, K, Ca, and Mg content in the 

soil under maize, pepper and amaranthus. The crops treated 
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by organo-mineral fertilizer gave the highest values of leaf 

area, cob weight and grain yield. The same results were 

received by Audu.who investigated organo-mineral fertilizer 
formulated with an N:P:K (ratio 9:3:3) using urea, rock 

phosphate, wood ash, neem seed, blood meal, cotton seed 

cake, manure, and poultry droppings. Using such a fertilizer 

for rice cultivation had a significant effect on all the growth 

parameters. Studies carried out by Ayeni confirmed that 

organo-mineral fertilizer improves the soil fertility. 

According to his experiment the addition of a small amount 

of NPK (15:15:15) fertilizer to organo-mineral fertilizer can 

enhance earlier mineralization of nutrients. 

Bello found that composting rock phosphates with 

agricultural waste increases solubility of phosphates 

dependent on the kind of organic matter and the rate of 
decomposition. The organic ligands, which are present in 

organic matter, compete with phosphorus at the same 

adsorption sites in soil. It increases the phosphorus release 

rate from the soil. In this work diammonium phosphate and 

Sokoto rock phosphate were combined together with 

different organic sources (palm kernel deoiled cake, sheanut 

deoiled cake and refuse of palm ground bunch) and applied 

into the soil; as a result the best performance in all the 

growth parameters and nutritional content of oil palm were 

achieved. 

The treatment of soil with mineral fertilizers to 
increase yield might be effective as a short-term solution. 

One of the most important features of using organo-mineral 

fertilizers is the “slow release” effect. Paul reported that 

compost nitrogen was evenly available in each of the three 

following years during fertilizer treatment. In addition, the 

release rate of nutrients can be controlled by the diameter of 

pellets . Tejada compared results of soil treatment with 

inorganic fertilizers and organic matter as two separate 

products and organo-mineral fertilizers. He found out that 

for inorganic fertilizers there were 16.1% more nitrogen 

losses than for inorganic and organic together. This 

corresponds to the losses of other macro- and 
micronutrients. 

In Brazil organo-mineral bio-fertilizer (BIOFOM) 

was produced using waste from sugar and alcohol industry. 

The production process of solid granulated organo-mineral 

fertilizer included mixing the filter cake, boiler ashes and 

soot, modified vinasse with a mineral source of N, P, and K. 

The standard method for comparing fertilizers were used to 

evaluate agronomic potential of biofertilizer. The study was 

conducted in greenhouse in randomized blocks, using 

sugarcane, as plant test. Experiment consisted of 25 trials 

with different fertilizers including control (without fertilizer) 
and four replications. After 50 days plant samples were 

taken and analyzed in respect to foliar area, shoot and root 

dry mass and content of macro- and micronutrients in plant 

shoot. The study showed the efficiency and economic 

attractiveness of BIOFOM. It was founded that the 

fertilization by BIOFOM resulted in increasing the dry 

matter yield four times. The N, P, and K content in an aerial 

part of the tested plants increased more than 6, 9, and 12 

times, respectively, in comparison with the control sample. 

Organo-mineral fertilizers promoted increasing crop yields, 

improved physicochemical properties of the soil, cation 
exchange capacity and porosity. The BIOFOM treatment 

caused a greater accumulation of phosphorus in plant shoot 

than in the control sample. In addition, a part of phosphorus 

in BIOFOM was not available for 45 days after use. It 
confirms that organo-mineral fertilizers have a slow release 

of nutrients. 

There is a lack of information about physical 

properties of organo-mineral fertilizers. However, 

understanding the dependence between physical properties 

of organo-mineral fertilizers and N, P, and K content, 

organic matter type and manufacturing process allows to 

predict its behavior while transporting, storage, and 

handling. Physical properties can also be used to control the 

timing and rate of granule dissolution and, consequently, 

nutrient diffusion. 

Organic matter content has the most significant 
effect on physical parameters of organo-mineral fertilizers. 

With an increasing content of organic matter total porosity 

and tensile strength are also increasing, whereas such 

parameters as bulk density, granule density and the angle of 

repose decrease with an increasing organic matter content in 

fertilizers. The tensile strength depends on granule density 

and free water content. 

A. Fertilizers with Sewage Sludge 

Numerous technologies of fertilizer production from sewage 

sludge have been developed. An important feature in 

fertilizer production from such waste is disinfection of 

sewage sludge, which usually occurs by adding alkali 

compounds (lime, kiln dust, potassium hydroxide, sodium 

hydroxide) or acids (sulphuric acid, phosphoric acid or its 

mixture). Furthermore, the addition of these agents increases 

the nutrient content in a fertilizer product. Often the need for 

adding inorganic fertilizers or their precursors exists when 
balanced biosolids-derived fertilizers are produced. 

Simpler technologies are based on mixing sewage 

sludge, usually characterized by water content not less than 

70%, with some by-products like gypsum, which is widely-

used as corrective substance, cement kiln dust, lime kiln 

dust, hydrated lime, fly ash from coal-fired boilers, coal 

waste. When sewage sludge is converted to fertilizers, it 

usually has to lower the nutrient content. To optimize the 

N:P:K ratio potash, phosphates and liquid ammonia could be 

added. 

Patent EP 2,653,describes the technology of 
organo-mineral fertilizer production from post-fermentation 

waste in a suspension form. Waste from biogas plants, 

containing 5–40% of dry weight, was mixed with lime in a 

water jacket pressure reactor (2.0 MPa). Such conditions 

allowed for rapid hydrolysis and denaturation of proteins 

and cellular structures. Then grinded magnesium carbonate 

and concentrated phosphoric acid were added. The mixing 

was conducted within 30 min, the temperature exceeded 

150 °C. 

The usage of sewage sludge is connected with a 

high content of heavy metals which restrict its application to 

the soil without treatment. In patent PL 169,896basaltic 
detritus has been used for heavy metals transformation in 

slightly soluble compounds. Basaltic detritus acts like a 

natural sorbent and ionic exchanger with strong affinity for 

metal ions and its hydroxides. Post-fermentation waste (18% 

dry weight content) was mixed with cement dust from 
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electrostatic precipitator which consisted of 34% of CaO, 

partially calcined dolomite and basaltic detritus. Partially 

calcined dolomite comprised CaCO3 and MgO; the former 
acts as a soil pH stabilizer after applying such fertilizer to 

cropland. 

Generally fertilizers are produced in granular or 

pelleted forms. It makes them easy to spread, transport and 

store. In fertilizer production from biosolids it is important 

to maintain nutrients in organic matrix. A method of 

preparing homogeneous biosolids-derived fertilizers is 

described in patent US 2014/0223979. The production 

process consisted of a few steps: premixing wet sewage 

sludge cake with macro- and micronutrients in mixer I, 

which could be a pug mill or plow mixer, mixing 

homogeneous mixture with recycled dried granules or 
pellets of a fertilizer product in mixer II, granulating or 

pelleting and drying in a rotary drum or heated screw drying 

system. The water content in sewage sludge cake is 

sufficient to incorporate nutrients into the homogeneous 

mixture. Macronutrients could be chosen from a group of 

urea, ammonium nitrate, ammonium sulphate, diammonium 

phosphate, monoammonium phosphate, potassium chloride, 

potassium sulphate, potassium nitrate, etc. 

In the United States of America the method of 

treating waste and converting it into valuable fertilizers—

Alkaline Ammonia Pulse (AAP) process—was developed. 
The AAP process is based on mixing sewage sludge to form 

thixotropic material, deodorizing, addition of alkali agents, 

ammonification, acidification, and granulation of the 

obtained product. 

The first step can be conducted in plow blender 

dual-shafted pug mill or another vigorous mixer. In order to 

deodorize the mixture, chlorine dioxide, potassium or 

calcium ferrate could be used. Ferrate is a very strong 

oxidant, which not only oxidizes organic odors and amins, 

but also decomposes proteins and other organic molecules. 

Lime kiln dust, as an alkali agent, was added to the reactor, 

which resulted in the pH rising to 12 and higher. The next 
step was adding 9% aqueous ammonia to the mixture for 

disinfection and increasing nitrogen concentration. Such a 

pH value and ammonia presence cause chemical stress for 

microorganisms, which makes them more sensitive to 

subsequent acidification. Acidification took place in the 

second mixer, wherein waste phosphoric acid (65% P2O5) 

was added to the mixture. This process reduced the pH value 

below 7 and caused the formation of ammonium phosphates. 

Optionally, in this step different inorganic fertilizers (urea, 

potash, ammonium nitrate, ammonium sulphate, etc.) could 

be added in order to increase the nutrient value of a final 
product. Further, granulating agents like industrial molasses 

and proprietary binding agents were added to facilitate 

converting the mixture into spherical granules (2.0–

3.5 mm). The final step in the AAP process was fertilizer 

drying and sieving. It is possible to obtain organo-mineral 

fertilizer with, composition10:10:10:0:1:20 (N:P:K:S:Fe: 

Organic matter). 

A similar technology is described in patent US 

7,713,416, which is characterized by converting liquid 

sludge to granular fertilizer with high nutrient content. 

Disinfection of sludge was conducted by heating at a 
temperature 70 °C. Next, the sludge was fed to a static mixer 

and phosphoric acid was added. As a result, the pH value 

decreased to less than 2.0, which caused the destruction of 

pathogens. The mixture was transferred to the agitated tank 
and mixed within 30 min. For neutralization lime slurry 

consisting of magnesium hydroxide was fed to the second 

agitated tank. Due to the reaction between phosphoric acid 

and lime slurry, tricalcium phosphates (85%) and dicalcium 

phosphates (15%) were obtained. The technique includes a 

filtration step, which allows to reduce 50% of the water 

content. After crumbling, the sludge cake was fed to pug 

mill, where a reaction with sulphuric acid took place. Water 

content of the mixture was reduced to 90% as a result of an 

exothermic reaction. The product was granulated with 

recycled fines, pre-neutralized phosphoric acid, anhydrous 

ammonia and potassium salts. The obtained fertilizer was 
dried and classified. 

A pipe-cross reactor, which was widely used in the 

past for NPK fertilizer production, could be used for treating 

waste and converting it to granular fertilizer. First, sewage 

sludge should be mixed with water to form slurry suitable 

for pumping. Next, the slurry was transferred to the pipe-

cross reactor, wherein ammonia, sulphuric and phosphoric 

acids were added. Due to the neutralization process, the 

temperature reached 149 °C, which caused sterilization and 

deodorization of the mixture. Granulating system was 

provided with an ammonia sparger allowing a complete 
reaction between the acid and the base. Melt was sprayed 

onto fine recycled particles in the granulator, the obtained 

granules were fed into the rotary dryer and then they were 

screened into fines, product, and oversize material. The fines 

and oversize material were recycled in the process. Potash 

could be added to the granulator during the melting process. 

The composition of fertilizer, obtained by the presented 

method, had an NPK composition 12:3:6. 

In the United Kingdom new biosolids-derived 

organo-mineral fertilizers for an application in grassland and 

arable crops were developed. Such a product can overcome 

a problem of nutrients cycling between urban and 
agricultural ecosystems. OMFs were produced in two 

formulations of an N:P:K ratio: 15:4:4 (OMF15) and 10:4:4 

(OMF10). Biosolids were used as a core of the OMF, as a 

slow-release nutrients source. The addition of urea and 

potash was applied to raise the concentration of N and K, as 

the content of nutrients in biosolids is not sufficient to meet 

the requirements of crops. Urea was chosen as a less 

expensive source of N compared with ammonium nitrate, 

and due to a lower explosive risk during mixing with dried 

sewage sludge. P was not added to new OMFs, which 

allowed to decrease the N:P ratio in biosolids and the 
general imbalance of nutrients, which in turn could lead to 

the build-up of P in the soil. 

At first, granules were dried to achieve 95% of dry 

solids content and then sieved. Bio-solids of between 3 and 

6 mm in diameter were sprayed with urea (46% N) in the 

presence of steam (95–100 °C) to form the coating. The 

spraying process was carried out in a rotary drum mixer, 

where ground potash (60% K2O) was added at the same 

time. Air drying followed the spraying of urea in order to 

dry the coatings.  

Heavy metals contents of biosolids-derived OMFs 
were lower than the recommended values. The OMFs had a 
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low concentration of soluble P, which corresponds with 

phosphorus forms present in biosolids and OMFs not 

available for plant uptake. Field studies by Antille 
confirmed that the majority of P in OMFs is not readily 

available. This follows from phosphorus removal techniques 

used in the wastewater treatment process. Salts of Fe are 

usually used for the precipitation of P, as a result Fe-

phosphates unavailable for plant are formed. This was also 

confirmed in the research of O’Connor. 

Sewage sludge, which underwent the biological P 

removal, showed a lower P phytoavailability than biosolids 

after a conventional treatment process. The P uptake was 

about 25% lower in relation to the triple superphosphate. 

However, Hogan highlighted that Fe-phosphates can react 

with soil preferentially forming Fe-hydroxides, which 
results in P release in plant available forms. 

Crop yields depend on the nitrogen uptake, which 

is influenced by readily available N. During field studies it 

was found that the largest increase of soil mineral nitrogen 

was reached after the first 30 days of the OMFs treatment. It 

was probably connected with a rapid release of NH4 +-N 

present in the coated granules. The fact that soil mineral 

nitrogen in OMF-treated plots achieved approximately the 

same value as in urea-treated plots after 90 days after 

application confirms a slow nitrogen release from biosolids. 

A soil analysis conducted 120 days after the OMFs 
treatment showed the decrease of soil organic nitrogen; this 

can be attributed to the N-immobilization and gaseous 

losses, which are the result of denitrification process. The 

losses of nitrogen resulting from the volatilization of 

ammonia can occur within a surface application of 

fertilizers. A correlation between nitrogen uptake and 

nitrogen rate was observed. Meteorological factors and a 

type of soil also have a significant influence on nitrogen 

uptake. A high content of organic matter in the soil 

promotes a larger amount of soil mineral nitrogen. It is 

important to understand the availability of nutrients in the 

soil treated with organic materials, which is necessary in 
terms of return applied nutrients and environmental 

protection. 

The application of bio-solids and OMFs increases 

soil organic matter, which leads to an increase of microbial 

biomass. The large C content in bio-solids and OMFs 

improves the provision of substrates needed for proliferation 

of microorganisms. It could promote a greater 

immobilization degree of nutrients in the soil microbial 

community. 

Soil treatment with OMFs derived from sewage 

sludge gives a crop yield response comparable to that of 
conventional fertilizers like urea and ammonia nitrate. 

Deeks used OMFs derived from sewage sludge for 

improving performances of cereal, oilseed rape and bean 

within 3 years. The technology of OMFs production was 

similar to the technology in Antille’s studies. Digested dried 

sewage sludge granules (3–6 mm in diameter) were sprayed 

by melted urea in a rotary drum mixer. Muriate of potash as 

a source of potassium was added separately directly to the 

soil together with OMFs. 

As a result of field studies, the nutrients release 

characteristics and fertilizer formulation indicate a potential 
for further application of OMF products to the soil. An 

advantage of OMF is that mineral components are protected 

by binding and adsorption of organic components. The 

coating of OMF granules with urea provides a quick release 
of NH4 +-N to the soil. Nutrients release from the biosolids 

core occurs later, as the organic-N fraction is very stable and 

needs more time to become available. This ensures longer 

efficiency of organic-based fertilizer in relation to mineral 

fertilizers which work only for a short time. 

It should be highlighted that both treated post-

fermentation sewage sludge and untreated sludge can be 

used for organo-mineral fertilizers. Sterilization and 

disinfection of untreated sewage sludge occurred after the 

addition of ammonia or other alkali agents (CaO, Ca(OH)2, 

KOH, NaOH, cement kiln dust) and/or acids. A sudden 

increase or decrease in the pH causes stress in 
microorganisms and results in their reduction. Nevertheless, 

such technologies include more steps, which leads to an 

increase of operating costs, and are complicated from a 

technical point of view. During technological processes 

chemical reactions taking place result in the formation of 

mono- and dihydrogen phosphates of calcium or dicalcium 

phosphates. Mineral fertilizers, which were added to sewage 

sludge cake and resulted in homogeneous fertilizers, will 

provide ready-available nutrients for plants during 

application in the first period and nutrients from sewage 

sludge will be available during the next periods after 
decomposition of organic matter. Such slow-release 

fertilizers are more efficient than conventional straight 

fertilizers and can reduce nutrient losses to the environment. 

An interesting solution for slow-release fertilizers is coating 

biosolids with urea but during a technological process the 

losses of nitrogen occurred. In most technologies organo-

mineral fertilizers are produced in a granulated or pelleted 

form, which is beneficial for spreading. An overview of 

existing technologies showed that sewage sludge should be 

treated as secondary raw materials and can be successfully 

used for organo-mineral fertilizer production. It is an 

optimal solution for sewage sludge disposal especially for 
small wastewater treatment plants. However, each 

wastewater treatment plant should be approached 

individually, as sewage sludge from different WWTPs will 

be characterized by different properties. The heavy metals 

content is an important issue in applying sewage sludge for 

fertilizer production and a proper proportion of sewage 

sludge and other components should be selected to achieve 

balanced fertilizers fulfilling appropriate requirements.  

V. CONCLUSIONS 

After studying the sewage sludge is use as fertilized it can 

be concluded that sewage sludge is very important 

biological organic fertilizer soil conditioner for sustainable 

agriculture. It improves organic matter status of the soil. It 

also adds macro and micronutrients to the soil. Improvement 

in organic matter content in soil helps in improving soil 

physical conditions, rejuvenating soil health and stimulating 

biological activity.  

Regarding the danger of toxic accumulation of 

heavy metals in soil it is well documented that the heavy 
metals and micronutrients are rendered unavailable due to 

precipitation in calcareous alkaline soils. Also these metals 
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can be immobilized due to organic materials in the sewage 

sludge through formation of stable complexes. In other 

words, organic matter in sewage sludge reduces the negative 
environmental effects of heavy metals and other pollutants 

by binding contaminants. Higher level of soil organic matter 

can sequester carbon and mitigate 

Organo-mineral fertilizers can be produced by 

mixing sewage sludge with additives in pug mill, plow 

mixer or other vigorous mixers and also by coating the 

granulated sewage sludge with melted urea. As a result 

gradual-release NPK organo-mineral fertilizers are obtained. 

Physical characteristics of a product allow for using 

standard equipment for application to the soil. 

OMFs give similar crop yield responses to 

conventional fertilizers. OMFs application to the soil 
increases soil organic matter and soil mineral nitrogen, yet it 

does not influence significantly heavy metals contents in the 

soil. 

Biosolids used for fertilizer production can reduce 

the costs of sewage sludge disposal and reliance on mineral 

fertilizers. It is a step towards a Circular Economy policy 

focused on environmentally-friendly and resource-efficient 

society by re-using and recycling materials and making a 

closed-loop system. 
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