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Abstract 

Nutrients recovery from wastewater treatment has become a focus of research, since it allows 

minimizing negative environmental impacts associated with obtaining and eliminating nutrients such 

as nitrogen and phosphorus. Likewise, it is an alternative to obtain a product with a potential for use in 

different industrial and agro-industrial sectors. This paper presents the analysis of alternatives for the 

use of a struvite-rich sludge obtained from municipal wastewater treatment in Valle del Cauca. The 

results of our research showed that it’s possible to use, the recovered nutrients as an organ mineral 

fertilizer for crops such as sugarcane, coffee, banana, technified and traditional corn, citrus, mechanized 

rice, chontaduro, forest plantations, crops of ornamental plants, and as raw material for Valle del Cauca 

industries related to the formulation, manufacture and distribution of fertilizers.   

Keywords: Nutrients recovery, Colombia wastewater treatment, nitrogen removal, struvite, 

phosphorus removal 

1. Introduction  

Another great challenge of sustainable development goals is to guarantee the sustainable management 

and availability of water in quality and quantity to supply vital functions both in normal and crisis times 

such as the one that humanity is currently experiencing with the COVID-19. This implies that water 

resources must be protected and safeguarded from negative impacts derived from anthropic activities.  

In Colombia, wastewater treatment is an issue that is still under development. According to 

Superintendency of Domestic Public Services (SSPD, 2013), about 26% of the country's municipalities 

have some wastewater treatment system and the rest are discharged directly on water resources and soil.  

 

295



27nd International Sustainable Development Research Society Conference, Mid Sweden University, 13 – 15 July 2021 

 

On the other hand, the existence of wastewater treatment systems does not always guarantee the 

elimination of the pollutants, since it is necessary not only to guarantee the restoration of the affected 

ecosystems, but also the improvement of existing systems. 

 

Different investigations coincide that wastewater has a high potential for use, because highly usable 

resources such as water, solids and energy are derived from it (Reardon et al., 2013; van Loosdrecht et 

al., 2014; Hao et al., 2015).  

 

In recent years, technologies have been developed to carry out not only the elimination of 

pollutants present in wastewater, but also their valuation through resources recovery. Even 

today, in times of pandemic where clean water is required available for hygiene activities, this 

continues to be a prevailing need if the availability of water is to be guaranteed in the medium 

and long term. 

 

One of the available technologies for nutrient recovery is chemical precipitation processes, which 

represent one of the most viable options for integration with existing treatment systems as well as those 

under design and construction. For this reason, it is currently relevant to evaluate strategies to 

incorporate these processes as an integral part of wastewater management. 

 

The recovery of nutrients in the form of struvite and hydroxyapatite has a high potential for use, since 

these compounds can be incorporated as a source of nitrogen and phosphorus in industrial and 

agricultural activities. These practices are promising ways to promote sustainable solutions for 

wastewater treatment, protect water resources and mitigate the impacts derived from the exploitation of 

natural resources.   

 

Nevertheless, their incorporation in wastewater treatment systems at the national and local levels is 

incipient and there is still a technical, social, economic and political gap that needs to be reduced, 

in such a way that the products and resources obtained from wastewater management are used 

and incorporated into the production chains. 

 

In this paper, we present an analysis the recovery of nutrients from wastewater, with an application 

perspective in the department of Valle del Cauca, which represents one of the main departments of 

Colombia where can be potentiated the use of nutrients recovered from wastewater treatment. This 

transformative route is expected to reduce the impact of the incorporation of chemical fertilizers in the 

agro-industry, and water pollution due to discharge of wastewater with a high content of nutrients. 
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2. Methods 

2.1. Nutrients recovery from wastewater treatment 

This research was developed at the Universidad Autónoma de Occidente using as a referent the 

wastewater treatment plant of the campus (UAO-WWTP), located in the Municipality of Santiago de 

Cali, Valle del Cauca- Colombia – South America.  

The UAO-WWTP is composed of preliminary treatment units, an activated sludge reactor in the 

extended aeration mode, a secondary sedimentation tank, and a complementary stage of rapid filtration 

and disinfection with chlorine and ultraviolet light.  

The sludge rich in struvite was obtained by precipitation process using PB-900 Phipps and Bird 

programmable mixer, containing six jars with a volume of  700 mL each.   

For a typical precipitation run, a sample of wastewater from the UAO_WWTP was obtained; the sample 

was homogenized and charged in several testing jars.  Then a calculated amount of MgCl2 solution was 

added. After 2 minutes of high stirring at 300 rpm, a small amount of 0,1 M NaOH was added to 

each  jar to adjust the pH, and a downward stirring velocity gradient was allowed according to the 

conditions indicated in the reaction step showed in Table 1.  Finally, 10 minutes were provided for 

sedimentation to separate the solids obtained.  

Table 1. Operational conditions for precipitation tests.   

Operational aspect step Experimental conditions 

 Reagent dosage 
High stirring  velocity: 300 RPM 

Stirring time: 2 minutes 

Reaction  

Stir stage 1: Adjustment of reaction pH.  

Stirring velocity: 40 RPM and stirring time 14 minutes. 

Stir  stage 2: Stirring velocity 30 RPM and stirring time 7 minutes. 

Sitr  state 3: Stirring velocity 20 RPM and stirring time 7 minutes. 

Separation  
10 minutes for separation of liquid and solid phase  

through a simple sedimentation process. 

Source: Vásquez and Gandini (2019)  

The sludge obtained was dried at room temperature and its characteristics were analyzed by X-ray 

diffraction (XRD), scanning electron microscopy (SEM) and EDS elemental analysis, in order to 

compare its characteristics with that of struvite and other fertilizers used in agro-industry. 

  

297



27nd International Sustainable Development Research Society Conference, Mid Sweden University, 13 – 15 July 2021 

 

 

2.2. Analysis of the uses and applications of struvite-rich sludge obtained from chemical 

precipitation and crystallization processes of municipal wastewater 

To analyze the uses and applications of the sludge produced from the nutrient recovery processes 

incorporated for the treatment of wastewater generated at the campus of the Universidad Autónoma de 

Occidente del Valle del Cauca, a bibliometric network was generated through VOSviewer® software 

and the Scopus® database, using the keyword struvite application. In this way, we obtain a general 

mapping of research activities related to the applications and uses of struvite in several industrial and 

agro-industrial processes.  

2.3. Analysis of the applicability of struvite-rich sludge in industrial and agro-industrial activities 

in the Valle del Cauca 

Based on the physicochemical and structural characteristics of the recovered sludge, and its 

applicability and uses presented in the bibliometric network, the activities for potential use and 

application in the Valle del Cauca were determined, focusing on: 

 Uses related to the main crops in the Valle del Cauca. 

 Uses related to forestry plantations and ornamental plant crops. 

 Uses related to fertilizer production, formulation and distribution activities in the Valle del 

Cauca.   

3. Results and Discussion 

3.1. Characteristics of sludge obtained in nutrient recovery processes  

The sludge obtained in the process was analyzed and compared with commercial struvite and other 

products used in the agricultural sector. Figure 1 shows the spectra and images for XRD and SEM - 

EDS for the sludge. 

 

In relation to the structure and elemental composition, the analyzed sludge showed that in addition to 

Mg, N and P associated with struvite, it is possible to find in the sludge elements such as C, O, Cl, Na, 

K, Mg, Si, Fe and Al. These elements indicate the presence of other precipitates such as phosphates, 

calcium carbonates, and salts of magnesium, iron, aluminum and trace elements, which vary according 

to the characteristics of the wastewater. 

In terms of the structures formed, SEM images showed the presence of crystalline structures typical of 

struvite, but also the presence of amorphous structures associated with hydroxyapatite and other 

phosphates that can form in combination with struvite in nutrient recovery processes. 
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Figure 1. Spectra and images for XRD and SEM – EDS for obtained sludge. X-ray diffraction 

spectrum for  RW. pH= 9,32 Units, Mg2+= 131,7 mg/L. Run 9B (J1A190319)   

According to the content of organic matter and complementary elements observed in the sludge 

obtained, and in accordance with its comparison with the characteristics of commercial struvite and 

other inorganic fertilizers cited in the EU Fertilizer Regulation, these sludges can be classified as an 

inorganic fertilizer or as an organic or organo-mineral soil fertilizer (ESPP, 2015). 

3.1. Analysis of the uses and applications of struvite-rich sludge produced by chemical 

precipitation and crystallization processes of municipal wastewater 

Figure 2 presents the bibliometric network obtained for the main uses of struvite. As can be seen, 

struvite is mainly related as a source of phosphorus (larger circles), followed by applications as a source 

of magnesium, phosphate fertilizers, nitrogen fertilizers, low solubility fertilizers, in agriculture, 

agronomy and in crops such as corn. 
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Figure 2. Bibliometric network for the main uses of struvite. 

 

Struvite, according to its composition, is presented as an alternative fertilizer, since it is established as 

a source of essential nutrients such as P, N and Mg.  

Likewise, it has characteristics that are key for its application as a fertilizer, since it has a low solubility, 

which gives it slow P release characteristics. This factor is an important requirement for new generations 

of agrochemicals, since nutrient losses through runoff or leaching are reduced, and therefore, the risk 

of causing problems such as eutrophication in surface and groundwater sources around crops and 

application sites is reduced.  

In addition, the low solubility is established as a greater utilization by the plant, increasing the efficiency 

of P use (Flores et al., 2018).  

The application of struvite is appropriate in lawns, tree plantations, ornamentals, vegetables and flower 

beds, as well as pastures and forests where fertilizers are applied once every several years. Nevertheless; 

the agronomic value of struvite has not been fully examined (Szymanska et al., 2019).  

The presence of magnesium in struvite makes it an attractive alternative for crops such as sugar beet, 

which requires Mg (de-Bashan and Bashan, 2004). In addition, laboratory and pilot scale research has 

evaluated the effectiveness of struvite as a multi-nutrient fertilizer, which performs similarly to typical 

commercial fertilizers, in crops such as wheat, soybean, sunflower, pea, cowpea, corn and pasture on 

silt loam and sandy loam soils.  
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In other crops such as canola, spring wheat, winter wheat, peas, alfalfa, lentils, soybeans, corn, potatoes, 

sugar beets, ornamentals and turf, positive performance has been established with the application of 

Crystal Green commercial struvite, obtained through Ostara's technology (Ostara, 2017). 

In terms of struvite-rich sludge obtained from wastewater treatment and its effectiveness on crops, in 

studies conducted by Kataki and Baruah (2018) found that no significant difference is presented 

between the use of conventional phosphorus fertilizers and struvite obtained from urine treatment, 

municipal wastewater, corn fiber processing wastewater, dairy industry wastewater, synthetic 

wastewater, swine industry wastewater, leachate, anaerobic sludge, and different types of manure.   

Some of the crops studied were,  Lentils, Chinese flowering cabbage (Brassica parachinensis), Water 

bindweed (Ipomea aquatica, I. reptans), Water spinach (Ipomoea aquatica), Corn (Zea mays L.), Wheat 

(Triticum aestivum L.), Perennial ryegrass (English Ryegrass), Canola (Brassica napus), Garden cress 

(Lepidium sativum), Winter barley, Lettuce (Lactuca sativa L), Garden rocket (Eruca sativa), Dill 

(Anethum graveolens), Fennel (Foeniculum vulgare), Parsley (Petroselinum crispum) and tomato 

(Solanum lycopersicum), among others.  

In addition to its use as a fertilizer and raw material for the manufacture of fertilizers, there are also 

reports of its use as a filler material for fire-resistant panels and as a component in cement. It is also 

used in the production of detergents, cosmetics, animal feed and in materials that use phosphates; 

however, its application in these activities is limited because it is not commercially profitable and its 

implementation as a raw or complementary material in these activities would require the development 

of more economical production methods compared to the current ones (Pastor, 2008).  

In industrial processes for the production of detergents, food and cosmetics, phosphate rock is used, 

which is subjected to an industrial process of high temperature and energy for its purification, which is 

a limitation if phosphate rock is to be replaced by struvite-rich sludge, since struvite is an unstable 

mineral at temperatures above 50 ºC, but it also represents an opportunity to develop new research on 

struvite purification and to obtain phosphates with a high purity from wastewater treatment.  

On the other hand, the increasing costs of acquiring high quality phosphates, as a result of the gradual 

depletion of phosphorus reserves in soils, also generates significant pressure on the industry, which 

reinforces the need for purification of struvite-rich sludge and the establishment of economical and 

environmentally viable nutrient recovery processes that provide alternative sources of nutrients; but 

while this is happening, one of the most promising alternatives for the application of struvite-rich sludge 

is its use as a slow-release fertilizer (de Bashan and Basahn, 2004). 
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3.2. Analysis of the applicability of struvite-rich sludge in industrial and agroindustrial activities 

in the Valle del Cauca 

In 2016, the agricultural sector in Valle del Cauca had 373 680 hectares planted. Of the total area 

planted, 36 723 hectares corresponded to transitory crops and vegetables, 334 881 hectares to permanent 

crops and fruit trees, and 2 076 hectares to annual crops.  

The crops with the largest planted area were sugarcane and coffee, with a combined share of 71,48% 

of the total planted area (Secretaría de Ambiente, Agricultura y Pesca, 2018).  

Among transitory crops, corn and rice were the crops with the largest planted area. For annual crops, 

cassava and onion, were the crops with the largest planted area, and for permanent crops were sugarcane 

and coffee (Secretaría de Ambiente, Agricultura y Pesca, 2018).  

Table 2 presents the main crops in Valle del Cauca, with their percentage of participation for 2016. 

Tabla 2. Main crops in Valle del Cauca for the year 2016.. 

Crop Spread area (ha) Participation (%) 

Sugar cane 187 337 52,2 

Coffee 62 955 17,6 

Banana 29 879 8,3 

Technified corn 17 094 4,8 

Banana 7 206 2,0 

Sugar cane for Panela 6 927 1,9 

Citrus 6 281 1,8 

Mechanized rice 4 155 1,2 

Traditional corn 3 373 0,9 

Chontaduro 2 761 0,8 

Other crops 30 654 8,5 

Source: Ministerio de agricultura, 2016. 

 

Currently Valle del Cauca is in a growing process of diversification of agricultural crops such as Haas 

avocado, Golden pineapple, and citrus. The sugarcane product exceeds 160 000 ha, compared to the 

almost 50 000 ha that are produced from fruit trees, in crops such as pineapple, mango, Tahiti lemon, 

guava, grapes, papaya and other fruits (Dinero, 2017). These values show the diversification of crops, 

being the starting point for the development of research, focused on evaluating the effectiveness and 

benefit of the use of struvite recovered from wastewater treatment, as a fertilizer alternative for crops 

grown in the region. 
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Valle del Cauca has approximately 260 companies related to agricultural and livestock products (ICA, 

2020), Valle del Cauca has approximately 260 companies related to agricultural products, which could 

take different roles in terms of the potential incorporation of struvite or struvite-rich sludge obtained 

from wastewater treatment into the agricultural activities. Table 3 shows the classification of the main 

types of companies related to fertilizers in Valle del Cauca. 

Tabla 3. Classification of the main types of companies related to fertilizers in Valle del Cauca. 

Function Number of companies Participation (%) 

Producer 167 64 

Formulator 5 2 

Packer 19 7 

Importer 113 44 

Distributor 81 31 

Source: Adapted from ICA (2020). 

 

According to these values, 64% of the companies produce fertilizers, showing the potential application 

of struvite-rich sludge obtained from municipal wastewater treatment as raw material for the production 

of fertilizers in Valle del Cauca. 

In addition, there is a significant number of companies dedicated to import and distribution, 44 and 31% 

of participation, respectively. This sector would be a key element to compare and evaluate imported 

products rich in struvite obtained from wastewater treatment, as is the case of Crystal Green, which 

would make it possible to make known an alternative of other types of fertilizers in the region. This 

would make it possible to promote the benefits and advantages of the product, not only focusing on its 

economic value, but also on the environmental benefits of introducing recovered struvite into 

agricultural processes.  

In the same way, importing struvite would allow to have as a reference point and a quality standard for 

the products generated by the companies present in Valle del Cauca. In the case of the companies that 

carry out the formulation, it is possible to develop research related to the application of struvite-rich 

sludge, its incorporation as raw material for the elaboration of fertilizers, and the analysis of the quality 

criteria required to maximize its use. 

In general terms, these results showed that for the agricultural sector it is possible to propose the use of 

struvite-rich sludge as an alternative to commercial fertilizers, either as a replacement for them, as a 
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complement to the use of current fertilizers to reduce the amount of chemical fertilizers currently used, 

or as a raw material for their production.  

Another aspect associated with the applicability of struvite is its low solubility and slow release, which 

allows a single application to be required for a long period. This aspect is very important in the planting 

and recovery of deforested forests (Szymanska et al., 2019).  

By 2017, Valle del Cauca had 146 000 hectares of forests in recovery and an average of 15 000 new 

hectares are established annually with restoration projects. According to the environmental authorities 

of the department, one million trees per year are being planted in the Cauca river basin (Lozano, 2017); 

in such a way, that the struvite-rich sludge obtained from the treatment of wastewater could present a 

potential use in these areas in the medium and long term, since in these processes requires a periodic 

application of fertilizers, so the low solubility and slow release of struvite, acquire greater relevance 

and become an important advantage of its use. 

In combination with the application of struvite and struvite-rich sludge as a fertilizer for forests and 

pastures, its potential application for ornamental plant crops is evident. In Colombia, the trade 

organization Colviveros has a network of affiliates with more than 500 producers, marketers, and 

suppliers of ornamental plants located in 12 departments, including Valle del Cauca. This market has 

grown significantly, generating annual exports of more than US$20 million in foliage and live plants. 

Ornamental plants include flowering plants, orchids, foliage plants, cacti, succulents and palms 

(Colviveros, 2020).  

No studies have been reported for Valle del Cauca in which the agronomic value of struvite-rich sludge 

has been analyzed. Therefore, another important challenge is to investigate this field and determine its 

effectiveness under local environmental conditions.  

Finally, although sludge could have a potential application in the construction, detergent, cosmetics and 

animal feed industries, it cannot yet be considered as a viable alternative in the short and medium term, 

because economic production processes that are competitive with processes that use phosphate rock as 

raw material have not yet been established.   

4. Conclusions 

For Valle del Cauca, the main alternative uses for struvite-rich sludge obtained from municipal 

wastewater treatment are in the agriculture industry, mainly as an organo-mineral fertilizer for crops 

such as sugar cane, coffee, bananas, technified corn, bananas, sugarcane, citrus, mechanized rice, 

traditional corn and chontaduro, as well as for forestry plantations, ornamental plant crops and as raw 

material for industries related to the formulation, production and distribution of fertilizers in the 

department. 
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Struvite obtained from wastewater treatment can replace conventional chemical fertilizers since it has 

very similar effects on plant crops such as lentil, Chinese cabbage, corn, wheat, tomato, canola, parsley, 

fennel, dill, garden rocket, lettuce, barley, watercress, purslane, white lupin and English grass. 

Given the dynamics of fertilizers used in Valle del Cauca,  we identified that it is possible to establish 

different roles for the incorporation of sludge obtained from nutrient recovery processes in wastewater 

treatment systems as fertilizers. These roles could be producers, formulators, packers and distributors. 
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