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Graphical Summary of WS2 
 

 

 

Introduction 
The main objective of the Public Policy Project in Bioeconomy (PPPBio) is to develop a Roadmap 

of the Bioeconomy for Brazil focusing on São Paulo State and more specifically on the Campinas 

Region. The main idea is to create the basis for a world-class ecosystem in bioeconomy for Brazil 

that could be replicated in other regions and serve a model to boost Brazilian economic 

development. 

Considering the necessary global effort and Brazilian Government commitments, the PPPBio 

Project proposes the following vision: 

The Brazilian economy, in the next 10-35 years, will experiment a transition towards the 

bioeconomy in substitution of petroleum-based (fossil) economy. This transition will take 

place with the promotion of high value sustainable bio-based products, derived from 

agriculture, food, health, bioenergy and green chemistry, will have to be effective, efficient, 

and advantageous from the environmental, social and economic points of view, in order to 

consolidate the expansion of the Brazilian economy and its participation worldwide. 



                                                                                                               
 

4 
 

From this Vision, three objectives arise: (i) reduce GHG emission, (ii) increase number of formal 

jobs and (iii) create new products (Cortez, 2016): 

 

One of the important research topics considered in this project, previously selected and 

considered relevant by the group of researchers from the members of the Agropolo Campinas-

Brazil, are urban and agricultural wastes, more specifically energy, nutrient recycling, and 

production of fertilizer, which is the focus of this Workshop, entitled “Urban and agricultural 

wastes: energy, nutrient recycling, and production of fertilizer”. The main objective of this 

Workshop is to structure project research themes and to allow a good interaction with the private 

sector, which will permit the necessary activities to develop the bioeconomy in the different 

sectors or areas. 

This Report presents the Needs and Technological Capabilities, the Critical System Requirements, 

Large Technological Areas, Technology Drivers, Present Scientific and Technological Capabilities, 

and Gaps and Barriers, which shall be discussed, amended or changed by Speakers and Panel 

Members, and by the participants during debates and Analysis and Breakout Sessions.  

Urban and agro-industrial by products and wastes: energy + nutrient 

recycling 
Large cities and metropolitan areas, such as Campinas, concentrate the generation of waste, most 

of organic origin. Among these are solid wastes, sewage sludge, green waste etc. Organic waste or 

by-products of agriculture are more scattered, except in some vertically integrated agro-industrial 

activities, such as the sugarcane. In this case, large amounts of vinasse, bagasse, and filter cakes 

are generated in a localized manner, raising issues of proper disposal in the environment. 

All these residues have two common characteristics: a) as they are composed mostly of organic 

material, they have stored energy that can be harnessed; b) contain nutrients which can be 

recycled. These wastes have polluting potential depending on how they are discarded; On the 
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other hand, harnessing the energy and nutrients contained therein can bring economic, social, and 

environmental benefits. 

Drawing from the three objectives inherent to the Vision of the PPPBio, namely (i) reduce GHG 

emission, (ii) increase number of formal jobs and (iii) create new products – this roadmap 

component addresses the creation of two product families, which are Biogas and Fertilizers. It also 

expects to bring economic and environmental benefits from GHG reduction and new jobs from 

new agro-industrial processes that will need to be developed in the future. Nevertheless, the 

question of what are the opportunities for solutions that allow achieving the three strategic 

goals (new products, more jobs, reduce GHG emissions) remain unanswered. 

The components of the roadmap that are addressed in this workshop are the following: 

INPUT FROM SUPPLY CHAIN 
AGRICULTURE AND INDUSTRIAL 

PROCESSES 
PRODUCTS 

Urban wastes: 
solid wastes, sewage 
sludge, green waste 
etc. 

Composting of Municipal Wastes 
Biodigestion of Municipal Wastes 
 
Biodigestion of Vinasse 
 
Production of fertilizers and/or 
organomineral fertilizers from 
residues and/or biodigestion 
residues 

Biogas 

Agricultural wastes: 
vinasse, bagasse and 
filter cake 

Fertilizers 
 

 

Many uncertainties remain concerning desired products, technologies or processes and what is 

the level of consensus between different stakeholders from industry, academia and government. 

In terms of the different inputs from the supply chain, the PPPBio aims at gathering data on the 

amounts of urban wasters and vinasse (and types of vinasse) generated. It also needs to gather 

information on what their present destination is and the options to use them. 

In terms of the processes related to Composting of Municipal Wastes (MW), two questions are be 

addressed: (i) what is the state of art of composting of MW and (ii) what are the initiatives in 

Campinas? 

In terms of the processes related to Biodigestion of Municipal Wastes (MW), four questions are of 

interest: (i) what is the state of art of biodigestion of MW, (ii) what are the alternative solutions, 

(iii) whether there are initiatives in Campinas and (iv) what products can be generated? 

Five topics were covered regarding Biodigestion of Vinasse: (i) what is the state of art of 

biodigestion of vinasse, (ii) what are the alternative solutions, (iii) whether there are plants in 

operation, (iv) are there benefits if solid sugarcane agro-industrial wastes (bagasse, filter cake, 

straw) are co-digested with vinasse, and (v) what products can be generated? 

The five main questions related with Production of fertilizers and/or organomineral fertilizers 

from residues and/or biodigestion residues are: (i) what is the state of art of fertilizer production 
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from wastes, (ii) what are the biggest challenges for recycling nutrients from MW and Vinasse, (iii) 

what are the alternative solutions, (iv) whether or not there are plants in operation and (v) what 

products can be generated? 

WS2 was organized in six panels, each one covering one key topic of the main theme. The panels 

speaker, a specialist raised the main pointed out critical information for the designing of the 

roadmap, and two panelists analyzed and complement the speaker presentation. Questions, 

comments and discussion by the general audience followed.  

On day 2 the participants formed four groups of experts for breakout sessions in order to discuss 

how to achieve the goals of the workshop taking into consideration the information brought about 

in the panels. 

The Feedstock 

Municipal Wastes: The case of Campinas 

Campinas municipal administration must follow the federal laws regarding the disposal and 

treatment of MSW, which establishes rules and timeframes for action. The federal directives 

prohibit dumping MSW residues on land, the so-called “lixões” (garbage piles, in a free translation) 

but demand that MSW be collected in a way that recyclable and useful materials be separated and 

only useless residues are placed on landfills. These, must follow strict rules as to prevent 

environment contamination. The legal framework dealing with MSW issues include specific 

environmental legislation (Law 11,445/2005) and the National Policy for Solid Residues (PNRS, in 

Portuguese): PNRS 12,305/2010. The later legislation establishes targets and deadlines for 

municipal governments to implement local measures to comply with more restrictive regulations 

that prevent MSW to be dumped in irregular landfills in addition to stimulating recycling and reuse 

of residues. 

Recycling, bioenergy production and reduction of amount of residue generated are goals to be 

met by municipal and state administrations throughout the country. Most local administrations 

are behind schedule for that – only 10% of the municipal administrations have concluded their 

plans, including Campinas, although in Campinas, many steps have already been made into that 

direction. Relatively well projected landfills, the Delta Landfills Complex, were established by a 

Municipal Law in 1994 (Law 8243/1994). Nonetheless, much is yet to be done to comply with the 

recent PNRS regulations. 

According to ABRELPE (Brazilian Association of Public Cleaning Companies) 218,000 t of MSW are 

produced daily in Brazil; the Southeast, the most densely populated and industrialized region, 

accounts for 53% of that (Gonçalves, 2016). In addition, it is estimated that 10% of the residues 

generated are not even collected from households. Fifty-eight percent of the MSW in Brazil are 

placed in proper landfills but the rest are not adequately disposed of. 

The state of São Paulo generates approximately 39,000 t per day of MSW, 45% of which are 

disposed in municipal landfills and the remaining 54% go to privately-operated landfills. 
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The higher the country’s income, the higher are the amounts of residues generated (Table 1). In 

this regard, Campinas produces MSW in the range of those of industrialized countries. In addition, 

the growth of residue generation increases at a rate higher than that of the population (Figure 1), 

a trend of developing countries. 

Presently Campinas generates 4,670 t/day of residues, of which 1,200 t/day are from domestic 

residues (Figure 2) 

Table 1. Generation of urban (residential) solid wastes (USW) by class of development of country.  

Country status 
MSW yield USW moisture USW Density 

kg person-1 day-1 % t m-3 

Industrialized countries 1.0 – 4.0 < 40 < 175 

Emerging countries 0.5 – 0.9 40 – 60 175 – 250 

Low-income countries < 0.5 > 60 > 250 

Campinas 1.0 – 1.2 40 – 50 170 - 180 

 

Only approximately 24% of the household MSW of Campinas are non-recyclable, that is, should be 

placed in landfills; 47% if or organic origin and 30% are composed of recyclable materials (Table 2). 

The composition of the residential MSW of Campinas is presented in Figure 3. Data on the 

potential for direct and indirect energy generation of the MSW of Campinas are presented in 

Figure 4 and in Table 3.  

 

Figure 1. Historical series of municipal (residential) solid wastes in Campinas from 1993 to 2015. Source: Gonçalves, A. 
(2016) Department of Urban Cleaning, City of Campinas 
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Figure 2. Distribution of the urban solid wastes of Campinas by class of material. Total waste generated: 4,670 t/day. 
Source: Gonçalves, A. (2016) Department of Urban Cleaning, City of Campinas 

 

Table 2. Classification of the residential solid wastes produced daily in Campinas. Source: Gonçalves, A. (2016) 
Department of Urban Cleaning, City of Campinas 

Item Fraction (%) Mass (ton) 

Organic 46.5 558 

Recyclable 29.7 356 

Non-recyclable (disposable) 23.8 286 

Total 100 1.200 

 

 

Figure 3. Composition of the residential solid wastes of Campinas. Source: Gonçalves, A. (2016) Department of Urban 
Cleaning, City of Campinas 
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Figure 4. Potential for energy and organic matter use of solid urban wastes of Campinas. Total generation: 4,470 t/day. 
Source: Gonçalves, A. (2016) Department of Urban Cleaning, City of Campinas 

 

Table 3. Amounts of urban residues available to produce energy or organic material. Source: Gonçalves, A. (2016) 
Department of Urban Cleaning, City of Campinas 

Classification of urban 
residues 

Amount (t) 
Type of valuation 

Inert (t) 
Energy (t) Organic (t) 

Construction material 3.000 450 210 2.340 

Residential 1.200 286 558 356 

Garden/food/bulk 190 60 130 0 

Sewage from 
treatment station 

80 0 80 0 

Total (ton) 4.470 796 898 2.696 

 

The daily amounts of solid urban wastes that can be utilized to produce bioenergy or other uses 

based on organic matter in the city of Campinas is 1,694 t/day. Urban wastes can generate energy 

by plasma, gasification, pyrolysis, incineration or production of solid fuels (fuel derived from 

residues: FDR). FDR can be produced by grinding and or pelleting residues such as paper, cartoon, 

wood, cloth and a variety of materials found in SUW, which can be burned in furnaces alone or 

with other fuels such as gas, petroleum, coal etc. 



                                                                                                               
 

10 
 

The organic fraction of the MSW can be placed in landfills where biogas can be generated or used 

for biodigestion in a variety of ways. In addition, the organic fraction can undergo anaerobic 

biodigestion to produce organic fertilizers. 

The city administration in Campinas spends R$170 million per year to collect MSW and dispose it 

in landfills. This represents 4% of the city budget and R$114 per capita per year (Gonçalves, 2016). 

Larger cities tend to spend more with MSW: R$154 and R$174 per capita per year in São Paulo and 

Rio de Janeiro, respectively, mainly because of the logistic costs. The average international costs is 

R$480 per capita per year and the average in Brazil is R$88, probably because of the low 

investments in recycling and better use of the MSW resources. According to Gonçalves (2016) one 

of the reasons for the meager or insufficient proportion of the MSW used to produce energy and 

recycle organic matter in Brazil is that the country lacks or has insufficient technology and 

equipment for that, which increases the OPEX and CAPEX costs. 

 

 

Figure 5. Mechanized MSW collection in Campinas. 

 

Sewage sludge 
In Brazil about 50% of the sewage generate in cities are collected but only 40% is treated (Souza, 

2016). Campinas, however, has a much better record in this matter: the plans are being 

implemented for collecting and treating 100% of the sewage generated in the city 

Vinasse 
Vinasse is the by-product of the distillation of the alcoholic must of sugarcane to produce ethanol. 

On average, 11 to 12 L of vinasse are generated per L of ethanol produced. Vinasse has an organic 

load of approximately 175 g DBO/L of ethanol or 288 g DQO/L of ethanol. Average characteristics 

of vinasse are presented in Table 4 Characteristics of vinasse. Source Elia Neto (2016) 
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Table 4 Characteristics of vinasse. Source Elia Neto (2016) 

pH 4.3 

Temperature 90°C 

DBO5 14.8 g/L 

DQO 23.8 g/L 

DQO/DBO5 ratio 1.6 

Total solids 32.8 g/L 

N:P:K 0.43:0.03:2.2 g/L 

Organic load 174 g DQO/L ethanol 

 

Vinasse is nowadays used to fertigate sugarcane fields following current legislation which 

establishes maximum loads depending on soil characteristics. Although a by-product which is 

costly to apply depending on the distance of the field from the generating source, vinasse is of 

great value as a fertilizer, not only because of the nutrient content, specially K, but also because of 

its organic content, which can supply the much useful organic matter to soils. However, vinasse 

may also harm the environment if dumped in waterways because of its high organic load. Vinasse 

may also negatively affect soil fertility and even cane quality if applied in excessive amounts (Elia 

Neto, 2016). Vinasse can also stimulate the propagation of stable fly (Stomoxys calcitrans) which is 

detrimental to cattle (Elia Neto, 2016). Restrictions to vinasse use have been raised in some cattle 

regions. 

The cost of application in the fields (usual rates vary from 50 to 150 m3/ha) and the legal norms for 

fertilizer application and for the infrastructure needed for vinasse distribution is stimulating 

sugarmills to look for other options, such as concentrated vinasse, which involves the removal of 

water to decrease the volume to be transported to the fields. There are different technologies for 

vinasse concentration under development and testing (Elia Neto, 2016). Many sugarcane mills are 

already concentrating vinasse. Concentrated vinasse may be a suitable vehicle for other nutrients 

that must be applied to the sugarcane mills. In this way, the nutrient content of vinasse is 

complemented with mineral fertilizers and vinasse is used as a fluid fertilizer (Figure 6), recycling 

nutrients and saving fertilizer application costs. Usina Iracema is already using fluid fertilization 

with vinasse complemented with mineral fertilizers in practically 100% of its fields. 

Vinasse is also a suitable feedstock for biomethane production through anaerobic digestion (See 

Biogas from vinasse, ahead). 
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Figure 6. Plants for vinasse concentration and for preparation of fluid fertilizer from vinasse. Usina Iracema (Photo by 
Cantarella). 

Biogas 
Biogas is a mixture of CH4, CO2, and other compounds, generated by anaerobic digestion of organic 

materials, promoted by microbial activity. Biogas can be cleaned and purified to produce CH4 in 

grades like that of natural gas and as such may be inserted into the natural gas grid for 

distribution. This gas can also be used to fuel vehicles locally, replacing fossil fuels, or be used in 

thermal power plants to generate electricity. Methane may also be used as feedstock in through 

several chemical routes to produce different products. These options will not be discussed in this 

text but it should be acknowledged that there is a range of possibilities to utilized biogas. 

Biogas can be produced in different types of small or medium size bioreactors set up in farms and 

small or medium organic residue generators such as food industries. Conversely, biogas can be 

produced in large scale in lagoon bioreactors or in landfills adapted to collecting the products of 

anaerobic digestion. These alternatives are suitable for large organic matter generators such as 

sugarmills and cities. 

Bioreactors are more efficient to produce biogas per unit of organic load because they operate 

under more controlled conditions. In addition, the leftover material of biodigestion can be further 

used to recycle the remaining organic matter and nutrients as organic fertilizers. On the other 

hand, landfills have the advantage of allowing extracting energy from a much more heterogeneous 

material such as MSW; however, recycling nutrients and organic matter for other uses is generally 

not possible. 

Biogas is a viable alternative to decrease greenhouse gases emissions.  

Although there is much to be done to promote biogas in Brazil, there were 153 plants operating in 

the country in 2015 (Moraes, 2016) and the potential is enormous (Figure 7). The potential for 

biogas in Brazil is 52 billion m3/year, equivalent to 28.5 billion m3/year of fuel or 115 GWh/year, 

which is about the energy generated by Itaipu hydroelectric plant (Moraes, 2016). However, only a 

small percentage of the potential is in use (Figure 8). 
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The main difficulties are the negative experiences with anaerobic digestors, lack of a consolidate 

biogas model in Brazil, lack of government support and difficulties in accessing technical, 

commercial and legal information (Moraes, 2016). However, the prospects are positive, given 

recent legislation and the organization of the biogas sector (see boxes in this text). 

 

Positive prospects for biogas in Brazil 

The scenery for bioenergy from wastes is Brazil in the next 10 to 20 years is favorable because of 

global issues of sustainability and because Brazil is a late comer in waste treatment and its use for 

bioenergy 

RenovaBio, a Program of Brazilian Federal Government will help to promote the production of 30 

Mm3 of biomethane by 2030, that is, 40% of the consumption of natural gas, a significant 

contribution to decrease CO2 emissions that will help Brazil to meet its international commitments 

with the reduction of greenhouse gas emissions. The Brazilian voluntary goals with COP 21 is to 

reduce emissions by 37% by 2025 and 43% by 2030 in relation to its emissions of 2005. In addition 

to RenovaBio, in February 2017 ANP (National Petroleum Agency) issued Technical Note 

03/2017/SBQ establishing the specifications for biomethane from landfills and sewage sludge 

treating plants. This is in line with the National Solid Residue Policies and may bring investments of 

over R$ 300M in biomethane from landfills1. A more optimistic forecast the Brazilian government 

in its Decennial Energy Expansion Plan, indicates that the biomethane sector, including MSW and 

agricultural wastes and vinasse from the sugarcane sector, may generate 300 MW of electricity in 

thermal power plants using biogas by 2026. This may require investments of the order of R$ 50 

billion by 20302.  

In São Paulo state, there are tax incentives for investments in the biogas chain, which also help to 

promote this type of bioenergy. 

 

 

                                                             
1 Alessandro Gardemann, President of ABiogas: Biometano pode atrair mais de R$ 300 milhões em 
investimentos. (https://www.abiogas.org.br/biometano-investimentos) 
2 Report from Valor Economico “Investimentos no segmento de biogás devem atingir R$ 50 bilhões até 

2030. (http://www.energia.sp.gov.br/2017/07/investimentos-no-segmento-de-biogas-devem-atingir-r-50-
bilhoes-ate-2030/). 
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Figure 7. Brazilian biogas potential. Source: D’Aquino (2016) 

 

 

Figure 8. Biogas potential and installed capacity in Brazil. Source (Moraes, 2016). 
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Biogas from MSW 
One option for recovering energy from the MSW placed in landfills is to install biogas capturing 

facilities in the site. This is a solution used in many large cities in the world, including São Paulo 

and Rio de Janeiro. Eng. Antonio Carlos Delbin brought the expertise of Cruzeiro do Sul Engenharia 

e Serviços Ltda/Biogás Energia Ambiental3 to the workshop.  

Biogas generated in landfills is composed mainly of methane (CH4 - from 55 to 65%), carbon 

dioxide (CO2 - from 35 to 45%), nitrogen (from 0 to 1%), hydrogen (H2 - from 0 to 1%) and 

hydrogen sulfide (H2S - from 0 to 1%) (Polprasert, 1996) 

The generation of biogas in landfills begins a few months after the setup of the deposit of wastes 

and continues for 15 years after its closure. One ton of waste disposed in a landfill generates an 

average of 200 Nm3 of biogas. In order to commercialize biogas through energy recovery, the 

landfill must receive a minimum of 200 tons/day of waste, with a minimum reception capacity of 

500,000 tons in its useful life and a minimum loading height of 10 meters [World Bank, 2005 ]. As 

biogas is the result of the decomposition of biodegradable organic waste matter by anaerobic 

bacteria, the amount of methane generated depends on the composition of the MSW, the climate, 

piling conditions, moisture, and the amount of waste deposited in the landfill. The concentration 

of methane in the biogas varies between 50% and 70% of the volume (Gonçalves, 2010).  

One example is the Bandeirante thermoelectric power plant which was implemented by the 

Biogás Energia Ambiental consortium, formed by Arcadis Logos Engenharia, a company of the 

energy projects area, by Heleno & Fonseca Construtécnica SA, which build and operates the 

Bandeirante landfill, and the Dutch company van Der Wiel, specialized in degassing projects 

(Gonçalves, 2010). Biogás operates three biogas energy projects: São João and Bandeirantes in São 

Paulo, and Gramacho in Rio de Janeiro. Each one has 8 million worth of CER (Certified Emission 

Reduction), which can be sold in the carbon market. Each CER represents 1 t of CO2 eq, which is 

saved (not emitted) to the atmosphere.  

The landfills, belonging to the municipal governments of São Paulo and Rio de Janeiro are leased 

to Biogás for a period of 15 years, which pays the city governments a fee for the biogas produced 

plus part of money of CERs sold in the C market. 

  

                                                             
3 Biogás Energia Ambiental consortium, formed by Arcadis Logos Engenharia, a company of the energy 
projects area, by Heleno & Fonseca Construtécnica SA, which build and operates the Bandeirante landfill in 
São Paulo, and the Dutch company van Der Wiel, specialized in degassing projects. 
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Expertise in biogas in Brazil 

Although the biogas potential in Brazil is far from being realized and the number of specialized 

companies is relatively small, there is an increasing expertise for providing equipment such as 

biogas engines for stationary and mobile application, and the construction and operation of biogas 

facilities in landfills as well as using organic wastes from other origins. For instance, ABiogás 

(Brazilian Association of biogas and biomethane) congregates dozens of private companies 

operating in Brazil in the biogas sector4. ABiogás is a legal entity of private, nonprofit organization, 

which aims to bring together the interests of companies established in the country and abroad, 

engaged in the development and production of biogas consumption and biomethane, 

disseminating and promoting these energy sources in order to enable their effective and 

meaningful participation in the Brazilian energy matrix. 

For instance, Probiogás is a Brazilian-German cooperation to foment biogas energy use in Brazil, 

integrating efforts from government, the academy and private companies. 

There is also expertise abroad in addition to those in government and research institutions. 

Therefore, the conditions to explore MSW to produce energy in Campinas are favorable, given the 

amounts of residues produced, the infrastructure available, and the market conditions.  

 

 

 

However, the income with CER has declined over the years. One CER was worth around US$20 in 

the CER spot market in 2008 but the price decreased to less than U$3 in 2013, because of the 

economic crisis and the recent problems of the C market. Therefore, the promised environmental 

incentives of C credit for such initiatives are less then foreseen. 

There are several options for gas produced in landfills, depending on the amounts generated, and 

the resources available for investments (Erro! Autoreferência de indicador não válida.). In the 

                                                             
4 https://www.abiogas.org.br/ 
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case of Bandeirante landfill the electricity available on site costs R$0.12/m3 of CH4 and 

biomethane fuel for vehicles costs R$1.55/m3, bus prices may be vary widely depending on 

conditions of the production site (Delbin, 2016). 

Table 5. Investment needed depending on biogas utilization. Source: Delbin (2016). 

Biogas utilization Resources for investment 

Flare/burn; carbon credit Low - for gas collection and burning 

Direct sale of gas to industry (replacing other 
energy sources) 

Low - for gas cleaning. Need gas pipelines 

Electricity from biogas Medium – for electricity generation 

Transformation of biogas into natural gas or 
biomethane (for use in vehicles and 
industry) 

High – for purification, transformation and 
gas compression 

 

Fuel derived from residues (FDR) Prospects 
Campinas municipal government is examining several options for their household wastes, 

including the production of FDR for burning and power generation. However, there are few 

projects in waste burning, as opposed to biogas production. Therefore, waste burning will require 

technology development in the region or adaptation of imported technologies to the 

particularities of the local MSW (Delbin, 2016).  

Recently Estre Ambiental imported from Finland a FDR plant to operate in Paulinia5. The 

equipment received the suggestive name of Tyrannosaurus, so called by crushing the solid waste 

until they turn into small pieces of 60 mm. Waste undergoes three separation lines that remove 

organic waste (representing an average of 40% of the total volume destined for the landfill), select 

recyclable waste such as glass, ceramics, ferrous and non-ferrous materials, and those materials 

with a high calorific value, such as wood, paper and cardboard, among others, are treated and 

prepared for use as alternative fuel in boilers, kilns, or thermoelectric plants. Total investment was 

about R $ 50 million. The new plant, unique in Latin America, is one of 50 in operation in the 

world, has the capacity to process 1,000 tons of MSW per day representing the generation of 500 

tons of FDR. This solution allows for a 60% reduction in the volume of waste destined for landfills 

Plants operating with FDR to generate energy are relatively common in many countries but not in 

Brazil. The example of the Estre project (above) is an exception. This is an area that deserves 

attention by policy makers in Brazil to stimulate private sector investments as well as studies by 

the academic sector because the experience from abroad may not be directly used due to 

particularities of the MSW composition. Legal and environmental implications are also important 

issues. 

                                                             
5 Estre inicia operação de fábrica, em Paulínia, que transforma lixo em combustível. Jornal Tribuna (Paulinia): 

http://tribunapaulinia.com.br/?p=3012. Estre Ambiental is a company that operates urban and industrial waste 
collection services and processing in landfills, transforming into raw material, and energy . 
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Co-Digestion: an option for biogas production from heterogeneous materials 
The use of anaerobic biodigesters to produce biogas has the advantage of allowing the utilization 

of the biodigestion residues for other purposes, especially as biofertilizer in agriculture, thus 

making use of both organic matter and nutrients to enrich soils. However, the anaerobic digestion 

of heterogeneous materials such as MSW and sewage sludges brings enormous challenges 

because the microbiota must adapt to a harsh environment and do not perform well with a 

mixture of different feedstock (Moraes et al, 2015; Triolo, 2016), thus turning the process slow 

and more expensive.  

Prof. Jin Mi Triolo (2016) presented in the workshop data of the evolution of bioenergy, including 

biodigestion of organic waste, in Denmark (Figure 9) as a function of the environmental policies 

and mandates for bioenergy in that country. The flat biogas production of the 1970 is associated 

with the so-called first generation in which farm-scale biogas plants predominated, with low 

technology and profitability. In the 1980 second generation production started, which was 

characterized by large centralized biogas plants, using organic industrial wastes and co-digestion, 

in addition to fiscal incentives. 

Co-digestion involves the addition of feedstocks that are more easily digested and speeds up the 

process and increases the biogas yields. Among the main feedstocks crop residues and animal 

slurry (manures) predominates. Nowadays, there are over 65 farm-scales plants but 25 large-scale 

biogas plants. Nonetheless, the biogas share of renewable energy in Denmark is about 3.3%. 

However, to meet the 2050 target of renewable energy, other 30 biogas plants will be necessary. 

The new biogas roadmap estimates that 50% of the municipal organic household waste should be 

directed or biogas production by 2020 which will require further technological development, 

including the focus on availability and suitability of new biomass, and cost-efficient pretreatment, 

within the policy for co-substrate waste from household and the service sector.  

Efficient waste separation is important because most of the material present in MSW is not 

suitable for biodigestion. Therefore, part of the residues should be used for other purposes, 

including recyclables, production of FDR, and landfill. The household organic fraction is the target 

fraction for biodigestion in bioreactors. The cost is probably higher than that of production of 

biogas from landfills but there are greater opportunities to reuse the residual organic fraction 

from biodigestion with less negative environmental impacts. 

Technologies from other countries may be useful but, given the particularities of the waste 

composition of different regions, challenges arise that will require investigation by the scientific 

community. 
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Figure 9. Annual production of biogas in Denmark. Y axis is in tera joules per year (T = 1012). Figure for 2013 is in peta 
joules per year. (Peta (P) = 1015). Source: Triolo (2016) 

 

Biogas from vinasse 
It is possible to produce 114 Nm3 (60% CH4) of biogas/m3 of ethanol or 68.4 Nm3 of methane (100 

CH4)/m3 of ethanol (Elia Neto, 2016). 

According to the calculations of Sagitta Energia (Table 6) a typical sugar/ethanol mill in Brazil 

crushing 2 million tons of sugarcane per season, can produce 487,733,400 MJ of electricity from 

the biogas from vinasse, which represents around 13% of the energy content of ethanol or 

electricity from burning bagasse, that is, just the energy of vinasse can increase the energy yield of 

the mill (100% ethanol) by 6.6%. The corresponding figure for a mill that operates with 50% sugar 

is 5%. 

The potential CH4 from sugarcane vinasse, considering the 2014/15 season, was 11.5 million 

m3/day for Brazil, or 5.5 million m3/day in the state of São Paulo, representing 36% and 17% of the 

Bolivian gas delivered in Brazil and state of São Paulo, respectively (Cruz, 2016). The location of 

sugarmills in the state of São Paulo are also favorable for delivering biomethane to the existing 

natural gas pipeline (Figure 10). A São Paulo Decree (Decree 58.659/2012) foresees the legal 

conditions for biomethane to be delivered into the natural gas pipeline grid, which may stimulate 

the production of biomethane in the state, from vinasse as well as from MSW and other sources. 

The decree has not been regulated so far; so it is not effective yet. In addition, biomethane can be 

turned into electricity and uploaded into the electric grid, which is much more widespread than 

that of natural gas. 
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Table 6. Calculations of energy yield from biogas and electricity, ethanol and bagasse of a typical 
sugar/ethanol mill harvesting 2 million ton of sugarcane per season. Source: Cruz (2016) 

Item Yield/Figure 
For an ethanol plant – 100% ethanol 

Cane crushed (ton cana) 2,000,000  

Ethanol liter/ton 85 

Ethanol total m³ 170,000  

Ethanol PCI MJ/l 21.76  

Ethanol energy (MJ) 3,698,754,935  

  

Fiber content 13% 

Bagasse moisture content 50% 

Bagasse PCI c/ 50% moisture (MJ/ton) 7,125  

bagasse Energy (MJ) 3,705,000,000  

  

vinasse 11.5 

DQO (kgO2/m³ vin) 31.5 

convertion (m³CH4/kgDQO) 0.22 

PCI methano (MJ/m³) 36 

biogas energy (MJ) 487,733,400  

  

Energy:  Biogas/Ethanol 13.2% 

Energy: Biogas/Bagasse 13.6% 

  For a sugarmill plant: 50% ethanol 50% sugar 

Energy: Biogas/Ethanol 13.2% 

Energy:  Biogas/Bagasse 6.6% 
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Figure 10. Sugarmills in the state of São Paulo and the natural gas pipeline: 66 mills are within 20 km from 
the gas line. Figures from Secretary of Energy of the State of São Paulo. Source: Cruz (2016). 

 

There are various types of biodigestors that can used with vinasse, including big vinasse lagoons or 

ponds covered with plastic or other material to create an anaerobic zone for CH4 production 

(Figure 12) and tower reactors which permit a more controlled fermentation. An example of tower 

that produced by Paques installed in Usina Iracema, Iracemápolis, SP (Figure 11). According to 

Paques (Cruz, 2016), an ethanol plant producing 1,200 m3/day generates 14,500 m3/day of 

vinasse, with the potential to yield 65,000 Nm3/day of biomethane. The organic load of vinasse is 

reduced to 30% after biodigestion, preserving the nutrients present. The volume of vinasse is not 

reduced with biodegestion and can be used for fertigation. Such bioreactor has a organic load 

removal efficiency (expressed as DQO) of 19 kg DQO/m3/day, yielding 6.95 Nm3/m3 of biogas 

containing an average 65% CH4 and 28% CO2. 

The main challenges for the optimum functioning of tower bioreactors is the quality of vinasse – or 

other feedstock (application of biocides for ethanol fermentation, high concentrations of S, Ca, 

solids, as well as the adequate content of nutrients for the anaerobic biodigestion microbiome). 

Sulfur is an important contaminant because it causes a reduction in CH4 production as H2S is 

corrosive and toxic. High S feedstock increases the CAPEX, and, depending on the method of S 

decontamination, also increases the OPEX of the biogas plant. Vinasse acidity, which may be highly 

variable, should also be controlled. The seasonality and economic viability are also issues that 

must be considered. Seasonality may compromise the need for a steady delivered of biogas in the 

market and the control of biodigestion microbiota. Therefore, externalities such as the price of 

biogas and its utilization, credits for environmental gains such as reduction in GHGs emissions may 

have to be part of the equation. 
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Figure 11. Pilot reactor Biopaq IC installed in Usina Iracema. 

 

Figure 12. Anaerobic lagoon biodigestor. Source: Cruz (2016) 

 

Biogas may also be produced from solid residues of the sugarcane industry (filter cake or filter 

mud, bagasse, harvest straw) separately or digested with vinasse. The potential for energy 

generation from the sugarcane industry by-products is equivalent to 83 billion Nm3 per year (Elia 

Neto, 2016) (Figure 13). This is equivalent to 167.8 TWh per year (Elia Neto, 2016). 
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Figure 13. Potential for biogás from solid residues from the sugarcane sector in Brazil. Data of 2013. Source 
Elia Neto (2016). 

 

What may limit vinasse use for bioenergy 
Although there is a huge potential for biogas/energy production from vinasse (and from other 

sugarcane industry by-products), there are factors that may limit this route. One important factor 

is that vinasse is already used as fertilizer – in natural vinasse form and now, as concentrated 

vinasse. However, if digested for biogas production, only the organic load will decrease; the 

nutrients will remain in the effluent, which can be used to fertigate sugarcane fields. It seems that 

the main challenge is related with biodigestion and costs, as discussed elsewhere in this text.  

Biogas production in lagoons may also generate bad odor because of the anaerobic biodigestion. 

This was one of the reasons why a biogas plant was inactivated at Usina Ester, following 

complaints from the neighboring population (Walter Lima, at the discussion panel). 

In fact, very few projects to produce biogas from vinasse are in place in Brazil. Of the more than 

300 sugar and ethanol plants in in Brazil probably less than 5 biogas plants are in operation, 

indicating that there are technological as well as economic issues because ethanol plants are 

energy producing industries which would easily have a destination for the biogas. In the workshop, 

it was suggested that co-digestion of vinasse with other organic residues of the sugar/ethanol 

industry could increase the organic load of vinasse and improve the biogas yields (Moraes, 2016) 

but this is still a topic that requires investigation. 

The environmental benefits such as reduction of GHGs emission and the fact the biodigested 

vinasse may overcome some of the problems associated with vinasse use may also become a 

driver for changes. 
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Alternative: Composting 
Composting is the transformation of organic residues through aerobic digestion. The main 

objective is to recycle residues or by-products and transform them into organic fertilizers. Pre-

conditions for composting includes the presence of active microorganisms, maintain adequate 

moisture around 40% to 60%, maintain aerobic conditions (revolving of the compost piles are 

usually necessary every 7 to 15 days), and maintain the C:N ratio of the material around 25:1 to 

30:1 (Matias, 2016). 

Not all residues are suitable for composting. Suitable materials include garden residues, tree barks, 

grasses, sawdust, food residues, sugarcane bagasse, among others. Non-compostable materials 

are metal, glasses, plastic, rubber, wood, batteries, medicines, chemical products in general, color 

paper, feces of domestic pets, meat residues, bones, seeds etc. This indicates the MSW are a 

complex and difficult feedstock for composting because they need previous and rigorous selection 

(Matias, 2016). The best way is to separate wastes at the source (household, industry, shops etc) 

followed by a selective collection. This allows a better use of the MSW resources to recycle high 

value products such as metals, paper, plastics, etc, and proper disposal of hazardous or 

contaminated materials. The organic or wet-organic load can be directed for biogas or 

composting. An addition benefit of the selective collection is the opportunity to create jobs for 

low-skilled people. In Campinas, only 3% of the recyclables are used (Franco, 2016). 

Part of the MSW collected as garbage is, therefore, little used for composting to produce organic 

fertilizers. In Brazil, only 1.6% of the urban organic residues are composted (4% of the 

municipalities have composting units) (Parajara 2016). MSW in Brazil may provide 35.4 million t of 

biodegradable residues, which can potentially generate 17.7 million t of organic compost 

(Parajara, 2016). If 50% of the organic matter from MSW are used for composting up to 2030, the 

investment needed is of the order of R$ 10 billion to implement low, medium and large-scale 

composting plants, which may generate jobs in civil construction, in the operation of the 

composting plants, in the selection and collection of the waste feedstock, and in agriculture 

(Parajara, 2016). Additional foreseen benefits include the reduction of 57 million t of MSW in 

landfills and reduction of 50 million ton of GHGs emission per year, which can generate US$ 500 

million in carbon credits, considering US$10/t of MSW (Parajara, 2016). 

The target residues for this activity are the garden materials, food residues, and agro-industry by-

products such as food industry residues (fruit peals, shells, coffee grounds, grains etc), and animal 

wastes such as chicken, pig, cattle manures. In São Paulo, residues from the sugarcane industry, 

such as filter cake and bagasse are also suitable and abundant materials. 

According to Benites (2016) Brazil generates yearly 10.8 million t of poultry litter and 120 million 

m3 of pig slurry which can, contains 27%, 21%, and 12% of the N, P, and K fertilizer used in Brazil. 

Organo-mineral fertilizers are produced by adding to the organic fraction (during or after 

composting) mineral nutrients to enrich the final products. These can be market as a powder or be 

granulated for ease of application with agricultural machines. Organo-mineral fertilizers are less 

concentrated than the common mineral fertilizers, which adds to the transport and application 
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costs. It is being argued that organo-mineral fertilizers have advantages over mineral fertilizers 

because of the organic fraction that may slow down the rate of nutrient release to plants, retard 

or reduce P fixation in the soil, and stimulate soil biological activity. These characteristics are used 

to promote this type of fertilizer and to justify public policies to incentivize or subsidize its 

production. Most agronomic literature show that organo-mineral fertilizers are good sources of 

plant nutrients but its superior performance in relation to mineral fertilizers are difficult to prove 

(Benites, 2016). Nonetheless, there are plenty of reasons to stimulate the composting of organic 

wastes to produce organic or organo-mineral fertilizers as discussed earlier in this text. The cost 

disadvantage, especially if transported long-distances, however, remain an issue. 

Composting: players 
Composting is an ancient activity, practiced by farmers since ancient times when mineral fertilizers 

were not available. Today, given the high availability of compostable materials or industrial or 

urban origin, many companies were formed to process wastes and produce organic and organo-

mineral fertilizers, soil conditioners and plant substrates. The Brazilian Association of Industries of 

Plant Nutrition Tecnology (Abisolo) represents several of these companies. From simple organic 

compost to granulated multi-element organo-mineral fertilizers, there is a host of products in the 

market, but, nonetheless, these products represent a small fraction of the fertilizer delivered to 

farmer, in which mineral, more concentrated fertilizers prevail. However, the potential for 

expansion is enormous. 

According to Abisolo (Matias, 2016), there are 266 regular producing units of organo-mineral 

fertilizers in Brazil, 48% in the state of São Paulo. Almost half (46%) of these units are less than 10 

years in operation and the average age of these industries is 16 years. Two hundred and thirty-

three businesses produce organic fertilizer, distributed in 17 states in Brazil (Matias, 2016). 

Table 7. List (partial) of companies operating organic or organo-mineral fertilizers, substrates and soil 
conditioners in Brazil. Source: Matias (2016) 

Visafertil Agrodekv Provaso/JCM 

Geociclo Ecocitrus Minhofertil 

Valoriza Ecomark Armosia Brasil 

Organosolvi  Composul Constroeste 

Tera Ambiental CEPAGRO Nutrisafra/Biofertec 

Ambitec/Bioland Embrafós Ecometano 

Terra de Cultivo Biofosfatos IFB – Instituto de Fosfato 
Biológico/Gofert 

Genfertil Ecomark Biofert 

Bioland Biofosfatos  

 

Composting: Limiting factors 
Although there is an abundant supply of different feedstock for composting and a considerable 

potential market for organic or organo-mineral fertilizers, composting plants require high 

investments in machinery and infrastructure. Odor and insects, especially is the composting is not 
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well managed or if less suitable feedstock is processed, restrict the location of composting plants 

in urban areas. Organic fertilizers are low cost bulky materials and long-distance transportation to 

farms may limit the economic feasibility of the business. In addition, feedstock usually represents 

around 40% of the cost of the resulting fertilizer and, in some cases, the generator of the residue 

must pay part or the whole cost of disposal to turn the composting business economically viable.  

Composting plants that operate more than 100 t/day require Environmental Licence from the São 

Paulo State Environmental Agency – CETESB (Parajara, 2016) 

Composting usually brings environmental benefits as it allow the reclamation of wastes, recycling 

nutrients and organic matter, decrease the need for landfills and decrease greenhouse gases 

emissions. In this way specific public policies and incentives may be justified for certain types of 

residues, especially urban wastes which usually present high disposal costs. 
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Roadmapping steps 
 

Critical System Requirements 
Once the “product” is defined – Biogas and fertilizers – the goal of this stage is to identify what are 

the critical qualities that it must possess, named critical system requirements (CSR). Here, a small 

set (preferably one for each strategic goal) of functional and performance requirements must be 

identified, characterizing the high-level dimensions that the “product” of this specific Technology 

roadmapping (TRM) component must seek, as well as its long-term targets. 

In short, CSR are high level parameters most critical to solve the problem of (i) creating new 

products that may contribute to the (ii) reduction of GHG emission and (iii) increase the number of 

formal jobs, in accordance to the Vision.  
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Table 8. Indexes for high level parameters (Functional or Performance Requirements) associated with the Strategic Goals 

Product/Strategic Goals Critical System Requirement (CSR) Parameters 

  

Product: BIOGAS  

Create new products CSR 1 - Reduce cost and increase feedstock uniformity 

CSR 2 - Proper biodigestion conditions 

Create formal jobs CSR 3 - Create new businesses 

Reduce greenhouse emissions CSR 4 - Proper destination of wastes 

CSR 5 - Increase biogas yield 

Product: ORGANIC/ORGANOMINERAL FERTILIZER  

Create new products CSR 6 - Reduce feedstock prices 

CSR 7 – Quality and price-competitive products 

Create formal jobs CSR 8 - Create new business 

Reduce greenhouse emissions CSR 9 - Proper use of fertilizers  

CSR 10 - Improve logistics / Proper practices of fertilizer use 

 
Table 9. Relevant topics for the critical system requirements (CSR) for the selected goas 

Product/Strategic 
Goals 

CSR Relevant topics for the CSR 

Product: BIOGAS 

Create new products CSR 1 Biofuels are low value products. Its price competitiveness depends on low costs along the whole production chain 

CSR 2 Low concentration of fermentable material increases time and cost of production. The presence of contaminants and 
non-fermentable materials affects the yield and quality of the final products. Improving biodigestion technologies 
may also help to overcome part of the problems above. High value products and chemicals other than biogas may 
improve economic feasibility. 

Create formal jobs CSR 3 Using R&D, creating a proper business environment, and incentivizing emerging industries, small or big, through 
proper financial tool, legislation etc. is important to create new jobs 
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Product/Strategic 
Goals 

CSR Relevant topics for the CSR 

Reduce greenhouse 
(GHGs) emissions 

CSR 4 Waste and residue disposal in the environment, including in landfills, generates the emissions of CO2, CH4, and N2O; 
therefore, proper destination avoids GHGs emissions.  

CSR 5 The biofuel produced (biogas, methane) replaces fossil fuels, thus reduces GHGs emissions. 

Product: ORGANIC/ORGANOMINERAL FERTILIZER 

Create new products CSR 6 Fertilizers are bulky materials marketed in high volumes. Compost, organic fertilizers and organomineral fertilizers 
are low value products. The cost of feedstock is critical. In addition, contaminant-free and little variable feedstock is 
important to guarantee a uniform composition end-product, that complies with the legislation regarding minimum 
amounts of nutrients, maximum concentration of contaminants and other. 

CSR 7 From the standpoint of plant nutrition most demand of nutrients is met by mineral fertilizers, which are more 
traditional, easily available, relatively cheap, have a wide range of formulations that are compatible with different 
soils and crops needs, and have high nutrient concentration, which implies less cost of transport and application. 
Organic fertilizers have, therefore, some disadvantages when compared with mineral fertilizers but, on the other 
hand, organic fertilizers have known benefits such as organic matter and nutrients in forms that are more slowly 
released. Probably such fertilizers will be more competitive for application at a relatively short distance from the 
production site. Organomineral fertilizers may travel a little longer and still be competitive. 
 
In the medium to long term businesses and jobs will be maintained and expanded only if the products have a market 
at competitive prices. 

Create formal jobs CSR 8 There is a wide range of residues that can be turned into a variety of fertilizers for different purposes (gardening and 
home uses, urban areas, forestry and recomposition of natural areas, agriculture etc). Therefore, there are ample 
opportunities for small and big companies. 
Using R&D, creating a proper business environment, and incentivizing emerging and existing industries, through 
proper financial tool, legislation etc. is important to create new jobs 

Reduce greenhouse 
emissions 

CSR 9 Emissions of GHGs can be stimulated or reduced by adequate production techniques, especially in the composting 
phase. For instance, too high moisture or unbalanced C:N ratios may cause an increase in CH4, CO2 or N2O emission. 
The pH of the material may also affect N-NH3 retention.  
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Product/Strategic 
Goals 

CSR Relevant topics for the CSR 

CSR 10 Compost, organic and organomineral fertilizers have the potential to increase soil organic matter, and, therefore, 
mitigate global warming by storing C in the soil. This can be done not only directly, by applying organic C, but 
indirectly, by increasing biomass yields. On the other hand, fertilizers can be sources of GHGs such as N2O, which can 
be minimized with best management practices 

 
 
  



                                                                                                       
 

31 
 

Large Technological Areas 
While the previous sections identify (1) the products focused and (2) its systemic 

requirements, the goal of this section is to identify the technology areas that must be explored 

in such a way that products’ requirements will be met. 

The research team listed technology areas that are relevant (Table 9) 

 

Technology Drivers 
In this stage, each CSR must be mapped/transformed into technology drivers for each of the 

large technology areas identified. These technology drivers are critical variable in the 

identification of technological alternatives that will be selected later (Table 10) 

The research team must present goals for each of the identified technology drivers, which 

must be referenced to the CSR that the “product” must possess. The technology driver’s goals 

specify how well a technology alternative must do in a given timeframe. In other words, the 

goals are defined for the final system delivery that one foresees at the end of the timeframe 

(Vision – 2050). 

The research team also found important to address non-technical issues that are also critical to 

foster the achievement of the Critical System Requirements (CSR) for the selected goals, which 

should be tackled by Public Policies. (Table 11). 
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Table 10. Large Technological Areas (LTA) and Technology Drivers for meeting the Critical System Requirements (CSR) for the selected goals 

Product: Strategic 
Goals/CSR 

LTA List of Relevant Topics Technology Drivers 

Product: BIOGAS    

Create new 
products/CSR 1 

Logistics The cost of collection and transportation is relevant to 
determine the overall cost of bulky and low unit-value 
feedstock; drying. 

• Transport and loading equipment 

• Storage and processing sites 

• Drying options 

Technology for 
Separation of 
Material 

Processing, composting and biodigestion are affected 
by the heterogeneity of the organic material. 
Therefore, selection, separation of low and high 
recyclables, contaminants and undesirable materials 
strongly influence both cost reduction and the yield 
and quality of the end-products. 

• Household selection technology/process 

• Equipment for separation of material 

• Recycling technology 

Create new 
products/CSR 2 
 
Reduce greenhouse 
(GHGs) 
emissions/CSR 5 

Biodigestion 
Technologies 

Microorganisms adapted to operate with 
heterogeneous material and contaminants; 
microorganisms that produce other chemicals; design 
of large scale biodigestors; cleaning and purification of 
biofuel; energy recovery of different feedstock; energy 
use and conversion (gas, heating, electricity) 

• Microbiology 

• Fermentation (heterogeneous material) 

• Biodigestor design 

• Energy recovery, conversion, and yield 

• Gas cleaning and purification 

• Scale up 

Engineering of 
New Chemicals 

Converting CH4, CO2 in other chemicals • Chemical transformation 
 

Product: 
ORGANIC/OM 
FERTILIZER 
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Product: Strategic 
Goals/CSR 

LTA List of Relevant Topics Technology Drivers 

Create new 
products/CSR 6 

Logistics Cost of collection and transportation; separation of 
materials (uniform materials produce better 
fertilizers); drying/concentrating 

• Transport equipment 

• Separation (sieving) 

• Drying technologies 

Feedstock 
composition 

Contaminants; water, non-plant-nutrient materials; 
high nutrient concentration; separation of materials 

• Presence of contaminants 
 

• Presence of nutrients 

Create new 
products/CSR 7 

Composting C:N ratio; contaminants; bad smell; equipment • Equipment development 

• Additives (chemical/biological) 

• Management practices 

Fertilizer 
production 

C:N ratio, contaminants; industrial processing, scale 
up, increase nutrient use efficiency 
Improve fertilizer quality; training 

• Equipment and fabrication technol. 

• Additives 

• Nutrient retention 

• Capital cost 

Sanitary safety biological contaminants; chemical contaminants; bad 
smell; 

• Reduce contamination 

• Sanitation 

• Equipment development 

Plant nutrition balanced nutrient composition; nutrient use efficiency; 
reduce nutrient losses to the environment 

• Enrichment with nutrients 

• Field testing of fertilizers 

Reduce GHGs 
emissions/CSR 9 

Composting Avoid GHGs emissions, especially N2O and CH4; 
balancing of C:N ratio of material. 

• Equipment development 

• Additives (biological/chemical) 

Reduce GHGs 
emissions/CSR 10 

Agronomic 
practices 

soil application; evaluation of GHGs balances (life cycle 
analysis) 

• Soil enrichment 

• Increase plant biomass production 
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Table 11. Public Policy Drivers for meeting the Critical System Requirements (CSR) for the selected goals 

 

Product: Strategic 
Goals/CSR 

List of Relevant Topics Public Policy Drivers 

Create new products/CSR 1 Organic residues, especially urban residues, may cause environmental 
pollution and have a cost of disposal. The proper destination and use of such 
organic material has intrinsic value for the society that should be included in 
price formation of biogas and other products. Therefore, tax policies and 
other incentives should be considered. 
 
Logistic studies are also necessary to understand the cost of collection and 
transportation, which is relevant to determine the overall cost of bulky and 
low unit-value feedstock. 

• Economics (cost evaluation) 

• Tax/fiscal incentives 

• Logistic studies 

• High price of landfills paid by the 
municipalities creates invested 
interested of companies operating 
landfills as they are 

Create new products/CSR 2 Create market conditions, prices incentives etc. until the new industry 
maturates 

• Fiscal incentives 

Create formal jobs/CSR 3 Formal education at university level as well as labor; incentives to low-pay 
jobs; proper legislation; increase productivity; works cooperatives 

• Specialized Education 

• Productivity 

• Legislation/cooperatives 

• Financial tools 

Reduce greenhouse (GHGs) 
emissions/CSR 4 

Proper legislation to penalize disposing of residues in landfills • Legislation 

• Carbon credit 

Create new products/CSR 7 Stimulate organic fertilizer use; cost constraint • Economics/Tax Incentives 

Create formal jobs/CSR 8 Stimulate R&D; formal education; tax incentives • Education 

• Legislation 

• Economics/Tax Incentives 



                                                                                                        
 

35 
 

Present Scientific and Technological Capabilities 
This section presents the capabilities of the current Science & Technology system currently in 

place in each of the technology areas presented here, including a description of state-of-the-

art technologies considered. 

Despite the huge waste recovery potential in highly urbanized regions in the State of São 

Paulo, there are few research groups in São Paulo dedicated to studies of bioenergy utilization 

of municipal waste. Consequently, the development of technological solutions to these issues 

is done by companies that use technologies from other countries. On the other hand, there is 

good critical mass of researchers with expertise on use and recycling of organic materials and 

nutrients in the soil, which can contribute to the design of an efficient and environmentally 

sustainable waste processing chain (Table 12). Contribution can also come from research 

groups focused on non-technical issues that are complementary to the development of 

technological solutions (Table 13). 

Gaps and Barriers 
This section identifies current gaps and barriers concerning the technology drivers, including 

the future industry’s workforce skills and knowledge base that will developed and deploy the 

new technologies. Such identification points to the types of strategic decision making that will 

be needed in terms of education and scholarly programs taken by policy makers (Table 14, 

Table 15). 

Federal law 12305/2010 dealing with the disposal of solid waste, imposes goals and deadlines 

for municipalities to establish policies for waste. Data of 2010 of the Municipality of Campinas, 

indicated that only the home collection generated over 1000 t/day of waste which are 

disposed of in landfills. Solutions for harnessing these wastes’ energy are used extensively in 

some countries, including Brazil, but not in the Campinas region. 
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Table 12. Current S&T Capabilities associated with Technology Drivers 

Product: 
Strategic 
Goals/CSR 

Large 
Technological 
Areas 

Technology Drivers Current Science and 
Technology Capabilities 

Product: BIOGAS 

Create new 
products/CSR 1 

Logistics • Transport and 
loading equipment 

• Logistics studies 

• Storage and 
processing sites 

• Drying options 

Private companies 
Unicamp, ITAL 
Unicamp/PMC/Ethanol 
companies 
Private companies 

Technology for 
Separation of 
Material 

• Education 
(household selection) 

• Equipment for 
separation of 
material 

• Recycling technology 

Government/PMC 
Private 
companies/Unicamp 
Unicamp 

Create new 
products/CSR 2 

Biodigestion 
Technologies 

• Microbiology 

• Fermentation 
(heterogeneous 
material) 

• Biodigestor design 

• Energy recovery, 
conversion, and yield 

• Gas cleaning and 
purification 

• Scale up 

Unicamp/IAC/Private  
Unicamp/Private 
Private companies 
Unicamp/CPFL 
Private companies 
Private companies 

Engineering of 
New Chemicals 

• Chemical 
transformation 

 

Unicamp 

Reduce 
greenhouse 
(GHGs) 
emissions/CSR 4 

Residue 
Management 

• Legislation 

• Carbon credit 

• Energy use efficiency 

PMC/Government 
Unicamp/ITAL 
CPFL/Unicamp 

Reduce GHGs 
emissions/CSR 5 

See Biodigestion 
Technologies 

  

Product: ORGANIC/OM FERTILIZER 

Create new 
products/CSR 6 

Logistics • Transport equipment 

• Separation (sieving) 

• Drying technologies 

Private 
companies/Unicamp 
Private companies 
Private 
companies/Unicamp 

Feedstock 
composition 

• Presence of 
contaminants 

• Presence of nutrients 

IAC/Unicamp 
IAC/Unicamp 
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Product: 
Strategic 
Goals/CSR 

Large 
Technological 
Areas 

Technology Drivers Current Science and 
Technology Capabilities 

Create new 
products/CSR 7 

Composting • Equipment 
development 

• Additives 
(chemical/biological) 

• Management 
practices 

Unicamp/Private 
companies 
IAC/Unicamp/Private 
companies 
IAC/Unicamp 

Fertilizer 
production R&D 

• Equipment and 
fabrication technol. 

• Additives 

• Nutrient retention 

• Capital cost 

Private 
companies/Unicamp 
Private 
companies/Unicamp 
IAC 
Unicamp 

Sanitary safety • Reduce 
contamination 

• Sanitation 

• Equipment 
development 

IAC/Unicamp 
Unicamp 
Private 
companies/Unicamp 

Plant nutrition • Enrichment with 
nutrients 

• Field testing of 
fertilizers 

IAC 
IAC 

Reduce GHGs 
emissions/CSR 9 

Composting • Equipment 
development 

• Additives 
(biological/chemical) 

Private companies 
IAC/Unicamp/Private 
companies 

Reduce GHGs 
emissions/CSR 
10 

Agronomic 
practices 

• Soil enrichment 

• Increase plant 
biomass production 

IAC 
IAC 
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Table 13.  Current S&T Capabilities associated with Non-Technology Drivers 

Product: 
Strategic 
Goals/CSR 

Areas Drivers Current Research Capabilities 

Product: BIOGAS 

Create new 
products/CSR 
1 

Public 
Policies 

• Economics (cost 
evaluation) 

• Tax/fiscal incentives 

Unicamp/PMC 
Government/PMC 

Create new 
products/CSR 
2 

Public 
Policies 

• Fiscal incentives PMC/Government 

Create formal 
jobs/CSR 3 

Public 
Policies 

• Specialized Education 

• Productivity 

• Legislation/cooperatives 

• Financial tools 

Government/Unicamp/IAC/PMC 
 

Product: ORGANIC/OM FERTILIZER 

Create new 
products/CSR 
7 

Public 
policies 

• Economics/Tax Incentives PMC/Government 

Create formal 
jobs/CSR 8 

Public 
policies 

• Education 

• Legislation 

• Economics/Tax Incentives 

Government/Unicamp/IAC 
Government 
Government/PMC 
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Table 14. Gaps and Barriers associated with Technology Drivers 

Product: 
Strategic 
Goals/CSR 

Large 
Technological 
Areas 

Technology Drivers Gaps and Barriers 

Product: BIOGAS 

Create new 
products/CSR 
1 

Logistics • Transport and 
loading equipment 

• Storage and 
processing sites 

• Drying options 

Few researchers study logistics of municipal wastes although transporting high 
volumes of materials in large cities deserves attention because of many problems it 
may cause: traffic, bad odor, high cost. In sugar-mills this matter is studied. Better 
transport and loading equipment is also necessary. Removing water of certain residues 
(vinasse, sewage sludge) is costly; the energy produced from the wastes can be used 
for this purpose.  

Technology 
for 
Separation of 
Material 

• Household selection 
technology/process 

• Equipment for 
separation of 
material 

• Recycling 
technology 

Separation and recycling of wastes is a problem in most cities in Brazil. Its solution 
involves education (for households) and also development of public infra-structure. 
Development of equipment also needs attention especially for high volume wastes. 
Recycling also depends on economic uses of materials and involve the public and 
private sectors as well as proper legislation. 
High price of landfills paid by the municipalities creates invested interested of 
companies operating landfills as they are 
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Product: 
Strategic 
Goals/CSR 

Large 
Technological 
Areas 

Technology Drivers Gaps and Barriers 

Create new 
products/CSR 
2 

Biodigestion 
Technologies 

• Microbiology 

• Fermentation 
(heterogeneous 
material) 

• Biodigestor design 

• Energy recovery, 
conversion, and 
yield 

• Gas cleaning and 
purification 

• Scale up 

Science behind the production of biogas is relatively well known but economic 
solutions are not always easy. In addition, wastes are not homogeneous materials 
which turn biodigestion complex.  
There are many gaps in all stages of biodigestion technologies. The economic solutions 
for biogas production of such materials are a challenge. Research must focus in scaling 
up lab solutions. The lack of equipment in Brazil, including technical assistance and 
parts is a gap. International cooperation can speed up several processes since in many 
countries biogas production is relatively advanced. 
Bad smell during and after biodigestion is an important barrier. 

Engineering 
of New 
Chemicals 

• Chemical 
transformation 

 

There are many options of chemicals, including high-value products, that can be 
produced from organic wastes, including those from CH4 and CO2 derived from 
biodigestion. However, the degree of contaminants and the low yield of biogas in 
many situations turn the processes relatively expensive compared to processes from 
more uniform chemical feedstock (including those of fossil origin). The main gap is to 
find economically viable transformation routes and the main barrier is the price of oil. 

Product: ORGANIC/OM FERTILIZER 

Create new 
products/CSR 
6 

Logistics • Transport 
equipment 

• Separation (sieving) 

• Drying technologies 

Main gaps include studies on logistics of transport of feedstock, especially the direct 
and indirect costs. The lack of options of equipment for small and large-scale transport 
and separations is also a gap. Cheap options to remove excess water of some 
feedstock is also a gap. 
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Product: 
Strategic 
Goals/CSR 

Large 
Technological 
Areas 

Technology Drivers Gaps and Barriers 

Feedstock 
composition 

• Presence of 
contaminants 

• Presence of 
nutrients 

The presence of biological and chemical contaminants in certain feedstock (urban & 
industrial wastes, sewage sludge) is a barrier not only for biodigestion but also, further 
in the chain, for fertilizer use. Options to remove contaminants and to enrich the 
feedstock or the fertilizer with nutrients to improve the end-product quality is a gap. 

Create new 
products/CSR 
7 

Composting • Equipment 
development 

• Additives 
(chemical/biological) 

• Management 
practices 

Composting, including that in large-scale, is not new in many sectors such as those 
using agricultural and sugarcane by-products. However, there are opportunities to 
improvements especially when more heterogeneous materials are used. New 
equipment options are gaps, as well as the development of chemical or biological 
additives to speed up and lower the cost of production  

Fertilizer 
production 

• Equipment and 
fabrication technol. 

• Additives 

• Nutrient retention 

• Capital cost 

Fertilizers must have a relatively uniform and constant composition. There is need to 
improve the manufacture processes. Final cost of fertilizer and its competitiveness 
with mineral fertilizers is a barrier, especially because of the low concentration of 
organic or organomineral fertilizers. 
 
Investments (education, technology) will help to create new business, and, therefore, 
jobs. 

Sanitary 
safety 

• Reduce 
contamination 

• Sanitation 

• Equipment 
development 

The presence of biological and chemical (i.e. heavy metals) in fertilizers may be a 
barrier. The lack of equipment and low-cost solutions to rid the fertilizer of biological 
contaminations is a gap. 
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Product: 
Strategic 
Goals/CSR 

Large 
Technological 
Areas 

Technology Drivers Gaps and Barriers 

Plant 
nutrition 

• Enrichment with 
nutrients 

• Field testing of 
fertilizers 

Organic fertilizers usually inherit the nutrient composition from the feedstock it may 
be unbalanced with plant needs. Proper and low-cost options to improve nutrient 
composition is a gap. 

Reduce GHGs 
emissions/CSR 
9 

Composting • Equipment 
development 

• Additives 
(biological/chemical) 

GHG are emitted during composting. Proper accounting of such emissions as well as 
options to reduce them are relevant gaps. 

Reduce GHGs 
emissions/CSR 
10 

Agronomic 
practices 

• Soil enrichment 

• Increase plant 
biomass production 

GHG are emitted when fertilizers are applied to the soil. The presence of mineralizable 
organic C and N, for instance, increases N2O emissions. Proper accounting of such 
emissions are gaps. On the other hand, organic C from organic fertilizers or from 
increased biomass production due to fertilization, if preserved in the soil, mitigates 
global warming. Proper accounting of such emissions and mitigation potential, as well 
as agronomic practices that lead to environmentally positive effects are important 
gaps. 
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Table 15. Gaps and Barriers associated with Non-Technology Drivers 

Product: Strategic 
Goals/CSR 

Areas Drivers Gaps and Barriers 

Product: BIOGAS    

Create new 
products/CSR 1 

Public Policies • Economics (cost 
evaluation) 

• Tax/fiscal incentives 

• Logistic studies 

Society pays (taxes) a high cost for getting rid of wastes, in addition to 
the high environmental impact of many solutions (landfills).  
Proper evaluation of such costs is an important gap. The need of 
subsidies and tax rebates may be a barrier in times of budget constraints. 

Create new 
products/CSR 2 

Public Policies • Fiscal incentives The high capital costs, the relatively low price of biogas, and technical 
difficulties or low yield associated with certain feedstock (i.e., urban 
wastes, vinasse) requires that special tax schemes and stimulus to 
research efforts be applied for some time, until the technology matures 
and becomes competitive. Special incentives may apply also to the 
development of high-value products, which, in due time, may help the 
whole chain to become competitive. The main barrier is to devise 
policies that stimulate the industry with the least cost to the taxpayer. 

Create formal 
jobs/CSR 3 

Public Policies • Specialized Education 

• Productivity 

• Legislation/cooperatives 

• Financial tools 

There are many companies in Brazil and abroad, including in the public 
sector, with know how in several of these areas, but, the main gap the 
lack of specialized professionals, including scientists. The lack of 
legislation to stimulate new business is also a gap. 

Reduce greenhouse 
(GHGs) 
emissions/CSR 4 

Residue 
Management 

• Legislation 

• Carbon credit 

Among the gaps in this area is the lack of proper accounting of GHG 
emissions and savings with the various technological options. Lack of 
legislation prizing carbon credits is also a gap.  

Product: 
ORGANIC/OM 
FERTILIZER 
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Product: Strategic 
Goals/CSR 

Areas Drivers Gaps and Barriers 

Create new 
products/CSR 7 

Public policies • Economics/Tax 
Incentives 

Due to high cost of production and transport, fertilizer from urban 
wastes may be less competitive. Proper accounting and fiscal policies to 
overcome this problem are gaps that must be tackled. 

Create formal 
jobs/Create new 
business 

Public policies • Education 

• Legislation 

• Economics/Tax 
Incentives 

Training of works at technical or intermediary education level is a gap, as 
it is the lack of proper legislation to stimulate small and large businesses 
to start in this area (since competitiveness is a barrier, at least in the 
early stages). 
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Conclusions 
The main conclusion or the workshop is that it is possible to use local and under-utilized urban wastes and 

by-products of the agro-industry to produce bioenergy, recycle nutrients, generate jobs, and decrease 

greenhouse gases emissions. Campinas and its surrounding region has the infrastructure, manpower, 

public and scientific institutions, and private sector to implement the goals set up for this roadmapping. 

The present situation of MSW use is far from the set goals for bioenegy production and recycling of 

nutrients, which adds to the challenges. Vinasse is presently recycled in the fields but practically is not 

employed to generate bioenergy. The Agropolo platform can play an important role to help to implement 

such goals. 

 

Figure 14. Graphic summary of envisage evolution of destination of Municipal Solid Wastes (domestic, garden/food, 
and sewage sludge) from 2016 to 2050, according to roadmapping for energy production and recycling of nutrients. 

Energy is the sum of biogas and fuel derived from residues (FDR) for combustion. 

 

Figure 14 brings the possible vision, discussed in the workshop, of the evolution of utilization of three 

fractions of MSW from Campinas, namely, domestic wastes, garden wastes and food wastes collected 

separately food distribution centers and local markets, and sewage sludges. Construction materials 

collected separately were not considered in this scenery because only a small part of it can be used to 

produced energy; this type of waste has a different path of recycling from those discussed in the 
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workshop. Presently, most of the MSW is disposed of in landfills. Domestic MSW can be destined to 

produce bioenergy both as biogas from landfills and as fuel derived from residues (FDR) that can be 

incinerated. Technological limitations for that are small but investments and legal matters were 

considered for scalling the destination for bioenergy production in time. The vision forecast for 2050 may 

be anticipated if enough resources and public policies are prioritezed for these goals. It is foreseen that 

most of the sewage sludge will be directed to composting/fertilizer production. Even in the 2050 scenery 

part of the domestic residues and sewage will be placed in landfills. On the other hand, the garden and 

food residues will rapidly be used to produce energy and fertilizer. Actually, plans are already in place to 

start the first composting operation with Campinas garden residues within the Agropolo platform (see 

Agropolo Recycling Green Project), the first implemented project of Agropolo. 

Economic issues apply here but the urgency to comply with MSW legislation and environmental questions 

will be the main driver for the changes and will certainly help to bring the money and accelerate the 

needed investments. 

 

 

Figure 15. Graphic summary of envisage evolution of destination of sugarcane vinasse to produce energy and recycle 
nutrients in the field from 2016 to 2035. 
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As for vinasse and other agriculture and agro-industry wastes utilization for bioenergy, economic as well 

as technological issues are strong limitations and gaps presently. Environmental matters are not as 

important here because vinasse has already a destination which, up to a certain point, is environmentally 

accepted, given the legislation in place. It is foreseen that regular vinasse will be replaced by concentrated 

vinasse, a move that is already in place in many mills. This helps to improve nutrient cycling in the field, 

takes care of some environmental and logistic issues regarding vinasse use, but comes at an energy cost 

needed to remove water. Biogas production is an option to reclaim some of the energy and improve the 

energy balance of ethanol production. However, at present vinasse biodigestion is hardly used in the 

industry. Therefore, research and technological development efforts are needed here. Concentrated 

vinasse is a relatively new product. Some of the limitations of vinasse biodigestion, namely the low organic 

load of this product, may be at least overcome with vinasse concentration. One important point is that 

vinasse can continue to be recycled in the field after biodigestion, because part of the organic load and 

most of the nutrients present in the original material will remain in the effluent. 

The detailed data of the roadmapping processes, leading to the reaching the established goals for this 

workshop/issue are presented in Tables 8 to 15. A summary of the conclusions and steps ahead is given in 

Table 16. 

 

Table 16. Summary of the roadmapping to best use urban and agro-industrial wastes in Campinas 

Goal What Who (1) 
Investment 

(MR$) (2) 
When 

Turn viable biogas from 
MSW 

Improve waste 
separation and 
collection 

PMC 10 2019-2020 

Waste Logistics PMC; Unicamp; 
private sector 

1 2019-2020 

Biogas generation 
in landfills 

PMC; private sector 30 2020-2035 

Biogas: further 
investments 

PMC; private sector 50 2035-2050 

Recycling of easily 
managed residues 
(garden/food) 

Organic fertilizer 
(composting) and 
testing 

PMC, IAC, Unicamp 2 2017-2020 
(already 
initiated) 

Adding Sewage 
sludge to 
composting and 
testing 

PMC, IAC, 
Unicamp, Private 
companies 

2 2019-2020 

Upgrading to 
organo-mineral 
fertilizers 

Private companies, 
PMC, IAC, 
Unicamp; Embrapa 

4 2020-2025 

Transfer activity to 
private grounds 

Private companies  2022-2030 
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Goal What Who (1) 
Investment 

(MR$) (2) 
When 

Fuel derived from 
residues (FDR) 

Set up of structure 
and investments 

PMC; private 
companies 

50 2020-2035 

FRD further 
investments 

Private companies 20 2035-2050 

     

Biogas from vinasse Technological 
issues:  

   

Improving 
fermentation: 
concentrated 
vinasse; co-
digestion 

Unicamp; private 
companies 

5 2018-2025 

Pilot plants (scale 
up)- tower 
biodigestion 

Unicamp; private 
companies 

5 2020-2025 

Scale up to 
operation 

Private companies 5 2022-2030 

Lagoon 
biodigestion 

Unicamp; private 
companies 

10 2020-2030 

Recycling vinasse Fertilizer from 
biodigested 
vinasse. Lab and 
field tests 

IAC, Unicamp, 
Embrapa 

3 2020-2025 

Fertilizer from 
biodigested 
concentrated 
vinasse. Lab and 
field test 

IAC, Unicamp, 
Embrapa 

3 2020-2035 

   200  

 
(1) PMC: Campinas municipal government; other government and regulatory bodies also involved here;  Private sector (see list of 
companies, associations and industries listed in the Report); IAC, Unicamp and other academic institutions: research and 
technological developments, preferably in partnership with the private sector. Involvement of academic institutions implies 
Agropolo activity. 

(2)  Investment needed is rough estimate. Better calculations were not possible at the workshop and following sections. Funding of 
projects will come from research funding agencies, involved governments, and the private sector.  
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Agropolo Recycling Green Project 
The Agreement between the Campinas City Administration and IAC established the Recycling Green 

project. An aerobic composting site will be built at the IAC Campinas Experiment Center, in an area of 5.6 

ha. Garden and food wastes, previously selected at the collection points, will be pre-treated at the site, 

chopped and composted to produce 70 t/day of organic fertilizer. The project will include research 

activities by scientists from IAC, APTA and UNICAMP, to study how to improve composting conditions and 

reduce composting time, improve organic fertilizer quality, find use options for the generated compost, 

and to calculate the environmental impact of the whole operation: reduction of greenhouse gas 

emissions, nutrient recycling, among other things. 

In a second phase of the project, sewage sludges produced in Campinas will be also included in the organic 

fertilizer project. 

In the future, private companies may join the initiative or take over the operation, expanding the portfolio 

of products generated, including bioenergy 

 

Figure 16. “Recycling Green project”. Location, at the 

Campinas Experimental Center, IAC, of the future 

composting and recycling site for city garden residues 

and food waste residues from the central food 

distribution center of Campinas. The estimated 

amount of residue to be processed at the site is 85 

t/day (25 of garden wastes and 60 of food wastes). 

The agreement between IAC and the Campinas 

Municipal Administration was established as part of 

Agropolo project. 
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Figure 17. Newspaper clipping highlighting the Recycling Green project, the first of the Agropolo Platform. Correio 
Popular, 27 June 2017. 
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