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Main NEST Published Papers in Biomass Energy Conversion

Evaluation of the quality of the producer gas in a two-stage, air supply downdraft gasifier.
The gas composition and its lower heating value were also determined. Experimental tests
were performed varying the operating conditions of the gasifier: the air flow between 18
Nm3/h and 22 Nm3/h. The results show that a fuel gas, with tar and particulate matter
content of 54.25±0.66 mg/Nm3 and 102.4±1.09 mg/Nm3, respectively, was obtained, for a
total air flow rate of 20±0.45 Nm3/h and an air ratio, between the two stages, of 80%. For
these conditions, the lower heating value of the gas was 4.74±0.5 MJ/Nm3.



Main NEST Published Papers in Biomass Energy Conversion

The performance of a spark ignition internal combustion engine fueled with synthesis
gas (syngas) from biomass gasification was evaluated using an analytical mathematical
model. The model predicted of the internal temperatures profiles, heat flow, as well as
the work and pressure in relation to crank angle. It was used also to evaluate the
influence of the rotation speed, the air ratio and the ignition timing on the engine
indicated power. It was found that when feeding the engine with syngas, a power output
between 59 and 65% could be obtained, in comparison it’s powered by gasoline.



Main NEST Published Papers in Biomass Energy Conversion

Thermodynamic analysis, of both the first and second law of thermodynamic of two
different technologies (ORC and Kalina cycle) for power production through an enhanced
geothermal system. In order to find a better performance of both thermal cycles it were
evaluated 15 different working fluids for ORC and three different composition of the
ammonia-water mixture for the Kalina cycle. At the end the two cycles was compared using
an economic analysis with the fluid that offers the best performance for each thermal cycle
which are R-290 for ORC and for Kalina cycle a composition of the mixture of 84% of
ammonia mass fraction and 16% of water mass fraction.



Main NEST Published Papers in Biomass Energy Conversion

The paper analyzed the economic feasibility of electricity generation using the residues from the
exploitation of Assaí. The electricity generation cost for a 1 MW conversion systems, considering
5.5 US$/ton biomass price, were evaluated: conventional steam cycle with backpressure turbine
(66.97 US$/MWh), steam cycle with extraction condensation turbine (92.11 US$/MWh), Organic
Rankine cycle (122 US$/MWh) and a gasifier/ICE set (102 US$/MWh). Based on financial
performance, backpressure steam turbine was the best option, and gasifier/ICE should be
further considered due its operation flexibility. For any system, minimal electricity
commercialization price for economical feasibility found was 150 US$/MWh.



Main NEST Published Papers in Biomass Energy Conversion

A mathematical model was developed to predict steady state performance of a biomass
downdraft gasifier/spark ignition engine power system. A mathematical model of the
integrated system consists of two parts: the fixed bed downdraft gasifier and spark
ignition internal combustion engine models. The numerical results obtained using the
proposed model are in a good agreement with data produced with the use of other
theoretical models and experimental data published in literature. The proposed model is
applicable for modelling integrated downdraft gasifier/engine biomass energy systems
and can be used for more accurate adjustment of design parameters of the gasifier and
the engine in order to provide the higher overall efficiency of the system.



Main NEST Published Papers in Biomass Energy Conversion

Experimental study of the gasification of a wood biomass in a moving bed downdraft reactor with
two-air supply stages. The gasifier produces a combustible gas with a CO, CH4 and H2
concentrations of 19.04%, 0.89% and 16.78% volume respectively, at a total flow of air of 20
Nm3/h and an air between stages of 80%. For these conditions, the LHV of the gas was 4539
kJ/Nm3. Results from the calculation model show a useful gas power and cold efficiency around 40
kW and 68%, respectively. The resulting ER under the referred operation condition is around 0.40.



Main NEST Published Papers in Biomass Energy Conversion

It was carried out an evaluation of the quantities of organic residues coming out from the sugar
and alcohol industry (stillage), Municipal Solid Waste (MSW) and liquid wastes (sewage) and
livestock residues (bovine and swine manure) in Brazil. Finally the electricity generation
potential of biogas out of the evaluated sources of organic residues in Brazil was estimated. The
results of this study indicate that the potential regarding the production of biogas out of the
aforementioned organic residues of electricity production using could meet an energy demand
of about 1.05 to 1.13 %. Constraints for biogas energy utilization was identified and discussed.
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Scheme of the system boundary of the ethanol production from 
sugarcane. 



Scheme of the system boundary of the biodiesel production from 
soybean



Scheme of the system boundary of the biodiesel production from palm 
oil



Global Warming Potential in life cycle of ethanol production



Human Toxicity Potential in life cycle of ethanol production



Acidification Potential in life cycle of ethanol production



Eutrophication Potential in life cycle of ethanol production



Global Warming Potential in life cycle of biodiesel production



Human Toxicity Potential in life cycle of biodiesel production



Acidification Potential in life cycle of biodiesel production



Eutrophication Potential in life cycle of biodiesel production



Net Energy Ratio of Biofuel



Net Energy Ratio Total



Existing Tools and Constraints in Biofuels Analysis 

Claims related to the negative consequences of biofuel programs are frequent; mainly those
related to the biofuels/food competition and sustainability. This work contributed for the
development of a framework for sustainability indicators as a tool for performance assessment.
The most used indicators to measure the biofuels sustainability are: Life Cycle Energy Balance,
quantity of fossil energy substituted per hectare, co-product energy allocation, life cycle carbon
balance and changes in soil utilization. LCA’s of biofuels was compared emphasizing their
advantages and disadvantages. Main constraints related to the studied frontiers, as well as the
lack of reliable data and their effects was also discussed. Suggestions and recommendations
were made to improve existing methodologies for biofuels sustainability evaluation.



• Productivity: depends on the type of biomass crop, related with the efficiency of
the soil utilization. The specific productivity (kg/ha) of the first-generation biofuels
vary in a wide range.

• GHG emissions: considering that the main justification for biofuel production
expansion is the global warming mitigation, it is necessary to verify to which extent
the production of a biofuel really reduces the GHG emissions.

• Land use and carbon stocks changes: soil organic carbon is of global importance
because of its role in the global carbon cycle and, therefore, in the mitigation or
worsening of atmospheric levels of GHG.

• Fertilizer efficiency: a fraction of the applied fertilizers can be transferred by
volatilization to the atmosphere, some of their constituents having a high GWP such
as N2O.

• Co-product and residues utilization: as fertilizer, energy, animal feeding, production
of chemicals, etc.

Sustainability of biofuels is a multicriterial approach



• Potential for cropland expansion (marginal and low productivity soils):
assessment of the world agro-ecological productivity shows a potential of 700–
800 million of hectares available for bioenergy productions.

• Impacts on water resources (water depletion): the production of biofuel
feedstock and its industrial processing consumes considerable amounts of
water.

• Soil: soil degradation by erosion and salt increase.

• Impacts on biodiversity: this is related with habitat degradation of many
species due to deforestation and other land use changes.

• Costs: balance between biofuels cost of production and market prices.

• Land use: the need of land for other human activities besides energy
production, especially for food production.

• Social issues: working conditions, rural development, food prices, impact on
communities.

Sustainability of biofuels is a multicriterial approach



This work carried out a assessment of the causes of the rise in the demand and
production of biofuels. It was discussed different vegetable raw materials sources and
technological paths to produce biofuels, as well as issues regarding production cost and
the relation of their economic feasibility with oil international prices. The environmental
impacts of programs that encourage biofuel production, farmland land requirements and
the impacts on food production are also discussed, considering the LCA as a tool. It was
concluded that the rise in the use of biofuels is inevitable and that international
cooperation, regulations and certification mechanisms must be established regarding the
use of land, the mitigation of environmental and social impacts caused by biofuel
production. It is also mandatory to establish appropriate working conditions and decent
remuneration for workers of the biofuels production chain



Life Cycle Energy Analysis of Biodiesel Production

The Output/Input energy relation in the biodiesel production life cycle can be an
important indicator of the techno-economic and environmental feasibility evaluation of
production of biodiesel from different oleaginous plants. Due to increasing environmental
concerns about the emissions from fuel-derived atmospheric pollutants, alternative
sources of energy have been receiving greater attention. This work does not look to carry
out a complete LCA but rather just to focus on the energy balance in the Palm Oil-Derived
Methyl Ester life cycle, taking into account practices in Brazil and Colombia. This work will
show the differences between the results attained for the two cases. The Output/Input
energy relation for the evaluated case studies ranged from 3.8 to 5.7, with an average
value of 4.8.



PME System Boundaries



Energy Consumption related to Fuels and Agrochemicals for 
Agricultural Stage Production of Biodiesel



Energy Consumption related to Fuels and Steam/Electricity for 
Transesterification Stage to Biodiesel Production



Energy consumption in methanol, steam and electricity in the 
transesterification stage
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This work compared from a techno-economic and environmental point of view, different
alternatives to the energy recovery from the MSW generated in Brazilian cities. The
environmental analysis was carried out using current data collected in Betim, a 450,000
inhabitants city that currently produces 200 tones of MSW/day. Four scenarios were
designed, whose environmental behavior were studied applying the LCA methodology. The
results show the landfill systems as the worst waste management option and that a
significant environmental savings is achieved when a wasted energy recovery is done. The
best option, which presented the best performance based on considered indicators, is the
direct combustion of waste as fuel for electricity generation.



Energy and economic performance for the 100,000 inhabitants case 
(landfill option)



Energy and economic performance for the 500,000-inhabitant scenario 
(landfill option)



Energy and economic performance for the 1,000,000 inhabitant’s 
scenario (landfill option)



Results of the Waste-to-Energy facility cases 



Life Cycle Assessment Boundaries of the Scenario 1



Life Cycle Assessment Boundaries of the Scenario 2, 
3 and 4



Emissions characteristics of biogas combustion in different systems 



LCA characterization for evaluated scenarios



The biorefineries can reach the higher overall yield from the raw materials, with the lowest
environmental impact, at minimum energy input and giving the maximum of the energy
output. The biorefinery is the true valuable option of a wide diversification, with by-
products like the single cell protein and biogas from the distillery stillage, new oxidants like
methanol, second generation biofuels, biobutanol, etc. In this context this paper presents a
study of five different configurations of biorefineries. Each case study being a system based
on an autonomous distillery or sugar mill with an annexed distillery and coproduction of
methanol from bagasse. The paper includes the use of sugarcane harvest residues (mainly
sugarcane trash) and a BIG–GT plant as alternatives to fulfill the energy demands of the
complex



Environmental impacts of the products by impact category



International Sugar Journal, Vol 112, Issue 1343, 2010.

This work shows the results of the application of the LCA methodology for the analysis and
comparison of four alternatives for stillage treatment and disposal: conventional “in
natura” fertirrigation, anaerobic digestion, concentration until 40% for fertirrigation and
concentration until 65% for combustion in boilers using fuel oil as supplementary fuel. The
milling capacity of 1.99 million tonnes of sugarcane per crop, producing 154,000 tonnes of
sugar and 81,000 m³ of ethanol. The mill is located near the city of Sertãozinho, Brazil and
local soil characteristics were also considered. The Simapro software and the CML 2
baseline 2000 are used as support tools. Conventional and concentrated stillage
fertirrigation alternatives have the best environmental performance. In the combustion of
stillage, we considered the installation of pollution control devices for SOx and NOx with
95% efficiency. From the point of view of climate change, based on the life cycle
greenhouse gases balance, the best alternative was anaerobic digestion.



Scheme of the Fertirrigation Scenario



Scheme of the Anaerobic Digestion Scenario



Scheme of the Concentration up to 40% Scenario



Scheme of the Concentration up to 65% and Combustion With 
Auxiliary Fuel Scenario



Rate of emission of CO2–equivalent in function of the electricity 
exported for the public grid

Energy Balance of Evaluated Stillage Disposal Scenarios



Characterization of the Environmental Impacts of the Considered 
Scenarios



Percentile Comparison of the Contribution of Each Evaluated Scenario 
in Each Impact Category



Conclusions

• The world population, requirements for food and feed permanently increases. This
creates growing demands for production and consumption of biofuels in the last years.
While high oil prices favored this growth, it was also supported and drove by policies
such as mandates, targets and subsidies catering to energy security and climate change
considerations.

• To evaluate the biofuels sustainability it must be done serious, multidirectional and
holistic evaluation and comparison of the environmental life cycle impacts,
complemented with an energy balance of biofuels.

• It must be identified the intensity and interrelations of aggressions, the environment
has suffered several detrimental effects, as a consequence of the production of
biofuels. The results are a useful reference for future scientific works related to the
development of new technologies and/or an effective adequateness of the existing
ones, for the production of biofuels, with higher efficiency, effectiveness and safety,
looking for a true sustainability.

• The role of the transportation of the crops, from the field to the factory, in the total
environmental impact, making the distance a limiting factor and showing clearly the
need to give priority to the development of ways and means to reduce it.



Conclusions

• In the cradle-to-gate LCA it is observed that the consumption of fossil fuels is associated
with several impacts, such as, Abiotic Depletion and Global Warming Potential that
indicates the necessity to reduce it in logistic and industrial stages, adopting other
alternatives.

• The use of the co-products and residues of the production of the biofuels, for electrical
and thermal energy, through cogeneration, to be used in the processes, improve the
ecological and economic benefits, increasing the appeal of biofuels. The use of co-
products in process, to generate steam and electricity, results in good indicators because it
decreases or cancels the external dependence of fossil fuels and electricity, and allows the
supply of renewable electricity or fuels to use in other process. This practice could, in
some cases, represent the satisfaction of 85 to 95% of the total energy demand.

• A wide range of high added value products such as enzymes, organic acids, biopolymers,
electricity, and molecules for food and pharmaceutical industries could be obtained
upgrading of industrial co-products of biofuels production (BIOREFINERIES). Further
works are required to have a more realistic consideration of the co-products and biomass
valorization contribution to LCA indicators. The LHV approach for co-products has been
used in real industrial applications process on animal feed and surplus electricity
generation.



Thank you very much for your attention!
Itajubá/MG between the mountains

MSc. Mateus Henrique Rocha
mateus0@yahoo.com.br

The Aristotelian holistic principle: “The whole is grater that 
the addition of its parts”

mailto:mateus0@yahoo.com.br
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