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The IEA Bioenergy Technology Collaboration Programme (TCP) is organised under the auspices of the International Energy Agency (IEA) but is functionally and legally autonomous. Views, findings and publications of the IEA Bioenergy TCP do not necessarily represent the views or policies of the IEA Secretariat or its individual 

member countries.

https://www.ieabioenergy.com



y = 0.0928ln(x) + 0.0861

R² = 0.8395
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Source: Data compiled from multiple sources by World Bank
OurWorldInData.org/energy • CC BY

Human Development Index (HDI)

Health

• Life expectancy at 
birth

Education

• Mean years of 
schooling

• Expected years of 
schooling

Living standards

• Gross national 
income per capita



Bioenergy can play a critical role in supporting 

sustainable development 



Bioenergy is critical to secure a renewable energy matrix



Bioenergy is a clean source of energy produced from biomass – wood, 
energy crops and organic wastes and residues. Biogenic carbon, 
captures CO2

Biomass can directly or indirectly be converted into biofuels which can 
be of solid, liquid or gaseous forms. Flexibility, different 
applications 

Currently, over 85% of biomass energy is consumed as solid fuels for 
cooking, heating and lighting, often with low efficiency. Traditional 
bioenergy (fuel wood, charcoal which can only deliver heat) dominate 
bioenergy consumption in developing countries. 
Big transition that affects energy access

On the other hand, modern bioenergy relies on efficient conversion 
technologies increased over recent years, especially in OECD 
Countries.
New more efficient tech available with high TRL and low costs

The production of biomass implies cultivating land with the use of best 
management practices to increase environmental and climate benefits 
while avoiding negative impacts.
Opportunity for modernization of agriculture and land use 
innovation

What is Bioenergy?



Current status
World total energy supply by source
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World demand includes international aviation and international marine bunkers. Peat and oil 
share are aggregated with coal. Other includes solar, wind, tidal, geothermal, and others.

50 years



https://www.irena.org/Digital-Report/World-Energy-Transitions-Outlook-2022

Substantial growth in the 
use of bioenergy by 2050
towards sustainability and 
modern applications

How much do we need
World total energy supply by source to keep under 1.5oC



https://www.irena.org/Digital-Report/World-Energy-Transitions-Outlook-2022

Road and aviation transport 
will use biofuels to displace 
fossil fuels

Needed energy for transportation 
World total energy supply by source to keep under 1.5oC



https://www.irena.org/Digital-Report/World-Energy-Transitions-Outlook-2022

Chemical and petrochemical 
industries will play a key 
role in the use of modern 
bioenergy in the future

Needed energy for industry 
World total energy supply by source to keep under 1.5oC



https://www.irena.org/Digital-Report/World-Energy-Transitions-Outlook-2022

• IRENA 1.5 = IRENA 1.5°C Scenario
• IPCC = IPCC 1.5°C Special Report
• IEA NZE = IEA Net Zero Emission Scenario
• BP 1.5 = BP 1.5°C Scenario (BP, oil and gas company)
• Shell Sky 1.5 = Shell Sky 1.5°C Scenario (Shell, oil and gas company)
• ETC = Energy Transitions Commission

Is the role of bioenergy in the 
energy transition being minimized 
in forecasts by some agencies?

Need to multiple by 4-6 x 
World total energy supply to keep under 1.5oC



https://www.irena.org/Digital-Report/World-Energy-Transitions-Outlook-2022



Carbon cycle 

Water cycle 

Nitrogen cycle  

Phosphorus cycle 

Sulphur cycle

The natural nutrient 

(chemical) cycle of 

the abiotic 

components of the 

ecosystem (water, 

air, soil, rock) 

through the biotic 

components (plants, 

animals, fungi, 

bacteria)

Sustainability

means meeting 

our own needs 

without 

compromising 

the ability of 

future 

generations to 

meet their own 

needs



Large Integrated 

Bioenergy Systems

Key material and 

energy flows

SCOPE, 2015
Fig. 6.1







Supply chain



Chemical and
biochemical
processes
Anaerobic digestion
Peletization
Pretreatment
Gasification
Pyrolysis
Hydrothermal
carbonization

Biodiesel
Bioethanol
Butanol
Biogas
Biometano
Green CDR
Solid fuel
Electricity
Syngas
Hydrogen
Biopolymers
Biofertilizantes

Nacional de Resíduos Sólidos
Estadual de Resíduos Sólidos
Nacional de Biocombustíveis –
RenovaBio
Metas compulsórias anuais de 
redução de GEE de combustíveis  
Nacional sobre Mudança do Clima 
Estadual de Mudanças Climáticas –
PEMC
Programa Paulista de 
Biocombustíveis
Estratégia para o Desenvolvimento 
Sustentável do Estado de São Paulo 
Programa Estadual de Contratações 
Públicas Sustentáveis

Sugar
Starch
Oils
Sugarcane bagasse
Vinasse
Municipal Solid 
Waste
Post-consumer 
vegetable oil
Reforestation 
wood
Rice husks
Lignin
Sewage Sludge
Agricultural waste
Agro-industrial 
waste

Biorefinaries Biofuels
Bioproducts

Biomass Policies

Engines
Heavy Vehicles
Fuel Cell
Aviation applications
Marine Applications
Stationary applications

End use

Glaucia M. Souza – FAPESP BIOEN & USP
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BIOFUELS BLENDING MANDATES IN EMERGING ECONOMIES 



Blending is the most common and 
faster way of implementing 
biofuels



Bioenergy is…

BIOMASS

BIOREFINERY AND BIOPRODUCTS

BIOFUELS

END USE

SUSTENTAINABILITY AND IMPACTS

BIOENERGY
TECHNOLOGIES



Energetic Output



Oils

Sugars and starches

Wastes & Residues

Lignocellulosics

Small grains 

(e.g. wheat)

Sweet 

Sorghum

Maize 

(corn)

Sugar cane

Oil

Palm

Jatropha

Soybean

Came-

lina

Maize 

stover

Short rotation

coppice/forest

Perennial

grasses

Sugar 

cane 

bagasse

Cereal

straw

Municipal

Solid waste

Used 

oil

Forest

Residues

Flue 

Gas

Technical 

costsUsage

Transport

Fuels

Development

time Sustainability

Transport

Fuels

Heat & 

Power

Transport

Fuels

Heat & 

Power

Transport

Fuels

L

L

L L-M

L L-H

M-H

M-H

M-H

M-H

H

L

L

H

H

H

L

L

Energy balance – Implementation costs – TRL – Environmental gains

Rapeseed/

Canola

Maize 

grain oil

Technical Costs and Development Time



Life Cycle Analysis
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EXERGETIC ANALYSIS
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ARG  70% 

BRA 
67%

COL 
74%

GUA  66%

ARG 37% 

GHG EMISSIONS – Ethanol compared do gasoline
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ARG  79% 

BRA 
68%

COL 84% 

GHG EMISSIONS – Biodiesel compared do diesel





2.8 billion people use it for 
cooking and heating.
Wood hauling is done mostly 
by women and children

Respiratory illnesses 
1.6 million deaths per year, of 
mainly women and children

30% of the biomass used is 
native vegetation

TRADITIONAL BIOENERGY
Most of the renewable energy we use today comes from inefficient burning of biomass to produce heat

MODERN BIOENERGY
In rural areas, bioenergy can bring access to energy and contribute to poverty reduction 

In Kenya, 1.4 million improved 
cooking stoves saved 
75 thousand Ha 
of forest 

Generating jobs and improving livelihoods  
Improving health and education

Biogas in 5 million homes in India and 15 
million homes in China



Integrated new biorefinery systems are on the way: no carbon waste!



Conversion through catalysts or biocatalystis





IATA member airlines committed to 

achieve net-zero emissions by 2050

65%

13%

3%

19%

Sustainable Aviation Fuel

New technology, electricity and hydrogen

Infrastructure and operational efficiencies

Offsets and carbon capture

More than 

490,000 flights

• 2016: 500 flights

>300 million liters 

produced in 2022

• 2016: 8 million liters

• 2025: ~5 billion liters

7 technical 

pathways

• 2016: 4 pathways

• 2025: 11 pathways

57 offtake agreemets 

since 2022

• 40 publicly announced 

SAF offtake agreemets 

and 17 non-binding 

agreemets

>130 renewable fuel 

projects

• Projects announced 

publicly by more than 85 

producers across 30 

countries

70% CO2 reduction 

(average)

• 2016: 60% reduction

• 2025: 80% reduction

The path to net-zero: Current state of SAF development:



Gasification at 700-850oC, fluidized or fixed beds to create oxidant flow

CH4, CO, H2, other hydrocarbons

CO, H2



Catalytic upgrading of syngas



Fermentation of syngas



URBAN MINING



Fast Pirolysis





Existing pastureland could 

support almost four times the 

numbers of animals. 

40% of pastures have no

livestock on it. 

Bringing the poorest-performing 

pastures up to 50% of their 

maximum attainable density 

would more than double the 

global stock of grazing animals.
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LAND USE

Current land used for biofuels

Sustainability Assessment of ethanol and biodiesel production in Argentina, Brazil, Colombia, and Guatemala
Canabarro et al. 2022; Renewable & Sustainable energy reviews



To duplicate the liquid biofuels Production...
Brazil→ 6.4% of Pastureland

Argentina→ 4.5% of Pastureland

Colombia→ 0.2% of Pastureland

Guatemala→ 10% of Pastureland (only ethanol)

SOIL CARBON STOCKS

Cherubin et al., 2022



RENOVABIO Policy Framework

46



Brazilian 
Energy Mix

01

03

02

0704

05 06
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Largely renewable energy mix|
Electricity mix: 92% renewable
(year: 2022)

Population: 203 million (2022) 
No country with more than 60 
million inhabitants has an 
energy mix with more than 
40% of renewables

19% of the total 
consumed energy
comes from 
sugarcane bagasse

Small land use (7%)

Avoided CO2

emissions in 20 years 
(4 billion trees)

83% of the brazilian
car fleet is flex-fuel

Liquid fuel mix is 28% from 
ethanol or biodiesel



Waclawovski et al., 2010 Plant Biotechnology Journal 8, 1-14 

Sugarcane is the world’s highest tonnage crop but its yields could
go even higher



Domestication and early evolution of sugarcane

Saccharum 

officinarum

Chewing

Saccharum sinence
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(crosses to wild relatives 

natural hybrids)

Sugar extraction
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Interspecific breeding: a major breakthrough in modern sugarcane breeding

Solved some of the disease problems but also provided increased yields, 

improved ratooning ability and adaptability for growth under various stress 

conditions

Genome organization of a

modern cultivar

Each bar represents a

chromosome

Chromosomes in the same

column are homologues
S. officinarum

S. spontaneum

Contributing genera: Saccharum, Erianthus, Miscanthus, Sclerostachya and Narenga

Saccharum genus (six polyploid taxonomic groups): 

Wild species Early cultivars Marginal species

S. spontaneum (2n=40 to 128) S. officinarum (2n= 80) S. edule (2n = 60 to 122))

S. robustum (2n= 60, 80 and up to 200) S. barberi (2n=81-124)

S. sinense (2n=116-120)

Giant Genome (n  750-930 Mpb) Polyploid (2n = 70-120 cromossomos) ~10 Gb





Diniz et al., Int. J. Mol. Sci. 2020, 21, 9124 

Plants re-routing carbon to produce energy
under stress



Monitoring and best management practices are key!







OBRIGADA!

http://glauciasouza.com

http://bioenfapesp.org
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