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Embrapa Acre
Embrapa Amapa
Embrapa Western Amazonia
Embrapa Eastern Amazonia
Embrapa Rondonia
Embrapa Roraima
N Embrapa Fisheries and Aquaculture
Northeast
¥  Embrapa Mid-North
¥ Embrapa Tropical Semi-Arid
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» Embrapa Foods and Territories
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® Embrapa Agrobiology

® Embrapa Food Technology
W  Embrapa Dairy Cattle

® Embrapa Agriculture Informatics
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wy Embrapa Environment

e Embrapa Maize & Sorghum
» Embrapa Satellite Monitoring
# Embrapa Cattle-Southeast

Soﬁmrapa Soils
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N Embrapa Rice & Beans % Embrapa Temperate Agriculture
N Embrapa Coffee "N Embrapa Forestry
% Embrapa Cerrados %+ Embrapa South Animal Husbandry & Sheep
"™\  Embrapa Beef Cattle " Embrapa Soybean b 3)
™ Embrapa Vegetables ™ Embrapa Swine & Poultry
¥ Embrapa Pantanal "W Embrapa Wheat
® Embrapa Agroenergy W  Embrapa Grape & Wine i}
® Embrapa Genetic Resources & !
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V Bioenergy in Brazil;

V Which sorghum variety to use and ideotypes,;

V Sorghum products for bioenergy;

V Brazilian examples of bioenergy production (Cogeneration and
Biogas);
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SORGHUM MATERIALS AT EMBRAPA: INNOVATION ASSETS

Grain sorghum

BRS 330 in Rio Verde - GO

Grain for animal feed

Silage for animal feed

in sorghum

Sweet sorghum in sugarcane mill
(cultivars and production systems)

Grain

V Grain yield
V Plant height
V Earliness

V No tanine

V No Lodging

Broom

V Size

V Quality

V Yield

V Loging

V Fotoperiod
Insensitive

Sorghum e; E,’ The con
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Forage Bioenergy
V Green mass V Green mass
V Digestibility  (NDF, V Juice vyield
ADF) V High Sugar
V Protein V IPU
V High% of grain V Fiber
V No Loging V Fotoperiod  sensitivy
V BMR
V Fotoperiod All sorghum
Insensitivy V Drought tolerance
V Milk  production V Disease resistance
V Pests resistance
V Nematode
resistance
V No Loging
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EMBRAPA'S PRIORITIES FOR ENERGY CROPS
Fossil carbon Biogenic Carbon
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2nd Survey of the sugarcane crop (August 2025/2026
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Bioenergy in Brazil
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Bioelectricity /
Steam / Vapor
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Pellets

Sorghum
Biofuel

)

Briquettes

Biogas Bio-oll
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Historical series of grain sorghum in Brazil
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Grain Sorghum for
Ethanol Production

1 ton of grain sorghum

410 Lof 330 kgof
ethanol DDG
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Sorghum Cycle XSensitive * to Photoperiod

Pl- Photo PS- Photo
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Biomass Sorghum Production

Season /cycle Fresh Biomass Dry Biomass
(Days ) (t.ha) (t.ha )

12Season 80 - 120 24 - 36
(Cycle 150-170)

22 Season 40 - 50 12- 15

(Cycle 100-120)
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INDUSTRIAL PARAMETERS FOR BIOENERGY SORGHUM

The interaction of:
Brix
Total Sugars
Fiber
Juice Extraction
Sugar Extraction
extracted from sor g hum

Sample Shredder and
Homogenizer

stalks during the maturity
phase at 7 or 14 day
intervals for the varieties
Rio and Wray grown in
Brazil.

The hydraulic press
exerts a pressure of
250 kgf/cm 2 on the
sample for one
minute .

HYDRAULIC PRESS I
(CONSECANA, 2015 )
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FIBER PERCENTAGE IN BIOMASS (WHOLE PLANT) OF DIFFERENTS %
SORGHUM GENOTYPES

FIBER (%)

130 DAP 160 DAP

CMSXS5017 12
CMSXS5029 12
CMSXS5020 12
CMSXS5035 13
CMSXS5037 13

Genotype

Sweet Sorghum

dd y Juice - stem

CMSXS5021 18
CMSXS5039 22
CMSXS5041 19
CMSXS5043 18

BRS/716 21

Biomass Sorghum

QY Y Y QT T T T O
N
N O

O T O O|Md —h —Hh —h —

Ve . o . o
Minimo 11 12 DD ou D_y Pithy ydry stem
’ .
Maximo 22 27 2024/2025 harvest, in Sete Lagoas, MG ]
“HESE 1 Means followed by the same lowercase letter vertically are equal to each other by the Scott-Knott test (1974) at 5% probability. Y
I
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Juice extraction (%) from different Sorghum Genotypes
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Genotyps 130D ..A- .
Small mill Small mill §Hydraulic press
CMSXS5017 27.99 a B Af1952 a B§61.33 b
CMSXS5027 24.45 a B AJl18.66 a B§69.67 a A
CMSXS5020 25.78 a B AJl14.88 a B§68.53 a A
CMSXs5035 32.85 a B A§20.26 a BJ69.33 a A o Sweet Sorghum
CMSxs5037 25.86 a B A0§20.06 a B|69.33 a A | ddyJuice -stem
CMSxS5021 5.66 b B Al 478 b BJ57.67 c A
CMSXS5039 10.65 b B Al 877 b BJ53.00 d A
CcMsSxs5041 13.73 b B Al 637 b B§51.00 d A
cMsxs7500 10.15 b B Al 875 b B c A
BRS716 5.12 b B Al 579 b B d A
. N Biomass Sorghum

DD ou D_y Pithy ydry stem

2024/2025 harvest, in Sete Lagoa

1 Means followed by the same lowercase letter vertically are equal to each other by the Scott-Knott test (1974) at 5% probability.
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Period of Industrial Utilization (PIU)

—=— BR506
-— BR509
—A— BR511
—%— BR508

= concentragao minima
de agucar total

Minimum Parameters for
PIU it
Total sugar (% juice ): > 12,5% 3 "
Extracted sugars (hyd. press): - e 3 TTTT
>80 Kg T - § 120—: /W
Period > 30 dias g
(High Sucrose Desirable  V ]
Promotes longer PIU); 0
Necessary for Industrial 04—

70 g0 90 100 110 120
Tempo (dias)

Planning
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- Genotipos Times Glucose Fructose Sucrose TSS TRS ETY*

Pe rlOd Of (mg.mL?)  (mg.mL?*) (mg.mL?*) ©°Brix (mg.mL™) (L.t
| _I nd PStr'aI CMSXS5041  1-110DAP 1301 11,62 18,88 6,80 4450 2451
Utilization (PIU) CMSXS5041  2-120DAP 10,22 8,03 2226 653 4168 22,96
CMSXS5041  3-130 DAP 16,38 12,83 53,81 10,97 85,84 47,28

Sugar composition in

the extracted juice; CMSXSSOITRREEISOIDAR
CMSXS5041 6 - 160 DAP
TRS - Total recoverable CMSICSTE A 0IDAR
sugars per ton of CMSXS5041 8-180 DAP
sorghum; = LodRelime e 72 11,78 6,89 540 32,75 18,04
EReTie 2-120DAP 15 b5 12,22 2999 7,00 59,34 32,68
Theoretical Ethanol BRS716 3-130DAP 15 24 12.26 28.10 8,10 57.07 31.43
yield BRS716 4 - 140 DAP
BRS716 5-150 DAP
Crop Season 2023/2024 BRS716 6- 160 DAP
BRS716 7-170 DAP
Sete Lagoas -Mg BRS716 8- 180 DAP

CAMPAIN FINANCED THE EUROPEAN UNION SUPP@""
WITH AID FROM CAMPAIGNS THAT PROMOTE

THE EUROPEAN UNION QUALITY AGRICULTURAL PRODUCTS.
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Challenges: Lodging Resistance

Susceptible to lodging

—=— BR506
Acamamento da variedade ¢ :222?
180 — 'F BR 506
f . —k— BR508
170 - :
160 !
150 '
4 L]
140 concentragao minima
130 de agucar total
5 i
‘9 120 .
) 110 N
2 100
& 90 -
1} ]
E,_ 80 N
70
60
50
40
. . Ny 77777 T T T
ReS|Stent to |0dg|ng 70 80 90 100 110 120 130 140 150 160 170 180
Tempo (dias)
Fernandes et al., 2014
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NIR Analysis for characterization of sorghum genotypes
for sugar, cellulose, hemicellulose, lignin and Biogas
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Microchemical Journal 134 (2017) 125-130

Contents lists available at ScienceDirect

Microchemical Journal

journal homepage: www.elsevier.com/locate/microc

‘ Near infrared spectroscopy determination of sucrose, glucose and @Cmm
fructose in sweet sorghum juice

5

Maria Licia F. Simeone **, Rafael A.C. Parrella?®, Robert E. Schaffert ?, Cynthia M.B. Damasceno 2,
Michelle C.B. Leal 2, Celio Pasquini ®

* Embrapa Milho e Sorgo, MG 424, km 45, 35701-970 Sete Lagoas, MG, Brazil
b University of Campinas, Chemistry Institute, C. P 6154, 13083-970 Campinas, SP. Brazil

Valores preditos (%)
b}
T
2
o

?
aor 2 - 1
o 0 o
o D@ o
B 4 o ° 1
o
2 L L L L L P S S S N S ST S T S
o 25 30 35 <0 45 50 70000 2500 9200 8500 8400 8000 7600 7200 6800 6400 6000 5600 5200 4600 4300 4000
‘alores de referéncia - celulose (%) Numeros de onda (cm ™)
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SORGO BIOMASSA S

BRS 716

A Primeiro hibrido de sorgo biomassa registrado no Brasil

Hﬂ A Etanol 2G: 211 L/t (produtividade biomassa seca: 30 a 50 t/ha)

Etanol 5 ..o
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SORGO BIOMASSA
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Ethanol yields by cellulosic genotype

Hibrid L EtOH/ L EtOH/ L EtOH/
101105 ha SFS ac. ha SFS ac.+bs ha SSF
Couto M. Couto M. Couto M.
Scte Lagoas Minas Sete Lagoas Minas Sete Lagoas Minas
201556(B)002 | 3821,21 Aa 422028 Aa || 11567,86 Aa| 923221 Bb 0288.38 Aa 8286.97 Bb
201556(B)003 | 3715,52 Aa 419627 Aa | 661257 Ab 8080,50 Ab | 7767.84 Ab  8511,44 Ab
CMSXS7027 | 2806,64 Bb 3577.,77 Ab 6671.33 Bb 845930 Ab | 7423,88 Ab 7369.,04 Ac
CMSXS7016 | 3788,22 Ba 4520,18 Aa 7256.25 Bb 9316,34 Ab 0323.90Ba  10330.,07 A¢
BRS716 3976,62 Aa  4401,47 Aa] | 1058797 Aaj 1183846 Aa | 8166,88 Bb 1082036 Az

bmr Sorghum :

0.51 L/kg de biomassa

Biomass Sorghum: 0.35 L/kg de biomassa

Almeida et al. (2019) Characterization of cell wall polysaccharides and cellulosic ethanol potential in genotypes of sorghum biomass.
International Journal of Development Research, v. 09, p. 26810-26820, 2019a.

Almeida et al. (2019) Composition and growth of sorghum biomass genotypes for ethanol production. Biomass & Bioenergy, v. 122,

p. 343-348, 2019b.
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Partnership between EMBRAPA and COCAMAR to use
biomass sorghums for direct b0|ler burnmg

100% Cavaco

FT201_R - Vapor da Caldeira

50% Cavaco e 50% Sorgo

FT201_R - Vapor da Caldeira

oy | - Implementation of a pilot area of 120 ha with
& biomass sorghum in the harvest season
2021/2022.

=g
—te

Pictures: Rusti Federle (rusti.Federle@cocamar.com.br) (HOW many kg of sorghum to produce one t

@ _ En@ a of steam?)
cocamar Adjustments in Harvest and Logistics

188 - Estimate parameters for steam production

COOPERATIVA AGROINDUSTRIAL
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Partnership between EMBRAPA and COCAMAR to use biomas
sorghums for direct boiler burning

Glyphosate herbicide was sprayed using drone after sorghum flowering .

% Umidade (Média)
72.00
70.00
68.00
66.00
64.00

62.00

60.00
58.00
56.00

54.00
06/05/2025 13/05/2025 20/05/2025 27/05/2025 03/06/2025 10/06/20%

Harvesting started 40 days after spraying.

@cocamar  g,mn,
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Sorghum for power/steam C€generat|on

07/07/2022 11.56:00
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Sorghum harvest for energy/steam egeneration

Resultsof biomasssorghumburning in a high pressureboiler for steamproduction at CocamarJuly2022

1 Stable
2 49 51 58 41 49 7425 | 372.9 | Stable
5 59 41 50 39 46 733.83 385.6 Stable
s |__n 20 | =8 39 52 63024 | 416 | Stable
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Physicochemical and mechanical properties of BRS716 Biomass sorghum pellets

Property Unit  Value Property Unit  Value
Diameter mm 6.12 Fixed carbon % 9.0
Length (mean ) mm 14.62  volatile matter % 79.6
Length (max) mm 30.16 Ash % 4.1
Length (min) mm 3.53  Moisture % _
N° de pellets/100g  unity 224 Higher heating

value J/g 17,66
Apparent density g.cm 2 0.658 Lower heating

value J/g 15,26
Basic density g.cm 3 0.775 Erery R denaiy GJ/m

3 10.04

Durability % 98.37 Carbon % 41 .4
Fines <3 mm % 1.63  Hydrogen % 4.7
Sulfur % 0.06 Oxygen % 0.7
Potassium % 1.2 Chlorine % 0.3
Nitrogen % 0.7 [T FROM
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BIOCHEMICAL METHANE POTENTIAL FROM SORGHUM
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Sorghum BRS 716 as an energy crop for
biogas production

Fresh Dry BMP Production Yield

Hybrid DAP Height :
y J Biomass Biomass CH, CH,

(m) (tew-hat) (om-hat) (Lykgs, ™)  (Mm3tle)  (miy.hat)

BRS 716 150 5,1 117,14 39,62 298,35 96,6 11.316

V Sorghum mono  -digestion is viable up to an OLR of 2.5 kg , m-3-d% however, co -digestion with swine manure
stands out as it offers significant advantages for achieving higher OLRs and increased methane production.

LAZAROTO, Ana Claudia. Performance of sorghum BRS 716 as an energy crop for biogas production: monodigestion and co-digestion with pig manure.
2025. 120f. Dissertation (Master's in Biotechnology) - Federal Technological University of Parana (UTFPR).
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Biogas production using co -digestion of sorghum biomass with swine manure
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Biogas production using co -digestion of biomass sorghum with swine manure at
BIOKOHLERant, Toledo-PR (BIOGRASS PROJECT (CNPq

Laboratory vs. Plant Comparison

Productivity | o
- 55 days of processing with silage from BRS
1.0 - :
716 biomass sorghum
SWab 2 Ful Scale‘/ J
. - Harverst 1 61t/ha with 28% of DM
TS - Prodution CH4 = 340 m3N/d (55 days)
Z £
* Before supplying with sorghum: 284 m3N/d
(production with daily supply of swine
0.0 - . manure)
Manure OLR 0,5
The performance of the complete mixing reactor was monitored along with the gradual increase in the
volumetric organicload (VOL)de 0,5gVSL1d1até 3,0gVSL1d". * Volatile Solids l"
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Predicted vs. Reference

Predicted vs. Reference
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FinalRemarksg Take Away

V SorghumHasGreat Potential to Meet the Requirementsfor Grain and forage for
animalfeed, and alsofor BioenergyProductior

V Thegreat productive potential of grain, forage, biomassand sweet sorghummakes
them strategic crops in decarbonization,contributing to the reduction of global
warming.

V We have diferents Typesof sorghum with High Productive and High Quality for
differents proposes(Grain,forage, sweetand biomass)

V We are Interested in Collaborative Research& Development and Business
Opportunitieswith Both Publicand Private Sectors

THE EUROPEAN UNION SUPPORTS
CAMPAIGNS THAT PROMOTE HIGH
QUALITY AGRICULTURAL PRODUCTS.
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Embrapa Team

Name ~  Aea  EMal
FAiffon Kunz, e Industrial Chemist airton.kunz@embrapa.br

ChemicalEngineering analazaroto@ alunos.utfpr.edu.br

‘DeisiTapparo e Agricultural Engineering deisedeisictapparo@gmail.com
_ ChemicalAnalysis marialucia.simeone@embrapa.br

IRafael'Aligusto'da Costearrella ™ Sorghumbreeder rafael.parrella@embrapa.br
IRicardoSteinmetz N chemicaEngineering ricardo.steinmetz @embrapa.br
Impact assessment and rubens.miranda@embrapa.br
economic viability of
technologies
FinancialSupport
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