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Greenhouse gas emissions



Biofuelsfossil fuel substitution
Holly K Gibbs et al2008 Environ. Res. Lett. 3

Annual biofuel carbon saving (tons C/ha/year)

Biofuelsmay substitute fossil fuels but not sequester carbon



Biofuelscarbon debt
Holly K Gibbs et al2008 Environ. Res. Lett. 3



Biofuelsconsiderations

Induced land use change

The need to double food production until 2050 Tilmanat al. 2001, Science 292

Dependency on non-renewable resources (fossil fuels, rock phosphate, Hall 

and Hall 1993, Cordell et al. 2009)

Environmental changes
Åsoil degradation
Åclimate change

Importance of Waste Biomass Utilization!
Biofuels, Carbon Sequestration and Soil Restoration



Waste biomass or wasted biomass

Fast growing biomass supply

Conditions for Biochar Carbon Sequestration



Conditions soils

ÅLow CEC and importance of SOC
ÅAcidity
ÅFast decomposition of labile SOC

78 million ha of land is severely damaged in Indonesia (Ministry of 

Forestry Indonesia (2009)

= completely depleted function of:
ÅWater retention
ÅErosion control
ÅNutrient cycling
ÅClimate regulation
ÅCarbon accumulation



Conditions for Biochar Carbon Sequestration

Maximizing fuel use to avoid deforestation?
Åbiochar contains 50% of the C and 50% of the energy
ÅAlternative fuels?

Is Biochar always the best option?



A living tee can do more for the climate than biochar
ÅConservation of the carbon stock
ÅLocal soil protection and climate regulator

Conditions for Biochar Carbon Sequestration



Conditions for Biochar Carbon Sequestration

Biochar from alternative 
fuels distributed evenly 
in the landscape would 
not increase C and hardly 
impact soil fertility.

Crop residues are in use



Palm Oil Sector



Palm Oil Sector

Sheilet al. (2009) based on data from FAOSTAT



Empty fruit bunches 1.55 Mg ha-1 yr-1

Fiber 1.63 Mg ha-1 yr-1

Shells 1.10 Mg ha-1 yr-1

(Yusoff2006).  

10.4 Mg ha-1 yr-1 pruned fronds 
and
90 Mg ha-1 palm trunks and 
fronds at renovation, every 20 to 
30 years (Yusoff2006)

Palm Oil Sector



A Mill with a capacity of 
60 Mg FFB h-1

Generates 83,000 Mg yr-1 

EFB



Accumulating biomass
ÅNutrients leached and lost
ÅDiseases & pests
ÅCarbon released as CO2 and CH4

Palm Oil Sector waste biomass



< 50% of the carbon used for energy production



Biomass Biomass

Mg ha-1 yr-1

Biochar ςC1

Mg ha-1 yr-1

CO2

Mg ha-1 yr-1

At the mill

EFB8%of FFB(dryweight) 1.55 0.33 1.21

Fiber8 %of FFB(dryweight) 1.63 0.34 1.25

Shell5.5%of FFB(dryweight) 1.10 0.23 0.84

Totalat the mill 4.28 0.9 3.30

In the field

Fronds3 11.4 2.39 8.77

Trunks4 3.02 0.63 2.31

Frondsandrachis4 0.58 0.12 0.44

Total in the field 15.00 3.14 11.52

Total (mill + field) 19.28 4.04 14.82

Biomassdata from Yusoff(2006) andSheilet al. (2009). 1Biochar-Carbonassuminga conversion
efficiencyof 30% and a mean carbon content of 70. 2The dry weight of fronds from annual
pruning,3every25 yearsat renovation(75.5 and14.4 Mg ha-1 25yrs-1)



EFB1 EFB2

Carbonized

EFB 

Compost1

N (%) 1.25 1.45 2.86

P (%) 0.11 0.31 0.34

K (%) 2.07 5.93 2.30

Ca (%) 0.42 0.54 1.27

Mg (%) 0.20 0.40 0.63

Table 2 Nutrient concentrations in EFB, carbonized EFB and EFB Compost

1Source (Salétes et al. 2004b) co-composted with nutrient rich 
POME, 2Carbonized at 500°C University of Georgia

Palm Oil Sector nutrient cycling



7 yrs

Paraserianthes falcataria

2 yrs

Acacia mangium

2 yrs

Wood Plantations



Wood Plantations residues (8 yrs rotation)

56.4 Mg ha-1

(Hardiyantoet al. 
2000)

28.2 Mg ha -1 suitable 
for biocharproduction 
(Okimoriet al. 2003)

5640 Mg of biochar= 
17,000 Mg CO2
1000 ha yr-1 and a 
carbonization efficiency of 
0.2 , 0.7 Mg ha-1 yr-1)




