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Net energy balance of ethanol production from sap squeezed from old oil palm trunks
In this study, a method was developed to estimate the NER or net energy ratio (i. e., ratio of
energy output to energy input) of ethanol production from sap squeezed from oil palm trunks.
A bench-scale shredder and compressed mill apparatus was constructed to squeeze the sap
containing fermentable sugars from oil palm trunks. Energy input and energy output for
squeezing sap were estimated through squeezing trials, and the NER was calculated.
Old oil palm trunks (30-45cm in diameter, 12m in length) were processed into trunk cores
(20cm in diameter, 1.2m in length) by peeling the bark and the outer parts. The total amount
of energy spent for processing was estimated to be the energy input (Table 1). Energy output,
meanwhile, was estimated from the sum of calories derived from ethanol produced from sap
and squeezed residues (50% moisture) (Fig. 1). From the study, it was determined that the
ratio of energy input to energy output was 4.8 (Fig. 2A).
The energy ratio in ethanol from sugar cane was 8.3 because of self-sufficient energy from
bagasse. The energy ratio in ethanol from oil palm sap was also high enough for practical use.
We can estimate the energy from large trunks (40cm in diameter, 10m) by using a multiplying
factor of 33.74 on the trunk core.
Energy for transportation was estimated to be 47.2MJ, based on the assumption that the
distance from plantation to ethanol plant was 8km (Fig. 2B). On the other hand, energy for
cultivation of oil palm was not counted because the materials used were waste products of
palm oil production. Likewise, energy for transportation of trunk cores was not counted
because the materials used were wastes from the timber factory.
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Table1. Energy input involved in squeezing sap (core: 20cm in diameter, 1.2m in length)
core

core

Peeling, kWh

0.24

Sum of energy, kWh

0.64

Shredder, kWh

0.17

Sum of energy, MJ*1

2.3

Mill, kWh

0.23

Total sum of energy, MJ*2

5.8

*1Conversion kWh to MJ: Wh x 3,600s h-1
*2 MJ = (Sum of energy：2.3MJ) x (100/40)

Chips
29.6kg

Total energy*5
32.0MJ

=

Sap 16.9kg
Brix 7.9%
(glucose1.3kg)

&

Residues *2 10.1kg
(Potential Heat*3
76.1MJ)

Ethanol 0.79L
(16.8MJ*1 )

+

Effective heat
(15.2MJ*4 )

Fig. 1. Energy flow in ethanol production and in sap-squeezed residues.
Blue: production Red: energy from production *1 Ethanol: 21.2 MJ L-1, *2 Recovery of the residues
is 80%, *3 Low heat value (LHV) of residues (50% moisture) is 7.5 MJ kg-1, *4 Effective heat is
estimated as 20% of potential heat. *5 Total energy = (EtOH, MJ)+(the residues, MJ)
(A)

(B)
Sap

Chemicals

16.8

Output

Input

Power

5.8

0.41
0.44 計6.65MJ

Ethanol

Transportation

Residues
15.2

Total 32MJ

Input 32MJ/Output 6.65MJ=4.8

547

Output

Input 47

Sap Power

196

46 49 計338MJ

Chemicals

Ethanol

514

Residues

Total 1061MJ

Input 1061MJ/Output 338MJ=3.4

Fig. 2. The energy involved in sap squeezing. (A) Trunk core (20cm in diameter, 1.2m in length);
(B) Total trunk (40cm in diameter, 10m in length). The energy for transportation from plantation
to mill is needed in the case of total trunk.
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