New & Renewable Energy 2025. 3 Vol. 21, No. 1

M) Check for updates

ISSN 1738-3935 (Print)
ISSN 2713-9999 (Online)
https://doi.org/10.7849/ksnre.2025.0008

[2025-3-S-WE-003]

Lab—scale Eﬁ% HIS7|0A B3I
|

2zjo| &

Sangkyu Choi"?

Bt i

" . Yeonwoo Jeonga) - Soyoung Han”

Received 11 February 2025 Revised 4 March 2025 Accepted 5 March 2025 Published online 25 March 2025

ABSTRACT The pyrolysis characteristics of barley and wheat straw were studied in a lab-scale fixed-bed reactor at various

temperatures. The maximum bio-crude oil yields from barley and wheat straw were 41.01% and 47.16%, respectively. The bio-crude
oil yield of barley straw increased with temperature while that of wheat straw decreased in the temperature range of 400-500°C. The
higher heating value of the bio-crude oil was approximately 10 MJ/kg, which is much smaller than that of the feedstock. The reason
for the decrease in the calorific value of bio-crude oil during pyrolysis is thought to be the high ash content of the biomass. It is known
that ash has catalytic effects that promote secondary reactions of pyrolysis gas, which can lead to high water content. The catalytic
effect of ash can also reduce bio-crude oil selectivity during the pyrolysis process. Therefore, to maximize the bio-crude oil yield and
improve its heating value in the pyrolysis of agricultural residues, it can be suggested that pretreatment of the biomass should reduce
the ash content or that the pyrolysis condition should be controlled to minimize the secondary reactions.
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Fig. 1. Feedstock of barley straw (a) and wheat straw (b)
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Table 1. Properties of barley straw and wheat straw

Properties Saiy e Sawdust?”
straw Straw
Volatile 69.80 | 7257 84,51
Proximate (wt%)

analysis | Fixed carbon

(Dry basis) (Wt%) 16.50 17.93 15,37

Ash (wt%) 13.70 9.50 0.12

HHV (MJ/kg) 17.37 18.30 18,43
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Table 2. Elemental analysis of barley straw and wheat straw
(Dry and ash—free basis)

Element (Wi%) | Barley straw | Wheat straw Sawdust®”
C 39.99 39.92 52.29
H 5.16 5.09 6.06
0 52.70 53.10 41,55
N 2.15 1.89 0.1
S 0 0 0

*By difference
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Fig. 2. Schematic of the experimental setup
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Table 3. Elemental composition (wt%) of bio—crude oil of
barley straw and wheat straw (Ash free basis)

Feedstock | T (°C) C H o* N S
400 | 2625 | 9.28 | 6292 | 155 | ©
Barley 00 94,61 | 9.08 | 65.29 | 1.02 0
straw
500 | 23.99 | 875 | 66.44 | 0.82 | 0
400 | 24.76 | 7.98 | 67.25 | 071 | ©
Wheat 0 05 45 | 9.01 | 63.95 | 159 | 0
straw
500 | 24.00 | 7.50 | 67.75 | 075 | 0

*By difference

Table 4. Elemental composition (wt%) of biochar of barley
straw and wheat straw (Dry and ash—free basis)

Feedstock | T (°C) C H o* N S
400 | 5850 | 311 | 3687 | 152 | o
Barley 0 150,78 | 2.80 | 35.93 | 1.49 0
straw
500 | 5795 | 2.30 | 38.20 | 1.55 | ©
400 | 62,62 | 3.37 | 3244 | 157 | 0O
Wheat ™ 0 50.88 | 2.83 | 35.84 | 1.45 | 0
straw
500 | 60.80 | 2.48 | 35.24 | 1.48 | 0

*By difference
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