Z?;A& https://www.amsr.areeo.ac.ir :asw Colw

AERI

Jloyig o (5 slwslo Wi T 35 S Lifg s/ Sul> 33 3 1 (hund ) S gw M g5 (w3 9
rlu\}lg o> 9 *YG»LQJ' gga?}o “W o

F) ‘Aj_LC J._>‘5 ‘Lg))jLMS Lngw.._Mu.w e 05)_? )LJJL_..:‘ 9 ol 56)_250 LgsM‘.) u_.u]x a4 -Y 9 AR
! el oSl Sl oSl s lisioe
VE VDI by e, A YAANT/Y -+ 2l s o5

oS>

Ay (gl Sedgm (i dmy Ldl L ol 00 Csly LacSUla 525 (515 (550 0395 Comn 5 iz £33 (3o 40
J95 a4 Gl plonalig 5 (Sl 51 (S Jlo g i glavgale aialyd Nigd Jiad (Fnj Ch g
03,5 o 395 a1 LB aagi (65,1 ol By 9 85,1 Y gazwe g (g2ned (2 Lulje il
Slmwale sl 3 SoS dmy Ly e/ S iy 1 (a5 G g i (oawy b catllo (5 B Csl
C g (§ymis 383 LT gl Cmil dimwgnl g (DEtalojl ©j90 any (S1you 305 O Lo )3 Jlo g e
AAITY L ol 5 dm plS (G j S g (39505 9 35595 (05959 o205 jlado 45 0> (Ll (fam
i U] g o0 d gl cmwnd § S gt SIS 55 ¢t ] gt BV ] o yd ¢ /YA g ¥/ A N 0/07
shnd (SOCE g 4y Copmind Sy S g Ay BAS AU (] ol 48 el o) 1 558 (39500 1553 S
et LSl oy o (Sl pmt oS gb (galyd Jlo g i (55lwile aial 8 4 CiS (g5 (o0 dougii 4 o]

S o0 AU 55 Sl Mg damtr (S9) Hlowi iy 15U &1 9 AL oo (a5 g

SolS slaejlg

Jle i 2] o oty bgus o s U o5 i 34U

“ ol San l. o

S A 03P
LaSl> 5, olsl (Milledge & Heaven, 2014)
g sl (ol adsl ez ool (ly—ie 4y
Y N JUNIP S WIY-R S S UUWERRGA) | B O RUIE=S N
ML ot &5 Lol cuogad o 5ty
T 7Y 5 o oYU polie coilsl e L

Grdmdllasl g YU sy wgd o1)LS (S25 (3

el 5 51 S el G lie S glnoge 4o

Loyl o,y (gl Dol 5l ooliul (LSl 5 502l

(Galadima & Muraza, 2018) o3 oo —b

VY slmaisS alez S Lol 5l sl lsl

dodio

Esl gy oo jo GlalS slasls ol las

Sg ylaeiils oaas LSS 4y (65,10 A5 el ool

al., 2013)

ad,s by o s slecs g il lgie 4
;‘L_:dg_.w

Aalg¥ oo 0395w ; (Sahebi et

Oly— oo kS slaa—ul 8 5l ool
éj—o) Juds_.u ij_.ma.’) LngCA}H 4 ‘) ody;«_m.:)
(Gollakota et al., 2018)
2 Sl iy Je——nily

Sla—s plow ay o wi 3L5 g bl sy,

e Ol 4 |

http://doi: 10.22092/AMSR.2022.353787.1380
1- Chlorella

Email: morteza.almassi@gmail.com 1 g 005, 55%

Agricultural Mechanization & Systems Research
23(83), 2022

\



VAT Lol E0 ) 3 b/AY 55l /YT ala/ (55,58 yqmuil 305150 5 Wilolus Coliylios

Gil—ogle o nTd 50 (55,1, as ol e
Sl s 9y 5, 9 )2 VY L Jlo g ae
oy sloa 18 S o ol Jsl5 B3>
Gk 3l () SS9 g il oad )13
e anoagicny Jlo g e silwmle wnl )b
Voone oz sl 58 0395l )l 5L ST ool
b oaliiwl anld ol 50 B O

Lo ol 5l s s d Sl o oL Bae

et al,

YN/ 65 (Gali
Y a5l slaaSe5 (Reddy et al,
a5 4 (Sudasinghe

2014)
2013)
2014)

30 slaa

et al.,

CS g ady sl,— (Bi et al., 2015) ‘ﬂfo},,.‘fj).._w
"é)f )l S 4
Ot —oaiS lgausl 51 SO f%H/Lbf)

RS YR WA VC 5 S-S Ry T-NIC w ¥ B

(o oy S 4 sloa oA

) dSgal 6‘)_3 L 9sS ool s 91 b= au
slaclale sloslaiwl L as ol ools jlis 2aow
SO Jb g g5lwale ol o Nacl oglate
o Slos 5y K

s S 5 o S o

L 51 (Y N E=S SR X

S>3, sl (Raslavicius et al., 2014)

ool s L s sla s ,gld Jol—i Ly i
(NI T PRSP IR, NYVIPSCIN. X S FURFIEN 3
J— b () il ol S90S 5

(sl )l o oo jo Ol i d o i

S>3, 6,90 — (Chernova et al, 2017)

sl o o —adxs o (Yang et al, 2020)
als o Lo O 5l ool ul ¢ ugedos 4> 3 YV
l—.’ 4_"“"L°“° )‘> ‘°)‘ SL= JL“’)")TA_"m GJL*“&’L“
s sl el e s e et T S eslinl
(Yang etal., 2022) o.i s S g
45 Sl ol Jlo g pimd g3l ;500 o
B i R
o)y 45 39-d oo Jol> Lagiign g Lol jong S
2 o=l el s e ) Jsaze (S
olese 5ok am ol Jleigynme lagle wl b
59 oo s 535S 5 ea Sy s 4

SIS o S (g pSe—iar Syl g,

.(Jena, 2011)
sbos 39 Ygane Jloigaa silmglas al)b
S8 0 g wgeadw Az 0 YV LY s i STy
15Ty 5o mls ol o JIK_ulKe YO LS ) -
al.,

g (ROSS et

(_g).l._».)éiL_A A_.J)s 6‘)—?‘ t_sl"“ Jj_.«am r:L.& w)

St il Ve la o e e g Ly W/

Gl SL3 sloosgic 25— (590 42

(Chernova & Kiseleva, 2014)

& o) S
A dga > Yo s cgb, o be L a Sl

)) S &

A5 IS

4 a>g L (Viaskin et al., 2017) ceulyl oo,
Sle ¢ oopa 3 ol S0 5 Loy, sl
a8, ol golaidl , L 5l (g5LS hoS 5 7y
lo—dse 5 gl T8, ol e s
Silwmbe alox 5l s bye bog 5 c ) sl —
S g ay Lol ) b 6l f b g 0
Dygmo d (OS5 SiS Al e Bis Lo 4 g
Barreiro et al., 2013; ) cwl a3, LS as o0,

Chen et al, 2014; Gai et al, 2014
.(Sudasinghe et al., 2014; Vlaskin et al., 2017

5 Jloyigyn— gilawmbe ol o5 Yo

Yo (), an (ls5 oo daa ol oo Ly awslie

.b)j o)L..».f:‘ ‘_g))..." d)..m 09— u.uL..:BUYW

1- Dunaliella
3- Schizochytrium
5- Hydrothermal Liquefaction

2- Nannochloris
4- Spirulina

Agricultural Mechanization & Systems Research
23(83), 2022

Y



OlSe2 g (o>

Boigy g dlge
Olg—ie d Loy e/ S5y 5l idllas sl jo
.‘“ O\)lb"

Lng\.\_..J)S el o S| ooj.’:l"

2 ) G
00y Jloyig 0 (53l 5 Lol i
Ao oy e je STy 5 gy dlidy e/ Sl
A Jlao Vb jlad-Leo b ood Lo O+ e

A el id Lo YO Gl ad i A >0y
ool o Ly e Sy 0o o Vel JSiie
55Ty e s g ey hade O Ly St (59
4—?)‘5\‘° ‘)—E;O)H‘SLAQD5MO$MS&;U
W83 Ve 3l e b 0ol Oyl o uga—d
a_8385F 59,0l lnj g yigel > oq_;_;Sra)f
Sl Gl i sy9 Lo sl jo s o bass
o Jﬁ—‘w D S Ja_._z,o 6[.9.) iy )5.'25‘) ‘ui‘..zf\s
3 u\_:.ﬂ)é)'l G dls o ol b o,
B9l oslaiwl Jlgie Jlo g 000

e A0 Jloyigyne silwple s nTs 5o
Ol d e £ L oad Jland iy Sod> Jele
3)ls o —d Jue VO by e ol ol 58, , lads
5 Jleyig T IRV SN
A28V Guodo wg—wdw 4 >0 VO sl

& 6)’1 .&LQ I\

L5 ,e—STy wanl b ool slgasl oo a 35
PSS SR I IV W SN ST P VI Vv

I — Js

ass

Olg—ie a5 -N 5l ool
Cny 8l Jdl oo STo> oS4 P>
2 0l Nl et e L g 51 ) e
Gil—wloz jotaiad g by e oo Sla> 2 8

A aBN0 Gaea ol g I sla Y,
Sao 4y by e B ooly 1,8y 5en oo
slaib b 6oy el &0 as celw VY

Chlides B, b g as g las K0S 5l ol g 9,

e Sl 5y 5 wnt § CB gt IgT gy

ol b—s

29 S—lo Sl (55, Jlo g0
s S gl il Sl Yy e
S0 0,548 Sodlcd g g9 il Mg o Jol>
sa ¥l oly o ol plL S j0 09— o el a S
J—=o am plpl g s o
ol 1y sa ¥l alyd STy eSS w g
) S 54l NOy o

.CA_.»LQolfjﬂJ U“")ﬁ_’ IS J)_nb u}j_m NOX

o lay oo ;0 (6 eS

m A\ m\Ls,o
(_glibws_w )_i.{o l_> 4—AMJLM 5 ‘U_" — oj)l_c
g S £ S U BN PP U FLONIWER G| PP | RPN W ¥
C (_g)Lwo)_&o 9 )l_».m 4‘5)l_‘>4_’l.‘> 9 J'_O.»."
ol sls &Yy axe 5l (Barreiro et al., 2013)
PRIV % JEPAPUE SOS g  A PRWP-PY SO Y I %
adgi jelateds i e yolic &5 > 0 Bras jolaie
Sg—i ad al Sl asba b, slsesgi s o
(Chen et al., 2014)
slaol o ldye o/ S >y, cois )
o=l S99 D0 53 1wy Sy g 009 T 5 450
Sl 35 ol oy Lyl ey g Ly L jyiS
madl olidl SOl e ol B auS o e slaws
=il g 2l mlio 0 Sid> g9 ol 5l g cl
= a4 d_>y L_’ 9y w‘ )‘ ‘JH e oolaz_ul )L&—AAAJ
Oy g dl2aieS S0 L auglie jo wades oYL
ool u] )‘ M gJ_J‘ 5 &..».1} &9.} u_;‘ O09=
u>9_w A_Jy sd_.»..Q?u U—’l )‘ Bad el 00l
Silmale 5 o Glemy adyo 90 (b T (s

1- Sub-Critical

Agricultural Mechanization & Systems Research
23(83), 2022

Y



VAT Lol E0 ) 3 b/AY 55l /YT ala/ (55,58 yqmuil 305150 5 Wilolus Coliylios

$ilmggle Jpama Sl Fito L i )
Jind slmog,S 5 sl s 5T Lo g oen
Ol 498 hod (w29 10 0550
9y pleod Joo .85 )l 8 }:-”—ﬂ )5 3,8
& Fog yS sk 5 5LS (T gileg,S 5k 5l oLs

Al aele j 0y

ooy g b
7 Tl — LS S 5lag,S 5]
SV S po eais lai i glaSil i) s,
Slaad ay fles o1y LS ol Jo¥s ol ou
o aS ols cowiaJldogic sy g9 g 4955
pls Bols )3 39250 (S Sl )55 00 5l o

igd o (iU adsl

Smwd Ay 9 5l Pl iz jotaie 4y

00 tS e oK 3l ool ol L olss lo conal
bl cood ugeds a0 Frogles o (oS >
PR N I U [ ISICOY (K g U S
L plosl s g 0 ools Jlal 50 ol oo
(g ,Sun +[FO)PTFE S5, ,Ld 5l onlin

A Alo

Sl o S Slogas oS ol

Sy el ol 5 5l (e B Sl
syl ol gl el gl —aass Ol g g ad
10 gdo—=ie Loy il g, ol 5l (Nasirian, 2016)
CB g 0820 S dlgo Sl il g a1 Gy
Srmaie Jy B Sd)F D90 0o aJgS (S

'p\hundaT
1 |
1100000}

|

|
1000000/

|

|
500000

ecooco
700000
00000
)

400000

|

[\ »
| AN 1 P
[ Svanennn N\ —

TIC: HABIBI1 D

T R A e A A A MR OV ST L T
gcoxsomeoowoo‘scowoozoooz'0022ou230024002599;600270023'@290030‘093150:\2%033‘003400350036003700

!‘,’f" "* ""'t'g'.'«i*fi\vl 1’ |
i

g i
. l"“l\

l‘lr ‘ .

Dl Lol Lyt SRS 525 (95 (02 (S 709 Sl —(5 58 (51,5 95 log,S 5ILT - JSLd
Fig. 1- Gas Chromatography mass spectrometry analysis on untreated microalgae

Agricultural Mechanization & Systems Research
23(83), 2022

f



O)SKed 5 o

sl 3 p Ll aSd>p;aJol 3y o
g Lacmel e N loS 5 a o lgi oo (9
Gk 5 ald ol s 4y i 4l a
D50 gzl § (g odanS 5 S0 Lo ST
2 59— Hlodie iy el S A 50, 5 e
S Hlahe 550 50 05bi o yorie (S ) S
Cillae iy gloh) S L ol sleadly o
PFVA ) oy jo g 1S e o Kad 5 a5l
L 5 polie plw g oS oo el (Shel (559 S0
Ayl Cplie 3z ol o ead 8l ol ke

.(Eboibi et al., 2014)

wee U gl Sl 3y 51 (ot 5 £ 95 W95

Pl () CS g (5 maie 380 RIUT b

U] IFLUIW) P WA R ) BDN I G\ P B PRI S
O3 S oo 4S aad e oLt @l
L =l cd i an ol (s 895 Ods 99,555
ol il oo < IYA 5 Y/ A NO/OF (FAIYY
Jlesisyd ilmale sl aS 0 S o aula il

50 ol o )l

09— )l
mlt osdoo Jol> oo 308y, 50 Sl
oz o Slanl_ie Ly ool
(Eboibi et al., 2014; Haider et al., 2018; Wei

T R N—

5 a2 oo pleii a S ol JlgSen & Jie, 2018)

Jboyigyu gilwale Joame g pais 5IU1-Y Jgo
Table 1- Hydrothermal liquefaction elemental analysis

R Sl oybo;
315 oy Co Ay 039 039 o
4 ), Peak (M)b) ('a; ‘;lgn) éwb (49'253) .
Carbon Response type ; ; Response Time Element
tion Weight Weight p .
ra %) (mg) Remained
g (min)
0.007 Ordnr 0.38 0.031 56.086 1.247 o3ore
Nitrogen
1.000 Ordnr 68.27 5.605 7710345 1.997 e
Carbon
0.437 Ordnr 15.56 1.278 3368.141 15.837 Clard
hydrogen
0.022 Ordnr 3.08 0.253 168.308 21.427 989
Sulfur
87.29 8.210 Total

Agricultural Mechanization & Systems Research
23(83), 2022



VAT Lol E0 ) 3 b/AY 55l /YT ala/ (55,58 yqmuil 305150 5 Wilolus Coliylios

[mv]

350+

300

250+

Voltage

2004

150+

2

100+

1.25 Nitrogen 1

?

50

— _5_11_20191_27_06 PM_007

15.84 Hydrogen 4

T
10

[min.]

Gpas 50T gl -Y S
Fig. 2- Peaks of elemental analysis

g Jobo il 0l JB 55 GC-MS 5 (5 ic
g Job s o N-H o Sgy KL \YFY cm?
Sy >0 25 o L—ii |, C-N oS50 \YFF cm?
loagn He—a> cuow oo g Lallu 295
VY= \Veeem?)C=0 s sl
Jod— SIC-0 4 (\YY--\YY - cm) C-0
Gy e S > (\YFe-Y e cmY)
go—aall g xS ol S loa S e wloa i
GC-MS LT 5 55 >s0 (glod ol Sl uSg S
83gusme 10 o Jo—b ¢yl ym odlc 5l ctillas
5 JSI jgma> a5 cwl O-H usgn [SLas Ve em?t
ol Aaslie a8 oo a ol (S by, 50 1, O
298> g (et slaiS e SLoS 5 L beossy
SUs 51 ot it 5 59,555 S5 28
el S Lo Jlags g s SS9 o
Sy S g S 5 (ele Gloog S Jguz )0

el 00l 00)51

2B O3l 498 fra (il 4o

¥ IS 5 s ys silmgls Jame  Jol>
CS g 5o dule slrog)T g ol oui ools Lis
5 6 maie 5ILT Ly a8 smo o s | ol i
¥ U5 o 4T jsbolan ol Jly5an GC-MS
03g—ste slazgs Jo—bb il oo b ool L_is
@b yC-Hu s SL oY--+ L3YA - cm?
oauad i 45 Cwl CH2 osgn & VFOO cm?
2 0—g0 gyl s Loz 5o JSIT slsog S

Laib ol o S5

2y S

&
CS g ;0 1y )5 5 39,0 YL Jlode (iizren
Jlesgre 5lwmle ol 10 0o b aJy
S5l
Noe-em? 5o Jo b yo Lapsl- 5, b
JRYUSON [PUROUN UV EI 5 SYUREVY NURELAWI R

Agricultural Mechanization & Systems Research
23(83), 2022

;



O)SKed 5 o

wee U gl Sl 3y 51 (ot 5 £ 95 W95

100

Transmittan ce [%]

2929

1673

4000 3500 3000 2500

Wavenumber cm-1

2000 1500 1000 500

0w sl g SRS I Jols Jbo g i (Silwaale Jpazmo 41 bgipe 50,3 (193le 4598 S (eiwigb Y JSS
Fig. 3- FT-IR spectra of Hydrothermal liquefaction product from pretreated algae

00 Mgl (aw j Cdgr a8 )5 (dole (log 5T Jgua
Table 2- Functional group of produced bio-oil

Ol 7 allb shole 095 (em?) zso Job
Class of compounds Functional group Wavelength (cm)
b, ST C-H wes 3204, 2964, 2929, 2859
o] S 5 N-H 1673
la,SUT iz CHz 1455
i i8S C-N 1243
byl 5 31 e i e O-H 756, 700

Sl 5 o5 Jolod LaSilog ) Tgige 0,5 o

* to 5 Lo Js3 ()58 e st o]
Sz LT i g Lo LSIT 5l Logos LacSisla]
Jol—b oSt ol oS 5 a5 Jb o cailoa—u
ool SekeeS'52 55 9 o sl )5S daasall

» o] ol

TR WOVIUILR WUPRRUES P P WIOY [P I SESOUPN RTINS
Gl 3059, OS5 50 g3l
ot (yanss GC-MS LT cppoiis] 5 s

OloS 5 bt s b 38 o)l 6l—

LT G b F S8 e 8 S oy o GC-MS 3 IL]
Lo o LS 5 pioran a2 o lis 1) GC-MS
Y Jsaz )0 )losai 1o 05250 slasly 5l SO 0
o o s Lo )y p bt .l sads 00 4]
3 salise glgl Jolod o0 0y () g
Ol losliie (JoSge 59 9 LiSlw Lo slys
Dgl—ite slwog S a4 (leS oo |, DS 5
Lol li e 5 LS ileg,l oy Lo ileg,lsise

Agricultural Mechanization & Systems Research
23(83), 2022

v



VN ol E

BUPTGNIWIFN VO I WS- U004 B S VW) I W 7Y LR A Y
OpmiTrad el Sz Lol Ol S 5 a Lo
5 ol Sliiine 5 (LSolie asile laep S50 3529
5 Laong 56 Js 8 ol 5

o) 5l/AY 0,lods [YY s/ 5559 UaS (gl 5150 o Wrailobis coligions

Sy, jloa—b g
o=l 0 g Y Jlaie Jdo 4 Ly e/
Jlogiemws oS 5 5l YL as)yo ol Sl
Biller, ) el L3 ollas mla L alise a5 col

Y

ISV S N (AR I
Lacsgw o HlasToae Siolisl Jds an Ssleg)]
Olalo3l 850 (sladisel )3 45 Wl 45l 0 )5

ezl Jod L6 sl 5

sy syl LS 3T Jpar 3 (2013

IV WY E=S P

sl gl il oy sla,

Abundance
1.05e+07

i 1e+07
9500000
9000000

‘ 8500000 1124

| 8000000
7500000

7000000

6500000
\ 18.42

5500000

5000000
4500000
4000000 [
3500000

3000000

25000001
2000000 [
| 1500000 |

| 1000000
| 149877
5000001} Nk
', | A " '

ol o
10.00 1200 1400

Time--> _1600 1800

TIC: HABIBI2D

2000 2200 2400

2451 |
|
|

Jloyigyud gilwmle walyd 5l dols ) (0 (5509 Sl 5 G55 (1,5 gilog,S—€ S
Fig. 4- Gas Chromatography and mass spectrometry of oil from Hydrothermal liquefaction process

Agricultural Mechanization & Systems Research
23(83), 2022

A



OlSe2 g (o>

e Sl 5y 5 wnt § CB gt IgT gy

GC-MS I Jols (3,135 (ol 2 0 jlow iy Sl 1 sl Sy Jlo gy (gjluole Jgnatmo cileowsd o 5 —Y Jgor

Table 2- The chemical composition of Hydrothermal liquefaction product obtained from the pretreated algae that is
reposted from GC-MS

(%0) wo 0 S 0 lolt

Area (%) Compound No.
6.52 3-methyl-Heptane 1
20.36 1-octane 2
0.70 5-methyl-decane 3
5.64 Cyclopentane, 1-ethyl-3-methyl-, (1R, 3R)-rel- 4
1.29 1-Hexyl-3-methylcyclopentane 5
11.27 Decane 6
15.88 Undecane 7
15.01 Dodecane 8
11.37 Tridecane 9
2.39 Tetradecane 10
0.74 Hexadecanoic acid 11
2.94 Heptadecane 12
0.86 3-methylnonane 13
3.01 2,5-Piperazinedione, 3,6-bis(2-methylpropyl)- 14
2.56 Pyrrolo[1,2-a]pyrazine-1,4-dione,hexahydro-3-(2methylpropyl)- 15

Jlrgad siluple @loobse s ainl b (i S 25 Ao

Wdalllae ol 5l Bu o 0g b ea 8T LS A,
Loy p—l S

2y g d oS

d> 5, 5l &

slols el 5l —ably o g Ol Slgs s
< a5 )_tl_‘>.b w&u 9 s_ug_i_l )‘ 6‘d_>l.>df

U1 gl 0 Jlo gy silwmls wil b g
aS ol ol sl > S JOE G (S i (5B
5 90,8 95 (59,0 (oS Hlo e

039

Ao d > Lo uzmen Sl aoy0 < /YA 5 ¥/ A

et g 30 )8 gole dyys8 Jo miwiinl A
S ) CB g S Ol s e o Jole slaog S
ol 5§ Sl eyg8 W] ‘Ql_iﬂ oS 5 sl

Dy b Sl ISl et
g P—; o Bl g d gy Jad
Sloogcus laSdag, o)l 1) ISiw o) ol

s)‘d._>l.: ‘5»_.“:) 6[@%9_”; A_Js.: 6‘)_: 09.O.IL>

Cogb Hlaas asiles S > 095 an |, laaze ax g
slo g, Lo foa—ds el LaSJd> >, Yl
Y FYC S e SN POV W D1 PO W i UONI PV

o=l ety = ey s 1 ses ol )L (65

&y

Barreiro, D. L., Prins, W., Ronsse, F., & Brilman, W. (2013). Hydrothermal liquefaction (HTL) of microalgae
for biofuel production: state of the art review and future prospects. Biomass and Bioenergy, 53, 113-127.

Bi, Z., He, B. B., and McDonald, A. G .(Y + Y °) .Biodiesel production from green microalgae Schizochytrium
limacinum via in situ transesterification. Energy & Fuels, 29, 5018-5027.

Biller, P. (2013). Hydrothermal processing of microalgae. University of Leeds.

Agricultural Mechanization & Systems Research
23(83), 2022



VAT Lol E0 ) 3 b/AY 55l /YT ala/ (55,58 yqmuil 305150 5 Wilolus Coliylios

Chen, W.-T., Zhang, Y., Zhang, J., Yu, G., Schideman, L. C., Zhang, P., & Minarick, M. (2014).
Hydrothermal liquefaction of mixed-culture algal biomass from wastewater treatment system into bio-
crude oil. Bioresource technology, 152, 130-139.

Chernova, N., & Kiseleva, S. (2014). Efficiency of the biodiesel production from microalgae. Thermal
Engineering, 61, 399-405.

Chernova, N. I, Kiseleva, S. V., Vlaskin, M. S., & Rafikova, Y. Y. (2017). Renewable energy technologies:
enlargement of biofuels list and co-products from microalgae. Proceedings of the 21% Innovative
Manufacturing Engineering & Energy International Conference — IManE&E, May 24-27, lasi, Romania.

Eboibi, B. E.-O., Lewis, D. M., Ashman, P. J., & Chinnasamy, S. (2014). Hydrothermal liquefaction of
microalgae for biocrude production: Improving the biocrude properties with vacuum distillation.
Bioresource technology, 174, 212-221.

Gai, C., Zhang, Y., Chen, W. T., Zhang, P., & Dong, Y. (2014). Energy and nutrient recovery efficiencies in
biocrude oil produced via hydrothermal liquefaction of Chlorella pyrenoidosa. RSC Advances, 4, 16958-
16967.

Galadima, A., & Muraza, O. (2018). Hydrothermal liquefaction of algae and bio-oil upgrading into liquid
fuels: Role of heterogeneous catalysts. Renewable and Sustainable Energy Reviews, 81, 1037-1048.
Gollakota, A., Kishore, N., & Gu, S. (2018). A review on hydrothermal liquefaction of biomass. Renewable

and Sustainable Energy Reviews, 81, 1378-1392.

Haider, M. S., Castello, D., Michalski, K. M., Pedersen, T. H., & Rosendahl, L. A. (2018). Catalytic
hydrotreatment of microalgae biocrude from continuous hydrothermal liquefaction: Heteroatom removal
and their distribution in distillation cuts. Energies, 11, 3360.

Jena, U. (2011). Thermochemical conversion of microalgal biomass for production of biofuels and co-
products, University of Georgia.

Milledge, J. J., and Heaven, S. (2014). Methods of energy extraction from microalgal biomass: a review.
Reviews in Environmental Science and Bio/Technology, 13, 301-320.

Nasirian, N. (2016). Discontinuous lipid production using the lipid-producing yeast Rhodosporidium
diobovatum

and calculating the physical properties of produced biodiesel using fatty acid profiles. Agricultural
Engineering, 40, 155-168. (in Persian)

Raslavi¢ius, L., Semenov, V. G., Chernova, N. 1., KerSys, A., & Kopeyka, A. K. (2014). Producing
transportation fuels from algae: In search of synergy. Renewable and Sustainable Energy Reviews, 40,
133-142.

Reddy, H. K., Muppaneni, T., Rastegary, J., Shirazi, S. A., Ghassemi, A., & Deng, S. (2013). ASI:
Hydrothermal extraction and characterization of bio-crude oils from wet chlorella sorokiniana and
dunaliella tertiolecta. Environmental Progress & Sustainable Energy, 32, 910-915.

Ross, A., Biller, P., Kubacki, M., Li, H., Lea-Langton, A., & Jones, J. (2010). Hydrothermal processing of
microalgae using alkali and organic acids. Fuel, 89, 2234-2243.

Sahebi, Y., Almassi, M., Sheikhdavoodi, M., & Bahrami, H. (2013). Feasibility study for replacement of
renewable sources of energy, in selected segments fars province. Middle East Journal of Scientific
Research, 13, 1119-1125.

Agricultural Mechanization & Systems Research
23(83), 2022

Ve



OlSe2 g (o> o Sy 5 G § S g S oy

Sudasinghe, N., Dungan, B., Lammers, P., Albrecht, K., Elliott, D., Hallen, R., & Schaub, T. (2014). High
resolution FT-ICR mass spectral analysis of bio-oil and residual water soluble organics produced by
hydrothermal liquefaction of the marine microalga Nannochloropsis salina. Fuel, 119, 47-56.

Vlaskin, M., Chernova, N., Kiseleva, S., & Zhuk, A. (2017). Hydrothermal liquefaction of microalgae to
produce biofuels: state of the art and future prospects. Thermal Engineering, 64, 627-636.

Wei, X., & Jie, D. (2018). Optimization to hydrothermal liquefaction of low lipid content microalgae
spirulina sp. using response surface methodology. Journal of Chemistry, 2018(1):1-9

Yang, J., Chen, H., Liu, Q., Zhou, N., Wu, Y., & He., Q. (2020). Is it feasible to replace freshwater by
seawater in hydrothermal liquefaction of biomass for biocrude production? Fuel, 282, 118870.

Yang, J., Nasirian, N., Chen, H., Niu, H., & He, Q. (2022). Hydrothermal liquefaction of sawdust in seawater
and comparison between sodium chloride and sodium carbonate. Fuel, 308(7), 122059.

Agricultural Mechanization & Systems Research
23(83), 2022

"



Agricultural Mechanization and Systems Research/Vol.23/No.83/Summer 2022/P:1-12 { Z 5

Journal Home Page: https://amsr.areeo.ac.ir AMSE
AERI

Investigating Biofuel Production from Microalgae Biomass (Spirulina)

using Hydrothermal Liquefaction Process (HTL)

N. Habibi, M. Almassi* and H. Bakhoda

*Corresponding Author: Professor of Agricultural Systems Engineering Department, Science and
Research Unit of Islamic Azad University, Tehran, Iran. Email: morteza.almassi@gmail.com

Received: 28 February 2021, Accepted: 27 July 2022

http://doi: 10.22092/AMSR.2022.353787.1380

Abstract

Among different types of biomass, the inherent advantages of microalgae have made them a useful source
for biofuel production. The hydrothermal liquefaction process is one of the thermochemical processes that
has attracted the attention of researchers due to its advantages such as the production of valuable products
and low energy consumption. The aim of this article is to investigate the production of biofuel from spirulina
microalgae using the hydrothermal liquefaction process in a subcritical water environment in a laboratory
and discontinuous manner. The results of detailed elemental analysis of biofuel showed that the amount of
carbon, hydrogen, sulfur and nitrogen of raw biofuel is equal to 68.27, 15.56, 3.08 and 0.38 percent,
respectively. In addition, the produced biofuel compounds were analyzed by infrared Fourier transform
spectroscopic analysis, the results of which confirm the production of clean fuel compared to fossil fuels.
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