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Life cycle assessment of algae based aviation fuel on
basis of engine type and related aircraft

A Lusi, WEN Mengyang, GUO Fangs YANG Xiaoyi

(Energy and Environment International Center, School of Energy and Power Engineering,

Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: Consolidated discussion of life cycle assessment on algae based aviation fuel in
combustion emissions on the basis of engine type and related aircraft was conducted by com-
paring with conventional jet fuel. Using the GREET (the greenhouse gases, regulated emis-
sions, and energy use in transportation) model, passenger aircrafts were divided into six
classes including single aisle, small twin aisle, large twin aisle, large quad, regional jet, and
business jet. Each aircraft class was characterized by its average payload, potential {light
range, and fuel consumption and emissions during landing, takeoff, taxiing, climbing re-
ferred to in the database of NASA-AAFEX, EASA, and CAAC. Also the emissions and en-
ergy input were discussed. The pump-to-wheel stage of algae based jet fuel in large twin aisle
aircraft shows the least amount of greenhouse gases emission at 0. 2351g/(kg * km) because
larger aircraft has lower greenhouse gases emissions values than smaller aircraft due to high-
er engine efficiency and higher payload, however single aisle aircraft appears to be more sen-

sitive to greenhouse gases emission in flight range than larger aircraft due to higher contribu-
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Table 1 Change trend of apparent foreign-dependence

of crude oil in Chinat"’!

MR/ e/ Rl O Rl A R 9 R Ah
O /TN R/ BTN KR/ %

2005 18083  806.6 12708 29985 42. 3
2006 18367  633.7 14518 32251 45.0
2007 18665  382.9 16317 34600 47.1
2008 18972  373.3 17889 36488 49.0
2009 18948  518.4 20378 38809 52.5
2010 20301  304.2 23931 43868 54.5
2011 20364  252.2 25254 45367 55. 6
2012 20747  243.0 27102 47606 56.9
2013 20812  162.0 28195 48845 57.7
2014 21142 60. 0 30837 51920 59. 3
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Fig. 1 Three stages of limitation of flight range
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Fig. 2 Statistics of flight range in China
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Safety Agency) /A Aii 138 ML 2% 1] 1) fe K3 A B
B Rz &, L & ICAO (International Civil A-
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T B BORE I S R AT o0 AT BUE A 3R 2 Rt
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Fig. 3 Schematic diagram of flight range and payload of six kinds of flight"™
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Table 2 Engine, flight range, specific fuel consumption of specific aircraft used in life cycle assessment
R LAY HL Y R K e KK B emsk KATFHREmE/
RHLAL S KWL Py FEM i/ kg HEES/km FEi kg (kg/km)

SA 737-800 CFM56-7B27 88gts 5665 20871. 248! 3.527

STA 787-8 GEnx-1B67 1454L8] 15190 101217. 2128 6.568

LTA 777-200 GE90-85B 45768 142601 137270. 3207 9. 305

LQ A380 Trent 970-84 3920 157002 259483. 8920 16. 278

R] ERJ-145 AE3007A2 2768 28730 5094. 304 1. 677

BJ G550 BR700-710C4-11 588L8 125004 15024. 6682 1. 154

T« 3R KA AR i ICAO Emission Database , fic R i 5 25 4 B % T KL E 8038 . 07 3% 4 0 26 #8 Th 2 i
EASA & fiii & 61 .
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GREET (the greenhouse gases, regulated emis-
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Fig.4 Life cycle pathway of algae based aviation alternative fuel



6 19 W4 e T R B AL AL AR B ST S SRR 4 A i SR 400 o0 1319

&3 GREET1_2015 gt REMEBIEXEBNSH
(%5 1 3B4))
Table 3 Key input parameters of the basic energy
in GREET1_2015 (part 1)

e e/ %
Fiigm i 58. 50
Ji i St YR
[ 7= 70 41.50
IR IR 86
8 R X
Hb & IR 14
S S 90
R HL R A 2%
8 10

E M RE IR AR 93 00 SR BRIRALR R 97 %0 .

&4 GREET1_2015 Hgt R EMEBIEXBENSH
(%82 #847)
Table 4 Key input parameters of the basic energy
in GREET1_2015 (part 2)

AE I R A S il it TR
A i ISR A A Al i i
¢ TT 2R 3o 5 A Al 5 v

S FL o A S il B it 2

R 5 GREET1_2015 At REMEBIEXBUANSH
(58 3 &%)
Table 5 Key input parameters of the basic energy
in GREET1_2015 (part 3)

HETiBE IR et b/ %
MR 50
K 17. 16
CiW] % H 1.97
AN 2.07
HoAte 0.08

% 6 GREETI_2015 iR ERIHMIEXBEANSH
(58 4 #B45)
Table 6 Key input parameters of the basic energy
in GREET1_2015 (part 4)

AE IR s ReE N/ BEE/km
JIE Y IR %6 58. 50 11000
B 10 400
JE I
(=S 78 1030
R s 46. 80 950
Uirdilts 17 650
A 73 50 1000
N 33 310

%7 GREET1_ 2015 I ZF X BHUANESH

Table 7 Key input parameters of the preparation process
in GREET1_2015

B ¥ B )
LRl B TR Rt 5 H/ % e FF 2 B 3
ol 3. 39 RGP R BT R R
e 2.43 HR#E/(g/(m? » day))P®) 25
Y 0.55 P R T 5 RO/ % 25
JE fig IR
R 39.18 W EARER AR CERO /% 47
R 5.16 JERE Bk Ak A 0 R B 43 B RO/ % 28
B 12. 80 i TN % G 13
P SRl 0.01 il B IS Ao B/ (M k) B2 19. 61
L5 2.57 KA KRR AL R o 38
. R 0.19 k5 IE=RUR Y S 71. 94
7 - S 4 25 B
R o g R R i
3 97.73 = R e
BUPE g 3 R RHIE 7 440 18 (M /e ) 44.5
| 0.51
W PRI 76.34 7'»7 300 °C .= B st [A] S 60 mint®*), K $ ik Ak 2 B
R 0.11 930 B0 A= Y BRI PR R 2R ML A R 3

J;na:,%‘T EELHE TS 51 58 h R AE 5 d 2
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Table 8 Comparison of parameters of conventional

aviation fuel and alternative aviation fuel

(JetA-D B AR
TR AL AE /(M) /kg) 43. 2051) 1t 500
i A/ (MT k) 46. 20 47, 60
B/ (kg/L) 0. 8020 0. 7870501
B B2t 5 4 0. 8621 0. 8010

ARSI SE A AR b i A ) SR AR 1 A
TR 6 & RATE Lo 0 2 AT 4 A i A 3 0 AL O
BEFTXF LT o Ry ek A SEBR KA T R RE K S B R AT
HHA 2R B8 T B8 R & PIL AT B R
ORAT R KRR o Hi R AR A BdE 51 EASA
D 5 3 AT 2% 191 2 00 RIS O el AS ) 24 7R AL HE ik
SR HT AR EE L S TRAL A 2 BT TR AT A
R SR HE R L BE BTN AR K FE . WRST M A
2 L BRI AT R QTR TR AL L BRI L I i R

ICAO 552 (9 B i), 4f g #E 47 3% 5 . e 9% i
TN o BRICZ AL K B B A e AR R HE i B
HC.CO.,NOx % #& % B ICAO Emission Data-
base H A& B LA W V& G B U HE OO s CHL
N, O.,SOx #4i >& F 26 E NASA FFJE i) AAFEX
(alternative aviation fuel experiment) %% #&;
PM10 %48 % 26 EBEFR A 25 Ji) AEDT (Aviation
Environmental Design Tool) ¥4 & b 09 2 3& . 40
10 FrRD S B ARORHHE BSOS SR T Hile-
man 55 S5 AR OC AR 8 R A S5 0 HE )
g5 1ICAO 24 & 3 HL I 12 HE 8 & 3 2 47 %)
PO A B HC L (R O 38 3 B A LG - 1] L A5 2 i [a]
INAT- B s 3 45 52 56 1 - Y (B . i T BB
BB AT B AT e B A7 R sh HLALBY - k47 5
5 ARSCHESE TP A3 3] T SALQ.BJ B AR K
ZH e B . o STA 1 LTA B & sh B8
e HIPH A S RLAE 7 R TE L LQ &K BBl [A) B
RJ & s ARl 2 8o 2R 8L BI & shHl
MHE S IR T~ 3£ 13 s, Ry PM 4
WORLY) . UHC AR S A5 ) .
£ 9 ICAO E XK 4 M RITRED
Table 9 - Four operating states defined by ICAQR?

WEBFR EW/ % RSFREEE /s BE /%
LN 100 0.7 2.1
e gf 85 2.2 6.7
b iin 30 4.0 12.2
e 7 26 79.0

R 10 6 FTCHLIE G A RLIR R HE B B

Table 10 Emission data of six kinds of aircraft using conventional aviation fuel

Pt SA STA LTA LQ RJ BJ
B 737-800 787-8 777-200 A380 ERJ-145 G550
RS CFM56-7B27 GEnx-1B67  GE90-85B  TRENTY970 AE3007A3 BR700-710C4-11
R ANHLEL & 2 2 2 4 2 2
EBER A 5.1 9.39 8. 36 7.5 5.1 4. 05
K7 /KN 121.4 255.3 419. 25 334.7 31.5 68.77
HC i/ (g/ (kg « km)) 273 19758 1159t 81t 3468 3015
CO HEjl i/ (g/ (kg + km)) 53208 5928 13593 6461 18501 4449
NOx #fjit i/ (g/ (kg * km)) 5231 6374 26639 16555 11755 2850
CH, HEjt &/ (g/ (kg + km)) 360 590 185041 1590 1104 2404
N, O HEfl i/ (g/ (kg « km)) 70 115 363 311 22 47
PM10 Hijk &/ (g/ (kg » km)) 2151 280! 3985 7951 708 20
SOx it &/ (g/ (kg + km)) 12430 20360 6406 54883 3860 8230

# :HC.CO.NOx ff fif ICAO Emission Database 3Z & 5§ . CH4 . SOx ffi Fi AAFEX 3£ 5 50 95 . PM10 fff H AEDT 44

i
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Table 11 Emission data of engines using alternative aviation fuels (SA)
e WORHE/ R/ % ZH AL NOx Hjift PM HEJif & CO #HEjik & UHC #Eic
AT (M]/kg) (kg/L) 5 e=1.0 e=0.5 ¢=1.0 e=0.5 ¢=1.0 ¢=0.5 ¢=1.0 ¢=0.5
Sciik[34] 44.4 0.738 CFM56-2C1 0. 91 0.09 0.27 0.87 0.91 0.75 0.86
SCHk[35] 44. 1 CFM56-7B 0.31 0.38
SCHik[5] TF33-P-103 0.58
SCHik[36] 38.3 0.918 CFM56 0.98
SCik[37] 43.5 0.789  CFM56-7B18 0.95 0. 69 1.05 1.21
SCHR[37] 43.5 0.789  CFM56-7B27 0.96 0. 87 1. 09 1.28
Y H 0.943 0.955 0.200 0.558 0.870 1.017 0.750 1.117
L DEAER T ICAO AT 1R SIHLHE BB, Bk % 9 b 4 R Sh LTRSS BT RUNACE . e BRI, T
S
Fz 12 BRHUBEIH LW HE B ST (STA.LTALQ)
Table 12 Emission data of engines using alternative aviation fuels (STA, LTA, LQ)
I BRI, R/ %L NOx HE & PM HEjC & CO flEik & UHC Heilc &
AT (MJ/ke) (kg/L LUEss e=1.0 ¢=0.5 e=1.0 ¢=0.5 e=1.0 ¢=0.5 e=1.0 e=0.5
SCik(5] 43.2 0. 803 PW308 1.01 0.07 0.74 0.74 0.83 0.68 0.76
XCHik[38] 43. 8 0.759 0.93 0. 79
k[ 38] 43 0. 785 1.06 0. 04
SCiik[38] 43.7 0. 781 0.98 0. 40
SCHik[37] 43.7 0. 781 TPE331-10 1. 02 0.98 0. 98
SCHR[37] 43.2 0. 803 TFE731-5 1.00 0. 27 0.98
4 {E 0.999 1.003 0.300 0.598 0.740 0.931 0.680 0.760
TE : LU RS 35 20 F ICAO A A (4 & S LHERL L (8 38 33 38 9 vh 4 Fi & shpL T AR AR 25 9 B 1) Jn A 14
F 13 BERMMEFNTWHM LT (RIBI)
Table 13 Emission data of engines using alternative aviation fuels (RJ, BJ)
e OB R % FHL NOx flijicit  PM Hejci: CO HEic UHC #Hijics
HR (MJ/kg) (kg/1) Uzhe) e=1.0 e=0.5 e=1.0 ¢=0.5 ¢=1.0 ¢=0.5 e=1.0 ¢=0.5
SCHik[37] JT9D-7R4G2 0.92  0.96 0.04 0.48 1.04 0.97 1.03 1.03

T L EBE 258 T ICAO A AR A& S HLHAE A HE AR il 2 2 9 w4 Fh & Sl AL AR AR 25 1 1] in A2

3 HESNER

4w EHHEER

i 2 A HE L
A TR] 26 Y RALAE fol 38 A0 A5 o

3.1

3.1.1

b 0% 4R

TF2 100 % FE . 6 28 RAHL4 A A A I iR = SR
HEC S AR L 46 34 K 63. 2%, Horp WTP 5 72 iy
Hegile 28 R W Ui iR = SR, i PTW o 72 o % IG

4.61% . DL L B0 J2 BT A e U5 B AR
il £ B B U HAE iR 5 28 09 2R K Be W e K
CO,, 73 WTP i #2 19 = R HE ZE L E K,
MAE PTW ol & rp AL © AT T e — . T
PAWSCHEOR IF N W o AH T Ak & LU A HE Rk
H CO, A B B BEAC A R A B R = AR HE A
JIT REAI

FEN R PR 2 RAL A X B v, 4 A A ) B 4 T
i 2R 0 R TR AT HE A i BRI 0. 494 9,
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Fig.5 Influence of mix ratio on

greenhouse gases emission
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Fig. 6 Comparison of emission component of SA
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Fig. 7 Comparison of emission component of six kinds of aircraft

2 AR 3 B SO B & L3 — AT I At
S AU W R A TR B UGR TRT REVR  RE
i 8 FiR.

58 3 B L 45 28 RMLAE AT IR B 45 st B A6
AT PR AT IR R R O K L B R AR B S Y
B HER LR He o) ek B i SR b Hoh IR K
BILTE AR 45 /)N 55 486 g 5 HE s 38 K i SO 1 i
R D PR T e K AR A L ke e v e R 1Y)
TUHR FO 35K T 7 35 K A 8 28 80 R AL v 2 55 L
TE 4 v 3 i v HE s 20 ) SR R B K
3.2 gEEHESW

AW 5T T 8 T FE 32 A AR A L AR
MR R U L RE L s M RE 55 (H il TR BB iB
i AE 15 A v Rl RE VR , ok AT X L L e A A R R
VE R B L 02 7%, S8 AL AE S AL 2 5T it AT
BAL(S S T AR ) A RO CR 98 R AR
AT A S Ak E
3.2.1 A[RBIR W BUSE > B

AN TR B0 28 TRAHLTE AL e R} B i e e AU
BERFBIR L (o) 1 300 1) BE 5231 #E S B8 1
FEQE 9 fron . AXTLLrh a] IR 2], ZE B R LA
[Fi] B e Sk 3 6 IR RL I FE R B LG 1 TR AR Rt
LU A5 185 0 s o 4 2 i JR) 0 8 1 JH FE S N L X AR 4
s SRRk e B U e B R ARk ) i it T AR 1Y
TS0 %6 o 1 A A BR AR B T I 49 R T AR 2 1 B AR

50%0.90% , 7 WTP i F rp B R FEHE n 50 % .
PR AT RRE S FERE N 50 26, JEh T FEFE A RS, AE
PTW o #2 v , BB 2k 1 #6 BE AR AZ  {H Ak A7 #5082
JE 3 T4 #E4 S BE AR 10,26, 100 %%,

FEA TR PR ALY X b s A 55 ML A fb AR
Fe K, RE &I FE 140 000 J/ (kg » km) R FF
60000/ (kg = km) , [fij ft. f1 HE V5 14 FE& B J5 7 1F #
MM 40000,35000]/ (kg « km) F&{EZ 16000,
2000]/ (kg « km) A8 b fe K, T 42K 6 28
KLV LTA 75 4 A= i J8 1 fg i 04 FE i A%, B
FIHAE N 13000/ (kg « km) ., [RIREAL A7 BRI
FE S 5 BE R FE A A B I 4300 4 000,500
J/ (kg « km),

3.2.2 6 K KHLREFEBUBAE ST

SERFHUR AT IR %= A HE O 5 —FF
e 2 T AR BF 93 v IR E e K AR 2520 R d /NS4
R BORTRAT BB O Hod KALAE L 6 28 ALY R
AR 9K 5665,15190,14 260,15 700, 2 873,
12500 km , HURAR B2 53 B bs 11 4 0 RAT 7 35 i B2
) 50% . WK 10 iR,

IR, 6 K CALTE RATHE B A 0 i), L fi
T A RATHE B e R IH R R, Bl A AL IR
B3 HE L AR L B8] R SO /D O R R
R RE R A B . R TH AR X R 00 B
53 B 5 HETBURE DL 25 0L, 52 26 % ML TR 3G K0 A% B
MR R

g SAT 25 [light range
.=9ﬂ STA F w509 flight range
£ LTA ® 100% (ligh! range
S iof
B RIF
= BIt : : : .

-10 -5 0 5 10 15 20

Changing ratio/%

P8 S [ o A5 a2 A e AR AR JEE e BT

Fig. 8 Sensitivity analysis of the greenhouse gases emission in different flight ranges
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