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Abstract

Background and Objective: Environmental pollution and dependency on fossil fuels are the most
important incentives for the development of biofuels in Iran. Microalgae are introduced as one of the
best raw materials for the production of biofuels in the world. In addition, for the production of
microalgae, the emissions from power plants are used which leads to the reduction of greenhouse gas
emissions to the atmosphere.

Method: This paper proposes a microalgae-based biofuel supply chain network design model to study
the development of such fuels. First, a deterministic model was developed to model the all activities of
the supply chain including provision of raw materials for the production of microalgae, microalgae
cultivation, turning them into biofuel and eventually biofuel distribution. Then, the deterministic
model was extended to a robust network design model to achieve a safe and stable supply chain
decisions in the face of uncertainty.

Findings: Results of using the proposed model for the development of microalgal biofuel production
show that the cost biofuel production from microalgae is 88.5 thousand Rials per liter.

Discussion and Conclusion: Current production cost of microalgae-based biofuel cannot compete
with that of fossil fuel, but the cost can be significantly decreased with a slight increase in algae
productivity or oil content in future.

Keywords: Sustainable energy, Green fuels, Microalgae, Robust optimization, Biomass supply chain.
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Figure 1- Structure of microalgae-based biofuel supply chain
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Table 2- Total cost and computational time of deterministic and robust models.
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Figure 2- Optimal supply chain design for deterministic and robust models.
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Table 3- Variation range of sensitivity analysis
parameters.

Sgd> yolyb o yloud

4l Jo 0
+25 Sl 0, 1+
-25 oSl 0, 1-
+25 Jponb 4 Sl o Gl 2+
-25 Jrosls & Sz hoos e 2-
25 S Ayl el pes asa 3+
25 S Ay (s el pes ai3a 3-




)&M’M

QA olo Coligmd 5l (MY 0 Loy e § zmo (6591600 g pole Y8

S a3 g0 GLIS Egdge (nl WS (oS (ot FE ki 30
ST 8,8 i 5o Lo 03l dngi (el 0055 Juke
0l 0T el b bLs | o enlie ool NS g o s
el ST (63 05 O oy )3 St Lol S (o
Sl Sl p3¥ B w09-d oo ansp 2 6 F e Dl
3 6Ll 0nST (63 ()5 0033 g poFed Slp 5 a8 A
O gy L5 053 00ls ansi 30 9 slaclSs i Joxe
ol 8 ST 60 25 YL (x50, b 6 VL ke gy
Jgdem ase Slois ams oo lis @l Bk 5l 0900
Lz Ol 5l et cal 2 S ase » (S5) p
O Jpogl JagJes ) 0gue Ladd g Jox 45 350 o0
JBy e a0 g 05d 00 Gl i 5 LS gu adgi glacoles

DS op 01y el 0z 5l (S oS Gis

16
14
A1
3 10
2
<
o
5 6
3
~~
g
2
0

500 ke Grals 4y e jlade 9o cpl 51 SO Gaaldl g ol
sloan e & olgice N, sla sl Koo 51(F) 99 00
Ools 4090 o,lal g slacole Slles 5 (5 IS le s
5 S ale s sloange 10 ga0, 0 VO el S-S
o JL, 5l VO 5 Ve ¥ anie 4 e e 4 Sllee
oS (nl BN ams oo (LS £9d9e (nl 9B e S y2 S
RS ot adg slaculs glaa i ials wé) o Uil
Slsizme Glin 5 S Jol> 2l anim lS (sl 1, 5l
A0 slayiell o 5o W)l 5SS sl BB (SS9,
b Jlanl by s gloles 5 (6,105 aple o slaasy s S
5 oL laalaim cole cuesl 4 ol .l Job
LoSlr 08y (6l nbin 3blie )3 3 g5 laolSy
T e o oyl |y adgl olge JWsl an e rals jslaiea
Ay Camd S A ie a8 s oo LS izes Cenles

S S 9 Ml (s O 09 ey 48 Sl

0 1+ 1- 2+ 2- 3+ 3- 4+ 4- 5+ 5- 6+ 6- 7+ 7- 8+ 8- 9+ 9- 10+ 10-

[ JEBNPEPEWRLIE

Bl 4nin BJS sdesay

ol 3T ol ¥ o

Figure 3- Results of sensitivity analysis.
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Figure 4- Mean and variance of objective function of realization model under solution of deterministic
and robust model.
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