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This study analyzes the water-energy-environment nexus by simultaneously
evaluating the potential of microalgae for phycoremediation, biofuel
production, and carbon capture. The LEAP software was employed to
investigate the treatment and biodiesel production capacity. The impact of
replacing biofuel in the urban public transportation system, considering
different mixing ratios of biodiesel including B5, B10, B20, and B50, was also
studied using EnergyPLAN software. The results showed that the produced
biodiesel with these ratios could provide 4.25%, 8.58%, 17.43%, and 45.78%
of the total annual energy requirement, respectively. These replacement rates
correspond to a reduction of 2.9%, 5.9%, 12.7%, and 31.7% in CO, emissions.
Furthermore, assuming a 5% annual growth rate in the input of the wastewater
treatment plant, after 12 years, the proposed model can reduce the annual
carbon emission costs by $414 million while meeting 46% of the annual

LEAP

energy demand using B50 and decrease annual CO, emissions by 32%.

Introduction

The growing demand for energy consumption
and the scarcity of water resources have highlighted
the interconnectedness and impact of water, energy,
and the environment, posing significant challenges
in today's societies. As a result, the integration of
renewable systems has become a priority in
development plans. In efforts to reduce carbon
emissions, alternative fuels derived from biological
resources, known as biofuels, have gained attention
as viable substitutes for fossil fuels. Among these
alternatives, microorganisms such as microalgae
have emerged as a promising source for biodiesel
production. Microalgae possess a high reproduction
rate and can thrive in harsh conditions, including
saltwater environments. Consequently, they offer a
suitable and sustainable option for biodiesel
production. Biofuel derived from microalgae is
advantageous as it is sulfur-free, non-toxic, and
biodegradable. Moreover, due to their ability to
grow in challenging conditions, microalgae can be
cultivated using urban wastewater as a culture
medium, thereby utilizing sewage and conserving
clean water resources. The aim of this study was to
conduct a comprehensive assessment of the water,
energy and environment nexus by simultaneously
evaluating the potential of microalgae for
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phycoremediation, biofuel production, and carbon
capture. The analysis is conducted using
ENERGYPLAN and LEAP software. In addition to
evaluating water recovery and energy source
replacement, the study assessed how these scenarios
contribute to the reduction of pollutants in the
environment.

Methods

The aim of this study was to examine the
interconnections between water, energy, and the
environment in utilizing microalgae as a third-
generation biomass for biodiesel production from
urban  wastewater. To analyze this, the
ENERGYPLAN  software was  employed.
Additionally, the LEAP software was utilized to
assess the impact of wastewater biological
treatment capacity using chlorella sp. on water
resource recovery in Tehran, Isfahan, Kerman, and
Khorasan Razavi provinces. Furthermore, the study
investigated the effects of fuel substitution in the
urban public transportation system on CO,
emissions, considering various blending ratios of
diesel and biodiesel (B5, B10, B20, and B50).

Results

The findings of the study revealed that the biodiesel
produced at blending ratios of B5, B10, B20, and
B50 can contribute to 4.25%, 8.58%, 17.43%, and
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45.78% of the total annual energy requirement,
respectively. This substitution rate corresponds to a
reduction of 2.9%, 5.9%, 12.7%, and 31.7% in CO,
emissions, respectively. Moreover, considering a
5% annual increase in the inflow of sewage
treatment plants, the proposed model can meet 46%
of the annual energy demand using B50 after 12
years. This would result in a 32% reduction in
annual carbon dioxide emissions, leading to a cost
reduction of $414 million in carbon emissions.
Additionally, the cultivation of algae and the
recovery of up to 517 million cubic meters of water

88

for agricultural purposes would
contribute to the food chain.

significantly

Conclusion

Nexus analysis of water, energy, and the environment
for the production of biofuel, coupled with the
biological treatment of wastewater using microalgae,
indicated that this model not only contributes to the
preservation of water resources through recycling but
also enhances the food chain. Additionally, this model
aids in carbon fixation and reduces emissions, further
promoting environmental sustainability.



izl (6553 (5l Aolikiad

https://ses.ut.ac.ir :as s <o lw

il g mirnd § B gt Sl g ol Al 5 Gt ) a9 (6551 ol Wigmy ke
Sl 9 o 1 oolaiwl b 1,5

330 dlxw (L gowal 93,1 Fguwsle suuw

i el oS ¢85, g Sl cwdigee 5uSilS ¢y iy sba gl cwdige 09,5

TRV

dlio WleMb!

9650 el abgn Jdow an adlllas ol o Aalosil so (6551 pimns ;o by Coal
P lasSida gy cciS jloslii vl b pow Jud s SS9 ol (o Sy Jaiors
3 ol 00 4:..>L)JJ u;; Caals 9 w}w J.,J}J ‘LSMM") m RV L: 6)’&»‘” LnguLM..:
Sl B8 lesla by lany (st dbal byl 530 ) s i )
s 53 (g CS g ol SILEAP Iy 8le, 5 la e o ‘_,;fl lo b3k
alisee LW sloaca s Llod b Lasso¥T Lail Gl 5 (500 sages 55 ko>
ENERGYPLAN |l;3ls 5 5l eolazl L (BS0 B20 B10 B5 Joli) Jpogm b Judss8
oaioly slacas ;o oy Jpnosm ol lid ol mlas w8 3 18 w0 50
aalss el |y aVlo 5LS 5,90 (65,0 JS 5 days FOIVA o VY MDA FIVD ol sy
Ol 5 a0 YVY g VYV /R VA ralS Jolee oo jay a3l Glie cpl 08
Uladal 6395 , il o ,d O &Yl 0, # 5 blod b cpizen .ol COy Licsl
3 AVl 5 50 (65,050 2oy 8 Lol el et lgioe JLo VY 5l e DL
A a0lgi e eolosiay Joe 5,8 anSTed o, YY wVls Ll zals 3 B50 e

D e op,S Ll Ay 1o (6 ¥0 edo FIF alS

o glagy G
VEALYIT e 2l e g
VEV AR 6,S550 g
VR AT g g

05lguls’
ol S

ey o 9 (551

(s g
Sl

ENERGYPLAN
LEAP

‘rw)ﬁjJ_.flidsb)‘é Sg—>9 ‘SL'l_o.A.Q (5)‘&\_?).“

doddo

9 9—>90 .la)‘)_w)o \3)‘9_9 u_i‘u,uk;n.\_a.up_ﬁ)d

Ol sl (55920 el ()] E589 B (slagy Lo
Sga> ol 3 VoA Jlow po (S wnSTies jLacl
e Qoo Yo lade cpl aS suld dwle (BIS VYN
L [Y] el S BY N Jlo 5l o] Gialsdl eSiles S
Sl oy 5 S il (2alS Coenl 4y a g
Glacs g (Kl sl ol S il gg, sndpll
S g O W AU SR HEPR PRV 0
hed S g (sl (orlin Sl s oo Sl

Ad

alie Sl esliul 4 5ls amex (938l39; 0k, 4 4z g L
DI el il g pSetir (l3# Jlaz 0 sil s o
Olidl g dd S g mlie pB3 ralS (ol cpl jo
Sl fin Gl 5 gy 51 (5551 B pme Lol
o 508 ol (2 @l (Sagll g Gl slasls
B azs 900 (daw ) bame G SIS (et (lgie
Sy baome 5 (65,51 0 ey a5 Ll ol @b S

Jgis Bains ™
Email: s_abedi@sbu.ac.ir


https://ses.ut.ac.ir/

YoVY lawo) o) 5 los ¥ 5,90 (5lauly (65 51 Lo poiownw

a2y b Sl glaaiss 5l (S 08 eslanal ol 5l o
7 8095y S (59w Fe-00 lyd 4
o wlgioe e (nl lacSidrg St )3 45 0 o0 Oy
D9 A s Sid Bogicans) (39 2oy At Sl i
Sl oSl S 5l Jnoge ads sln o5 ooyl
ol sl 8565 el LS ol sl cmalie &5
)5S 9590 Jgame g S oo by 155l sloaascin
LIV asl asls
Jl Jd ay S Losg Sy poms Joud (559 2
Webioe Frie Slo> 5 (AL slapsy, 5l S JRoge
S5 (39S ey 4 5l pae o 4 1Y 5 1Y
RULESVSICIN P COR URSIE (EUF ET SR\ SO
slaiy) Jobd Jpog pgd Jud 40 o s
crz slesl ol rals Js 4 18 VF] 550
Sl 50l anl plnil sl 53581 5 ane B0 ol
5 VAl sog YL (65,51 slsize 1l aasid> [V Y]
DRl o SCas B3y (9 b Jlade cpl & 1A
Sl g San g oy ol [YY V-] ab s
3o 095 el Jol o g o5 bt
ol Gl sl gl G g SuBlo g
VP TRV ESVON [JSON Y ICOP UYWL I
Sl fand g 0595 ok polie Sl (6 AL
Lo osl8 )l So 0y slys Slgo ol LS00 (gom 5l [YY]
Slsdllas 5l glaads ) Joozr ;5 s 5592
Shat Goos U Sl il sladisS (55, oadplel

sl 00 &8l Gl glgil i

D9 oo ABLD J09m pL L a5 i) S diien
3yl Gy oo 4y (5508 o] iy a3
99y (89 Ak (S oo 5l Jnogm [Y] w5 o0
oS sleysise ;o0 JSsil il o g lye 4
g sl glie Jgl Juus )3 095 g oslitul o
ol Ofs) IS diges &l (gzmen LS (2, |
C g galie 5l s ol [F] ai oo oolatnl &3
O &3Sy s Jposw 0y Gl (i
(2t coel auags (Ol Bran 5 (55,5l sla e
Pl by5i8 51 )k o (23 S Gl
Sl ) aslsz 9958 () S a5 Sln (orlie
22095 SEe) Jold Jnogm lie pod Juusd 5l ool
delss 5 (S O] o g CUly (02 5 oty
il oz gl wlondady Sogw ClS it
5 el YU lin ) e ol o o] elime 4 aiieun
9§ Jymame (b Fele Bady wais el
5 il wnl el oz 5l ol Bras il
Sy e 5l s ag [P] 355 (55l all>
LasSdag S glosl ol plopusdlS)ly See J o5
5 a0yl YU iS5 £ 50 LacSlag Seo [V] i
Digd iS5 5 el ol atile e Lyl o wilgs e
el (23Rl g Wil oo STl g e 55001 5]
0By () S g [A] Bl S35 w5 sl
RIS P g (o eilgn (e STl ]
828 Skl Lol pge slagShg 5l (Ko !
Sl ol )3 (lgiee & Cosl (2 4z BB jlade

ilido (Laigs buwed Gl jl dlge (s j B> (ylodily g 00gT o § dud gl Cad )b Aoy lio ) Jgu

& Slgo Bd> I3 039 Cuunny § Sl gi & luy g Sl &8

[r\]  AvIY8%.COD . 153g.L" St Chlorella vulgarisBacillus

[¥-] a-/A%. COD 0.12 Gruer/Obiomass 0.92 g. L .day™ ks Chlorella. sp

[vt] A-7.COD - 11% lipid content b Euglena gracilis

[v¥] AY/.COD 2839 lit/ha.year 21.1g.m?2d* Sk Botryococcus braunii

- - mrl s e

[YA] <6-/COD - 25x10° cell. MI* S Chlorella vulgaris

[v#] ret. COD - S Chlorella sorokiniana
Yv/#/..BOD

[¥V] - 38mg. L? 1.02 g/L ko Chlorella sp.

1. FAMES



BRRNPLROUE PSR SO SURITI Ll IV B30 TR CUWE S SWE PP %] PR RC ORI WP ERN N C OV pPRe 1

slaodlols adgi jlade b el ooz (Rl g 600
Eos o=l o S cns el a il moli8l 6 yen
ald a5l o) ez G gl LS o Sl
Desmodesmus Scenedesmus 5 Chlorella
Sl yo a5 w3yl |y L8 -l Cosmarium ~Neochloris
Ol gl (o d GhLSen 5 90 0 S 0D (o9
SP. 45gS aS ol 5138 asddllas ol o aniSle s laaigS
Ozl XS oo al ) Slay jo o9>4 Chlorella
«Sligal aoyd A (YL b aislgs so asS g0 ol glgsl
daai yo |, Scenedesmus S ,Se SUly o)) Kan
Chlorella 4555 95 (59, 99— )y o o ,LSe2
9o 4o 98,5 a =5 S. obliquus 4 stigmatophora
DB VYW L s g)lote s wd a5 S A5
YY) as sales oloul SOl gl o) Lol o i
b s Sl 5l b g (9,05 B ol Ken g 05 )le
Chlorella 4 Scenedesmus S_d>5,Sce g 5l solaiwl Ls
Ve 5l Gt ol s ;K0 dallas [YF] 0bs S vy
Bg5 cunS Jl p jaed so s Ae g (e lyiome e
Clil8 (pmen [Y0] 0—i 3> Chlorella vulgaris
@l 5 S5 18 (i )90 455 (nl 5 g g
Sz 9,800 ol o soda el g (slgiome ols ol
ol o Sen 5 I TP conl oSl S 5l i
3350 ST 5y (3595 pgigel (g3LaST Colils
S A1 AN AT/ i d A abond 5L
5 g [YV] wisls lad 1, YIS 5l eslatl b asyo A+/A
Olye 4 s xed Slay ;0 455 red S5l 55 oS
9 i 1al5 4 (3890 g 2505 oalitul STl oy
DA Sad a2)3 AT 5 A+l cod e 9
5 oS Sl il oog S ol 00 (o
g0l by S adgl g Cllo g cpuioren
5 &5 el Ol wigey 50 (ks BB GBS ]

1. Chemical Oxygen Demand (COD)

)

sl il adox 5l Sl S (gl (g p5k8 (o

aSlaly ae g glady) lapiuc 5 Slopls il il
25k el Glaptacn w39t 3lgi Sl 51 [YY]
IVO] 95,05 5508 )5 diny (sl 9351, 53Lig25 b aslie
csimiiass ) ool Ly LacSdag S oS 5l oy

e
Sdloy pbas gl il L (oilwassd ook il
Sl 5l 8 gl sln stlie slagsy, s e
ot ] G ipgmye 45 Ceol 8,5 18 ooliul 550
gl (Pla L glzh) gle -mle gl 2l (029,
09y 03 [Vl ol gl 3 iS5 5 (Sl 398 e
slosliinl pace g oslitul j3 (2ol 3925 b (29, on
6ol yladie & 5ls g 958 0 plonil (oS g ( >

L gl Uiy 5o IVV] ol aigld ool gl olsa 51
Jlo ey Lalwodgs o) Pl sole ( Pl 5l oolazul
P ool 5 el s U 5 Jleil o oy
s gyl gy [VA] Gl aadlS ooiisosliceu
B plosl Sgpe 03985 (oo 970 (2l (Slu 392
E935 Joixl oS o joo)ls yosd Josl JoB 4
5 = 358 S SIS e SLSU S
Som ghAl gl Dgel B By, 40 000 929 ladiges
Sras an s Jlo (e 0 el a8 oty Koo @
lio S50 ol jo oolawl glym g o) YU (655
5 Jnde CorelSiy il il 5 al3 50 [YA] s
So a0 Jelie b Sl (489, ol (5l P
s 386 5Ty ol SN gams 355 g0 A5 CamglllS
L] el ooz sl sl o 9 jddS” Jl
W bl d o Sl ol Sl e azgi
L Sl cais b plgie 4 OB Clay 5l Glgs o0
o o mlie 5l oslizal als 5 Gley Lbad Gun
am OleSe ) Sl (A jeb a3, S eslin]
s S ((Saio - (5))liS (e sladcgor )
G (29518 9 (e 1 55l IS sjlen o
9 039 3l solas polde ol el S oS
Sy gy Joli (6 s OSB dhal el yiand
5 T Sly—e Aokl 5 Glas 5 Jslome dlgo Bl sl
Ol Sl )See tanl iad g (5905 aiile Jolone e
5 youd B> Jas dbal pgw JB 0 Uil |y cools
S5 iy Ly as Ll 5l aims plal ) (3520



YoVY lawo) o) 5 los ¥ 5,90 (5lauly (65 51 Lo poiownw

sy el Lyl Ll zals slacasln
A o Ly li8la s cnl sl eslanal b () Ses 5 90 [YY]
S golatdl Jolos g ol 65,51 aabp (28,5
dangi (6551 Bpan (halS Bua b 6551l 55,460 5
5 &3l gl ENergyPLAN 15 8ls 5 [F¥] wols
byl b i 9 J ey 5o 655 lapius Julos
o3l LS @ Jl8le 5 ol [FO] 09 0 03 )15 4 Loy
= 3 pianaes) 65,5 it gl SIS wss s
o [P 0 oolal (lman—d ;o (pdqoyaas
L el VL (g ppdycilhanil S5l 5l 4o ososli
Silas 5 JigJos (o sl Gl slais a5
LIVT w3 oo g 1) GaleyS 9 Gale o 0 Lo e
5108 eed sl o]y gy ulow 4 allie ol 4o
S jleolital b (g S g ddgi )3 Cann ) Lane

P55 5 oolisal Uy (s b sl 4 Solirs S

o=l e awl ool assls y LEAP g EnergyPLAN

(':-’LS-A s‘-’)il—"j gj u,-‘l-l)l-’ Q‘}-:-" u;.’b.j)‘ o> i
5 S ety Sl oleien slog i S 555
el 4518 e 0550 looai VT il als

BLATTY)

suwant o ddke ‘_g).u

Ol 3o 5938 5,5 805 G8 pan lg aSLl 4 azxgi b
W (590, QL.,JJ;'- 9 QLQ; ‘QW\ ‘Q‘)-&:; GLQQ[LAJ‘
Sy9— blie plome an il Loz (ol adlllae (ol )
9 mwroz Slbl Y IS o axd 513 S e dxlllas
ol ool eoly s il Slaz cpl o OB udgs
oo, 0A L lawgio job as o)l (65,50 dabjl g 5ubo
oOLD._HJ‘ J_Q.tsd_o} p_.w )\) Q‘)_" J_.jj)lf d)_aa
ST g 8oy Slaasl 5 lee (185 s o b 0gd e
oeSils i 50 0 S9 LS VIV [958 isges 5l S
oo J3938" i 5l 005 ST JLasil olie
LEV] sl Jlo 50 0,8 9SSl o5 ygukeo YA/AY

9 65 ol dbigm o (5l (B pao 8395 Conmns
Soliie Cogw CoutnS (Sl s adgs aS (o8] 5!
olsil o> slbanwl S5 o Eoid 4 a>gi b N

ay

Sl il 5l eslawl b ol g (65,00 dde conon
9 @A.JS‘ ul)_....su ) d_vy)L._..u &= )l oéLo.._m‘lJ
Byae 5 65, adg s 51 b goladl - claza]
2 oS g (g, [¥A] aslopy > 50 Ol ol
Jol o (s Jpogm 0l 556 Qb)) 4 095 b
g ol s eadol g mulis oSl pgo g
Fao w Y LY Jol Jos b0giins 5l Sy S gus
LN SV Lg)’)sl..if 6‘)-.’ oolazul D)4 (30 9 g.;‘ &L;,o
Ao o 8 gl Cood 1) o a0 ¥ Lds
32 5 5 o aisey el 4 i 5 515 [¥4]
22 9 4S5 9S50 oKl g 5590 5l eoliud
oadoly gl gl s e ol 5l Jposm ade
30 oo, Koldl oy ég, Bluls 5l cdgw adg ols olis
e 0,Lbe VT Sog Tl 5l asilg o Yo¥ Jlo b asS s
IF] S sl 5525 cnl Gued Sl @y
et e 3 e s 3l 9 s
556> ,> EnergyPLAN LEAPNEXSYM WEFSIM
i3le s 0l Bl axwgs (65,5l 9 ol dgn o)
albin S, WEVFSIM  _waige (s3lwans
L K PP UNCURT R PO O v
o ol ol LagT el 5 @b 0] bl Lo
) ol a8, 50 Lol slo g5l ansess culld
Jd 6l lwanes lados 5l %0 (S0 [TV o)l
L 8o 5 cnl e NEXSYM dié g (55,0 ol Conron
Bpas g (S bams (8 Lol bjom aw (185 L o
o= 55 LEAP I3 8le 5 [YA] 0315 10 co Mg o)y &
adg e aliie Glag b baS o)l culls
) aibaie G bisee Lyl i 1 o] 36 5 SIS slayls
SFodlialbogs agh )3 () Ked 5 g WS (o) 2
olaidl ol 4 b e iz slogy L LEAP I58l6 5
PPN [ IR Xt PY TR BRER e
slayl8 ohlssl j s Gezren 5 (55155 et
OhtSes ¢ LG [TV ] szl p LewdS 158 j0 glaills
)5_“5 ‘L’"‘)—“’ LEAP )‘)_9‘{:): )‘ oolazwl l.: QP @y o
@l glog liw G, L V-0 Jlu bl LSy
25U ey A 8l ol 5l esliiul U o LSan



BRRNPLROUE PSR SO SURITI Ll IV B30 TR CUWE S SWE PP %] PR RC ORI WP ERN N C OV pPRe 1

ol 65,5 g ol Cvon o= 1, Chlorella.sp

5108 o5 el G g (B3l 83 ¥ S L0l
b=

uL..M.’ )‘ oolaw L’ ) u:>9...o ..\.:Jg.v 30 S

Do o Gluled 1y (50

Chlorella.sp .l pge oisS glp Sl G55 0 540
Gatgae- (L day)™ Joloo o] s3g5¢nn; Lalls (s 90 0

= Khorasan Razavi ]
{ \‘\ Population: 6.435 million
Area: 118,851 km?®

Wastewater: 39400 m® day!

FauPZedl

Tehran
Population: 13.27 million
Area: 18814 km?
Wastewater: 430159 m® day™!

7~}

Population: 5.121 million
Area: 107.029 km?

Wastewater:43200 m? day-!
i‘—a N e -
= Kerman

Population: 3.165 million
Area:183,285 km?
Wastewater: 6900 m® day!

' gulgi OMSL paxo g Camos Wlastie g axllae 3 yg0 50game ) S

/—.' Wastewvater \

Food Vastewater
/ treatment
co2
Energy Algae

carriex __ =W Glycerol

\ iodisenl
Land
L'
Agriculture / ater

‘-_‘_____.’/ Fertilizer

" 6 e olany 31 00liiusl (s § g Sl g 50 Conn 3 Janmo 9 10«55 51 el (o gy ¥ SIS

ay



YoVY lawo) o) 5 los ¥ 5,90 (5lauly (65 51 Lo poiownw

adg sl v plas oloiws glp 4SS S saldS @ )ls
o u)).i)l} u‘}‘& L ‘u)’L@lB ‘l°l'> sols S959 ‘u}}w
2 Jpdg adgi slogs b bl 5l eowliawods b
oad oole Lid ¥ Jouz jo calizee LM slacans
L el oo ool Lid ¥ Jaaz j0 aS jobjles
o 83959 Sl jlae,s FY g aSil 4 4z
cwlin O g BB lade wile oo (Sb Sl cotS
4o azgi b aS 358 e ) S (2l 5l 55008 sl
Gads ol 59y 50 8 e ol 2 V0 Bras Sk
9 M_.m)‘ su_.....s? (5)L~J Ls‘)—' oolaiul SHgo 4o as
s YINYD NYY Jlade cpl a5 o5l pow (59 ,Lw
i oS g ol o an axgi b ogd o ol YAYF
S92 sl o (2l & Az g5 50 30 ()L (eSS
63959 wlas Glie bt cpl jo Job b 55 .ol
et o ¥ ¥ Y golew jo 1y ks cpl wilgh co yelS
Ol nl &2 msy Sl ol 08 5aal O (5l
ly8l 5,8 g LEAP I 8le 5 5l eolaiwl L oy 5l
Sl u)l_.alﬂ :\S.._w L ‘5..4).»....4.) )b GM)Q I m}!l...q
Oy S A o b Sl (pw s 50l plaxdl
U_“ :\_79...' ] 0 00l QLM.A-' Y JLMJ 90 S
ol e, B AVl by 5 b aes oe (LA (ow)
B cnl el b iadde 3825 0 o)l @ Gl o0 JLo
5 Lagls (ol slapl2e o (i 58 oy o0
2Bl (55,9LeS slacres

LEAP 13810 55 bauso 33 0 (230 oyl 30 (235!
Loolbas ) didai eod )b 56 vy jolate 4
le s 5l =l mle Dbk » (Sl &5 5l eslazl
5L 158l 5 ol 31 ool b el o 00lizlLEAP
Alsb b oo b, = u..s)j)_b.»
5] Camdy amex Al 18,5 a5 0 b coddbaihas

03— ) asJlas Sy ‘ij».A 9O 9990 LS" GL..A

o 30 (25 dnSTlg0 HLAGl g i Gl 2L 35
EnergyPLAN ,l31e

9 Sl e L e pay, COz alS g cis
oSl ) 058 (o0 Dy9e J5938 L Jnosm (R
OamST A gl 0,5 ain lgie 4 CO2jl oolaxwl b
‘COZ = og)‘l.c u.w; ‘5” é“""’ u_i: )‘ oolawl L: ‘_g)L..»_>|
S 3l ool Ly Ll B9 5500 O jg0 4 (> L
Sl A aaS alh ) )8 ae Glgre 4 subias
Loy CO;p silwlaz g iz ool ols ylas o Shee
b a5 Lol 51LIPA] ol soys Q¥ B s oSl sy,
o S35 olsi e ENERGY PLAN 38l 5 5l oolical
5 Gy ¢ el ke 1 (5] s 0 Slac
S eyp hy JRigdes Ao g o (Gl S
)‘)J“n)_: )‘ ool l.: C02 J.».l:uyb):u ).ol.> axllao
% plxil ENERGYPLAN

baisly

Sl 35 3 ooliinl by (6 e Gy anns § A
= 2l 25 lolay 5l Jpose adgi SOl 4 az g b
Oy 855 (o 0,5 Az )0 g (p)S dwnSTeo Lal

ST 3L 2 o 5l g LW s glogy )b 30 oy J3000m ¥ Joo

oad 3L of Ry N l(m” 00y § i Jpogw Sldle I pao Sy
v o @ b (m ) v v -\ " e
(m". year™) (ha) (m") (m'". year™) CS g
FYVOFA- - ) FYYYAA/0A TAFALN O AYAAAY/YA Bo
SYZNAT R YYNY AYBVYe Yaoas/ve V- APYYVISD BY.
YAFA95A - A At WA\ AN VEAVVEANY YY-VEXO/YA BY.
INNAREARE VYAIAS YAYYAY/-Y FYFAYY/AP OYAYAFY/YY Bo-




BRRNPLROUE PSR SO SURITI Ll IV B30 TR CUWE S SWE PP %] PR RC ORI WP ERN N C OV pPRe 1

‘53‘..\_9 5)_4..‘79) L;|)5_>).:.cu§15..am ‘_g‘).’ wn)u.ms
.mo@)lﬁjgtg‘;‘:ﬁl)dhuol)_él

Sl 33 (Solor 809 ) 3l (s j S g Sl g
Ul byl cdlie () o sadpll sl gy 5l Bun
2 5538 Bran it 5o 5l 05 65,5 s
2 Sglite (55,51 (glyme an azgi b el Jiig Je
Lo )90 Josm o2 eyl 52 50 Jnogm S sm
oddadg (65,0 Hlake ¥ S Ll Dglaie o pox>
L) oge )l )0 oadich o5 (oS 5 Slodend 51 4 2 o
2 Jrdg o655l eS Jladie S99 b s o0 plis
FOIYA g YYITY AOA FIYD i ju O LY slog lw

S o u-'-"l3 Iy &Vl 55 0,90 5551 JS 5l oo

9

-]

8

-]

7

=

6

S

5

)

4

=

(5 (ygekeadoonar

3

1

2

]

B}

2019 2021 2023 2025 2027 2029
J-
\

140

I

2031

Dt 5o Yo B0 o 136 6 55hS o s sl

Sl oot dy O i an 4> g5 L .ogd oo oolaiul
S S, S adgl NS )0 (55,9laS 8 s
Shdie 4y 4295 b (Bib 5l el mly Sl (250 93
oo dichy o5 glagy b 5o il (6l o 5l (Sl
VYYIFY g #0188 XYNA A0/ Glas oo AVl ol iy
FEO s s 4ds Jolee a5 cllls 1aé odgs o5 Jle
o=l Gl el Lo o 508 58 YROI o FA/0 N -
659t pefiae Y garme (ogasa olie slge jlude
5SS annls waler cude 5L ol Bl LA conS
Jposm adss Jol Jus 3l eslaiul a5 ol Lol LYo
aS e el CiS o) g 1aE ol 09 sod Sl

B Population
B dastresi be fazelab.

2033 2035 2037 2039

Comasr Ay (58,5 0 50 b Ol 4 (o yiwd 5 (w0 VS

120

Power production (Twh/year)
o (=) o0 é
(=] (=] o

[
(=]

Base scenario B5

(=]

M Diesel

B10 B20 B50

Scenarios

m Biodiesel

TS 5 Wt sl 31 Sy 1 50 J3r00m 3l £ gl (655 ol b S

0



YoVY ol o) 5,lods oY 5,90 (ylauly (65! (sl pscmans

e 3s B0 (Ve N e il eolatl (o yioren
el 5] s Ay 2alS Ys (ygekes FIE 5 YEY VA
s dalg> 3a2g ST S
b olaidl oSl 5 00yl _at 30 ogas o
S o Sl ooy s iy 428 S aloul ladlas
@l Voo yee Job b sy, (Sul> ol dbai piaens
NA 2y e o aloyw iS5l 5 (A3 005l &5
e i [FA] ccul ouls o”Tﬁ J ¥ g as,0
B yan 5005l GHlwlaz 4 barye (6 354 s
dg s, b gl 4 sl &8lio g 00 o Sl
b Jels 0 Sk 35,) 4 eog3ens; o5 B0
Oeiomed [FA] ol sodaiial O caSeyie e Y-
5 el g daas solazsl ‘S:L.:_)')‘ 3500 dllae (o
)9_4 )‘ ool el ool uLu.u VW) ORAY 6L£bw
Sl Sl 0353y 2l Jyame 53518 5 b
sledan e yials cel e pa el Blas jo colatul

[0+] a wnlss Jols ailin (153 5 5>

g 3l Jomn 5 8 L hals
ol 50 YT g se 4 CO, il p s Gy, (w2
soboles el 555 1 oliwas Cowal §l Co g 5l 2o
3800 Ly el 0ol ools las (@dk0) JSi 0 as
Jol> CO, Ll e jo 2alS 3o )0 YVIY g VYV
3 S deeS1es (e ol sLasl 6 S sl 098 o0
bl )5S sl yomie wlgi oo o slojeed
Ceodlws 05094 5 Slets Jbo sl s oo (il ol
Slaal 5l il as s )l (-0) JSi 09—l axal>
JoBas o blon .l oo ool lis Sl go 0 ,S
L aidl Lasl anSlia 0,8 dusp liee ool (S
GalS (s ek an S g 10 Jpde e ORI
Qo0 oS 5L Jdow cpl bl 4 azgi bojls Jposm
=l gloan e a¥le ded L3935 cigm b 509
b oo LS Yo edie AQ B5lasl 4, COy Jlicl )

35

— — [ (=] UJ
(=] Lh (=] L (=]

Carbon Emission(Million tone)

Base scenario BS

B10 B20 B50

Production

mAmount Mt) ®Reduction (%)

Co, Emission Cost

Base scenario

<

350
300
250
200
150
100
: -
o [
B> Bl10O

B20 B50

Scenarios

"(0) g s whool 33 CO HLicil &y 3 (Al Giliisen glags ybaw 3 CO, HLicil & JSi




BRRNPLROUE PSR SO SURITI Ll IV B30 TR CUWE S SWE PP %] PR RC ORI WP ERN N C OV pPRe 1

[3]. A. Wicaksono and D. Kang, ‘“Nationwide
simulation of water, energy and food nexus:
Case study in South Korea and Indonesia,” J.
Hydro-environment Res., vol. 22, pp. 70-87,
2019, doi: 10.1016/j.jher.2018.10.003.

[4].E. Martinez-Hernandez, M. Leach, and A. Yang,
“Understanding water-energy-food and
ecosystem interactions using the nexus
simulation tool NexSym,” Appl. Energy, vol.
2086, pp. 1009-1021, 2017, doi:
10.1016/j.apenergy.2017.09.022.

[5]:M. C. Rulli, D. Bellomi, A. Cazzoli, G. De
Carolis, and P. D. Odorico, “The water-land-
food nexus of first- generation biofuels,” Nat.
Scientific reports., vol. 6, no. 1, p. 22521, 2016,
doi: 10.1038/srep22521.

[6].M. Melikoglu and A. M. Cinel, “Environmental
Technology and Innovation Food waste-water-
energy nexus: Scrutinising sustainability of
biodiesel production from sunflower oil
consumption wastes in Turkey till 2030,”
Environ. Technol. Innov., vol. 17, p. 100628,
2020, doi: 10.1016/j.eti.2020.100628.

[7].J. Hill, E. Nelson, D. Tilman, S. Polasky, and D.
Tiffany, ‘“Pnas-Biofuels-2006,” vol. 103, no. 30,
p. 5, 2006.

[8].G. B. Leite, A. E. M. Abdelaziz, and P. C.
Hallenbeck, “Algal biofuels: Challenges and
opportunities,” Bioresour. Technol., vol. 145, pp.
134-141, 2013, doi:
10.1016/j.biortech.2013.02.007.

[9]1.C. Y. Wei, T. C. Huang, and H. H. Chen,
“Biodiesel production using supercritical methanol
with carbon dioxide and acetic acid,” J. Chem.,
vol. 2013, 2013, doi: 10.1155/2013/789594.

[10]. 1. M. Atadashi, M. K. Aroua, A. R. Abdul
Aziz, and N. M. N. Sulaiman, “High quality
biodiesel  obtained  through  membrane
technology,” J. Memb. Sci., vol. 421-422, pp.
154-164, 2012, doi:
10.1016/j.memsci.2012.07.006.

[11]. Abedi S, Astaraei FR, Ghobadian B,
Tavakoli O, Jalili H, Greenwell HC, et al.
“Decoupling a novel Trichormus variabilis-
Synechocystis ~ sp. interaction to  boost

phycoremediation,” Scientific reports., vol. 9, p.
2511, 2019, doi: 10.1038/s41598-019-38997-7.

[12]. Hajinezhad A, Abedi S, Ghobadian B,
Noorollahi Y. “Biodiesel production from
Norouzak (Salvia lerifolia) seeds as an
indigenous source of bio fuel in Iran using
ultrasound,” Energy Conversion and
Management., vol. 99, pp. 132-40, 2015, doi:
10.1016/j.renene.2019.01.057.

ayv

g (=l e o5aS g (65 B pae Lol 5
J._:Lcu » L‘”uiu-*—’ “9"’56})"‘ ‘UT Moo U el 00
30 el Gl il 5l SO Glgme 4 cesy Lo b
¥ RInad Glaptns (0 5 grkae Soyl gels
33 3 3 g B3l heagi (slataliy sl
)’l oolarul BRIV N ‘5))_:1 “.j Sgu ol dsllas
Sds (6l 0095 po s Olsie 4 Sl
)‘)Jlfa)_u )| ool l_a L.S)'e(—"" Lgl_:aul_w )‘ J)J\)B_AJ
s Cypizman 2,8 L8 sy 5,90 ENERGYPLAN
o0l by ol (gt Lo b o 1l ) pslite
LEAP 15300, 51 ol alie ol o (o Selr 855
C g ool sl b)) ol jo .l s soliul
Ol 2 St (9o JgJom it )3 (S35
o3l alisee LS slaloms Ll b looan,¥T Lacil
38 syt 3y30 (B50 B20 B10 B5 foli) J508m b
B0 Jpnogw suils Oyg0 y0 ol lis mbs .cd)8
550 dilate 5 4Vl 5o 3,50 (g5l US 5 doy FOIVA
O Slay bl elod (izren 098 oo (el aslllas
O oy 75 L L &labal 699,945 g0 0 0l
o & s Jo VY 5 e Gl o 3 o
Olime 0 GralS ao,d YV L oS aisu 3as5 g )lw
Jolse zalS 5o ol 09 dles ol o COy Lacl
CO, Ll 3l sl agse o uals Vo el FIYF
AW L g oo slailei cpl o) b paizen .ol
839> 3 5 83k bbSilr wd) b o cuSayie (5ol
uYe_M 9 (5"“ 5)_~7¢J) a S é; oolazwl Lg))su

o walss bl Sas li

&l

[1].Abedi S, Nozarpour A, Tavakoli O. “Evaluation
of biogas production rate and leachate treatment
in Landfill through a water-energy nexus
framework for integrated waste management,”
Energy Nexus., vol. 11, p. 100218, 2023, doi:
10.1016/j.nexus.2023.100218.

[2]. M. Crippa et al., “CO2 emissions of all world
countries:  JRC/IEA/PBL 2022  report,”
Publications Office, LU., 2022.



YoVY lawo) o) 5 los ¥ 5,90 (5lauly (65 51 Lo poiownw

[13]. M. Ahmad et al, “Base catalyzed
transesterification of sunflower oil biodiesel,”
African J. Biotechnol., vol. 9, no. 50, pp. 8630—
8635, 2010, doi: 10.5897/AJB10.1229.

[14]. D. M. Kargbo, “Biodiesel production from
municipal sewage sludges,” Energy and Fuels.,
vol. 24, no. 5, pp. 2791-2794, 2010, doi:
10.1021/ef1001106.

[15]. A. Demirbas, “Biodiesel from waste cooking
oil via base-catalytic and supercritical methanol
transesterification,” Energy Convers. Manag.,
vol. 50, no. 4, pp. 923-927, 2009, doi:
10.1016/j.enconman.2008.12.023.

[16]. A. B. M. S. Hossain and A. N. Boyce,
“Biodiesel production from waste sunflower
cooking oil as an environmental recycling
process and renewable energy,” Bulg. J. Agric.
Sci., vol. 15, no. 4, pp. 312-317, 20009.

[17]. J. Van Gerpen, “Biodiesel processing and
production,” vol. 86, pp. 1097-1107, 2005, doi:
10.1016/j.fuproc.2004.11.005.

[18]. G. W. Roberts, M. O. P. Fortier, B. S. M.
Sturm, and S. M. Stagg-Williams, ‘“Promising
pathway for algal biofuels through wastewater
cultivation and hydrothermal conversion,”
Energy and Fuels., vol. 27, no. 2, pp. 857-867,
2013, doi: 10.1021/ef3020603.

[19]. Y. Chisti, “Constraints to commercialization of
algal fuels,” J. Biotechnol., vol. 167, no. 3, pp. 201—
214, 2013, doi: 10.1016/j.jbiotec.2013.07.020.

[20]. J. D. Sheehan, T. Dunahay, J. R. Benemann,
and P. Roessler, “A Look Back at the U.S.
Department of Energy’s Aquatic Species,” Eur.
Phys. J. C., vol. 72, no. 6, p. 14, 2012.

[21]. B. H. Um and Y. S. Kim, “Review: A
chance for Korea to advance algal-biodiesel
technology,” J. Ind. Eng. Chem., vol. 15, no. 1,
pp. 1-7, 2009, doi: 10.1016/j.jiec.2008.08.002.

[22]. B. J. Gallagher, “The economics of
producing biodiesel from algae,” Renew.
Energy, vol. 36, no. 1, pp. 158-162, 2011, doi:
10.1016/j.renene.2010.06.016.

[23]. N.F.Y.Tamand Y. S. Wong, “Wastewater
nutrient removal by Chlorella pyrenoidosa and
Scenedesmus sp.,” Environ. Pollut., vol. 58, no.

1, pp. 19-34, 1989, doi: 10.1016/0269-
7491(89)90234-0.
[24]. O. Summerton, “The Bernean Grid,” Trans.

Anal. Bull., vol. 8, no. 1, pp. 27-29, 1978, doi:
10.1177/036215377800800107.

[25]. A. L. Ahmad, N. H. M. Yasin, C. J. C.
Derek, and J. K. Lim, “Microalgac as a

aA

sustainable energy source for biodiesel
production: A review,” Renew. Sustain. Energy
Rev., vol. 15, no. 1, pp. 584-593, 2011, doi:
10.1016/j.rser.2010.09.018.

[26]. E. Zhang, B. Wang, Q. Wang, S. Zhang, and
B. Zhao, “Ammonia-nitrogen and
orthophosphate  removal by immobilized
Scenedesmus sp. isolated from municipal
wastewater for potential use in tertiary
treatment,” Bioresour. Technol., vol. 99, no. 9,
pp. 3787-3793, 2008, doi:
10.1016/j.biortech.2007.07.011.

[27]. A. Ruiz-Marin, L. G. Mendoza-Espinosa,
and T. Stephenson, “Growth and nutrient
removal in free and immobilized green algae in
batch and semi-continuous cultures treating real
wastewater,” Bioresour. Technol., vol. 101, no.
1, pp. 58-64, 2010, doi:
10.1016/j.biortech.2009.02.076.

[28]. P.S. Lau, N. F. Y. Tam, and Y. S. Wong,
“Effect of algal density on nutrient removal
from primary settled wastewater,” Environ.
Pollut., vol. 89, no. 1, pp. 59-66, 1995, doi:
10.1016/0269-7491(94)00044-E.

[29]. A. A. Fathi, M. M. Azooz, and M. A. Al-
Fredan, “Phycoremediation and the potential of
sustainable algal biofuel production using
wastewater,” Am. J. Appl. Sci., vol. 10, no. 2,

pp. 189-194, 2013, doi:
10.3844/ajassp.2013.189.194.
[30]. Y. Lietal., “Characterization of a microalga

Chlorella  sp. well adapted to highly
concentrated municipal wastewater for nutrient
removal and biodiesel production,” Bioresour.
Technol., vol. 102, no. 8, pp. 5138-5144, 2011,
doi: 10.1016/j.biortech.2011.01.091.

[31]. J. Sharma et al., “Microalgal consortia for
municipal ~ wastewater  treatment-  Lipid
augmentation and fatty acid profiling for
biodiesel production,” J. Photochem. Photobiol.
B Biol., vol. 202, no. p. 111638, 2020, doi:
10.1016/j.jphotobiol.2019.111638.

[32]. Ho, Shih-Hsin, et al. “Algal culture and
biofuel production using wastewater,” Biofuels
from algae., Second Edi. pp. 167-198, 2019. doi:
10.1016/b978-0-444-64192-2.00008-1.

[33]. G. Editorial, “Membrane reactors-Part 1,”
Technology,. vol. 7, no. 17, pp. 743-753, 2009,
doi: 10.1002/apj.

[34]. S. Chinnasamy, A. Bhatnagar, R. Claxton,
and K. C. Das, “Biomass and bioenergy
production potential of microalgae consortium
in open and closed bioreactors using untreated
carpet industry effluent as growth medium,”



BRRNPLROUE PSR SO SURITI Ll IV B30 TR CUWE S SWE PP %] PR RC ORI WP ERN N C OV pPRe 1

Bioresour. Technol., vol. 101, no. 17, pp. 6751—

6760, 2010, doi:
10.1016/j.biortech.2010.03.094.
[35]. V. Matamoros and Y. Rodriguez, “Batch vs

continuous-feeding operational mode for the
removal of pesticides from agricultural run-off
by microalgae systems: A laboratory scale
study,” J. Hazard. Mater., vol. 309, pp. 126-132,
2016, doi: 10.1016/j.jhazmat.2016.01.080.

[36]. G.T. Ding et al., “Phycoremediation of palm
oil mill effluent (POME) and CO2 fixation by
locally  isolated microalgae: Chlorella
sorokiniana UKM2, Coelastrella sp. UKM4 and
Chlorella pyrenoidosa UKM?7,” J. Water Process
Eng.,, wvol. 35, p. 101202, 2020, doi:
10.1016/j.jwpe.2020.101202.

[37]. C. Song, X. Hu, Z. Liu, S. Li, and Y.
Kitamura, “Combination of brewery wastewater
purification and CO2 fixation with potential
value-added ingredients production via different
microalgae strains cultivation,” J. Clean. Prod.,

vol. 268, p. 122332, 2020, doi:
10.1016/j.jclepro.2020.122332.
[38]. R. Piloto-Rodriguez, Y. Sanchez-Borroto, E.

A. Melo-Espinosa, and S.  Verhelst,
“Assessment of diesel engine performance when
fueled with biodiesel from algae and
microalgae: An overview,” Renew. Sustain.
Energy Rev., vol. 69, pp. 833-842, 2017, doi:
10.1016/j.rser.2016.11.015.

[39]. Y. Chisti, “Biodiesel from microalgae,”
Biotechnol. Adv., vol. 25, no. 3, pp. 294-306,
2007, doi: 10.1016/j.hiotechadv.2007.02.001.

[40]. J. A. Nieves, A. J. Aristizabal, 1. Dyner, O.
Béez, and D. H. Ospina, “Energy demand and
greenhouse gas emissions analysis in Colombia:
A LEAP model application,” Energy, vol. 169,
pp. 380-397, 2019, doi:
10.1016/j.energy.2018.12.051.

[41]. N. H. Mirjat, M. A. Uqaili, K. Harijan, G.
Das Walasai, M. A. H. Mondal, and H. Sahin,
“Long-term electricity demand forecast and
supply side scenarios for Pakistan (2015-2050):
A LEAP model application for policy analysis,”
Energy., vol. 165, pp. 512-526, 2018, doi:
10.1016/j.energy.2018.10.012.

[42]. N. V. Emodi, T. Chaiechi, and A. B. M. R.
Alam Beg, “Are emission reduction policies
effective under climate change conditions: A
backcasting and exploratory scenario approach
using the LEAP-OSeMOSYS Model,” Appl.
Energy, vol. 236, pp. 1183-1217, 2019, doi:
10.1016/j.apenergy.2018.12.045.

a3

[43]. G. Hu, X. Ma, and J. Ji, “Scenarios and
policies for sustainable urban  energy
development based on LEAP model — A case
study of a postindustrial city: Shenzhen China,”
Appl. Energy., vol. 238, pp. 876-886, 2019, doi:
10.1016/j.apenergy.2019.01.162.

[44]. P. A. Ostergaard, “Reviewing EnergyPLAN
simulations and  performance  indicator
applications in EnergyPLAN simulations,” vol.
154, pp. 921-933, 2015, doi:
10.1016/j.apenergy.2015.05.086.

[45]. Lund, Henrik, et al. “EnergyPLAN-
Advanced analysis of smart energy systems,”
Smart Energy., vol. 1, p. 100007, 2021, doi:
10.1016/j.segy.2021.100007.

[46]. M. G. Prina et al, “Multi-objective
optimization algorithm coupled to EnergyPLAN
software: the EPLANopt model,” Energy., vol.
149, 2018, doi: 10.1016/j.energy.2018.02.050.

[47]. US Energy Informationn Administration,
“How much carbon dioxide is produced by
burning gasoline and diesel fuel?,” US Energy
Inf. Adm., pp. 2014-2015, 2014.

[48]. J. O. Ighalo et al., “Progress in Microalgae
Application for CO2 Sequestration,” Clean.
Chem. Eng., vol. 3, p. 100044, 2022, doi:
10.1016/j.clce.2022.100044.

[49]. Kumar, A. K., Sharma, S., Dixit, G., Shah, E.,
& Patel, A. “Techno-economic analysis of
microalgae production with simultaneous dairy
effluent treatment using a pilot-scale High
Volume V-shape pond system,” Renewable
Energy., vol. 145, pp. 1620-1632, 2020, doi:
10.1016/j.renene.2019.07.087.

[50]. Vazquez-Romero, B., Perales, J. A., de Vree,
J. H., Bopple, H., Steinriicken, P., Barbosa, M.
J..... & Ruiz, J. “Techno-economic analysis of
microalgae production for aquafeed in Norway,”
Algal Research., vol. 64, p. 102679, 2022, doi:
10.1016/j.algal.2022.102679.



