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Motivation — Produced water

3 BTN Obecives  Methodoogy  Resuts  Concusion

= Salty water trapped in the reservoir rock and brought up along with oil or gas
during production

» These waters exist under high pressures and temperatures
= |t can contain very minor amounts of chemicals, oil, and metals

= Every year in the United States about 800 billion gallons of produced water is brought
to the surface along with oil and gas and about 98% of this water is routinely
disposed as a waste product

= However, these large quantities of saline water have great potential value for algal
biofuel production

= Scientists recently were successful in conducting the first pilot-scale test of algae
growth using water from an oil-production well in Jal, New Mexico
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Challenges
- SEITCNCTINEN  Obiecies  Metodoogy  Resus  Concluson |

High capital, operating & production costs

A
N
N
N

K¢ Relatively new technology

Variety of algae strains

Lack of optimal design of cultivation systems Difficulty in scaling up
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Biodiesel Production

6 EEITMTTEEER  Obiectves  Methodology  Resuts Conclusion

[Selection of Algae Species] »»»> Varying oil content and specific growth rates

[ Selection of Location ] >»»> Influences climatic conditions and sunlight

[Algae Cultivationj

[ Harvesting J

| Drying

Extraction]

.

[Transesterificationj
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Research Objective
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Optimization

"& | mwowion  Obecives  ECTCITEEN  Resus  Conclson

Optimization focuses on finding the best solution from a set of available
alternatives subject to constraints.

Objective Objective function

Function L : _
S To minimize the production, operating and
transportation costs of biodiesel

Alternatives

Decision
Variables

Constraint i ivati
onstraints = Optimal algae cultivation systems

= Reliable supply chain network flow topology
of production and distribution centers

Alternatives

Algae Species — I. galbana

Cultivation Units — Raceway Ponds

= Geographical Locations — USA

= Routes

= Means of Transportation — Trucks, Rails, Barges, and Pipelines
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Alternatives - Locations
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Alabama Gulf of Mississippi 11 I
Kentucky N Houston Transesterification
- Gulf of Mississippi
Georgia Paducah : Houston Demand
Oklahoma Mobile Gulf of Mississippi
Savannah ulf of Mississippi
Virginia Paducah i Houston
| Tulsa S ) Mobile
Arizona Norfolk a|v o Paducah Los Angeles
North Carolina Phoenix Tulsa Savannah d
South Carolina Wilminat Norfolk Tulsa
limington Phoenix Philadelphia
Charleston . Norfolk
Wilmington .
Phoenix Chicado
[
Charleston Wilmington g
Houston Charleston
Los Angeles Toledo
hiladelphia Houston
Phl' P Los Angeles
: I'Cj‘go Philadelphia
oledo Chicago
Toledo
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Alternatives — Means of Transportation

10 || inwoducien | | Objecives | SVEURITNNNN | Resuts . [ Concluson
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Alternatives - Routes

0 wowein  obeoves  EECTTTTEEE rews | comor

THE UNIVERSITY./ Soumya Yadala, Selen Cremaschi l ]—
@TULSA 2015 IPEC TUPSE



Decision Variables
12| inwoducion  Objectves  (NNIITEENEN  Resuts  Conclsion |

DAProduced(Sloc), NEGEES Objective
Supply Npong(Sloc), Function
TSAna(Sloc) (T p—

Decision
Variables Constraints

TransportTruck(SIoc Ploc), N+,,«(Sloc,Ploc)

DATransported(Ploc) . Port . DAAvailable(Ploc)

TransportTruck Rail, Barge(pIOC EIOC) NTruck Rail Barge(pIOC EIOC)

DATransported(Eloc) . Extraction . AOProduced(Eloc)

TransportTruck Rail, Barge(EIOC T|OC) NTruck Rail, Barge(EIOC TIOC)

AOTransported(TIoc). Transesterification . BDProduced(Tloc)

TransportTruck Rail,Barge, Plpellne(TloC DIOC) I\ITruck Rail,Barge, Plpellne(TloC DIOC)
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Objective Function
13| inwoducion  Objectves  (NNNUFEENE  Resuts  Concusion |

: Objective
Alternatives Eunction

. [ ElecticCt
Min . Optimization |

10 1 +Water Ct
Z = CpCtPond + BExt + Trans +TranpOFtCt + Z n
Ll (1.|_ M ARR) + LandCt

+ OpCtPond + Ext + Trans

Capital Costs Operating Costs

0% 1% 2% m Site Preparation

5% |19/ 3% 4% ® Pond levees
® Paddle wheel 2% = ?i) u Nutrie.nts
" Harvesting ® Chemicals
) Flocculation ® Labor
= Maintenance and repair

Decision
Variables

Constraints

1%

%1%\

1
3%

H Extraction

® Water & nutrient supply Operating supplies

= Waste treatment m Taxes and insurance
= Buildings, roads, drainage

Electric Supply and distribution

Instumentation and machinery

= Engineering and contingency
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Constraints
14 | woducton  Objectves  (NNVETCEOTEVENNN  Resuts  Concusion

Objective
Supply . DAProduced (S10c), Npgq(Sloc) Badsicin s Fanction
Optimizati

TransportT,uck(SIoc Ploc)

n pond X DApr oduced Soc ~ Tr anqjort-rr uCkSIoc,PI oc

TransportTruckgocip,oc = DA\ransportedp,oc

DATransported (Ploc) . Port . DAAvailable (Ploc)

TransportT,uck Rail Barge(PIoc Eloc)

DA\ransportedM oc = DAavai lablep) o
D ryal ga availablep) o > Z Tr anspQrtTruckP loc, Eloc + Z Tr ansportRal Ipoc,Eloc + Z Tr ansportBargeploc Eloc

Elac Elac Eloc

Z Tr anspor tTr LjCkPIoc,EIoc + Z Tr ansport Rail Ploc,Eloc + Z Tr ansport BargePIoc,EIoc = DAransported Eloc

Ploc Ploc Ploc

Decision
Variables

Constraints
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Constraints

5 mwaeion | oneoes DTSR Feds | Coneon

DATransported(EIoc). Extraction . AOProduced(Eloc) Alternatives Objective

Function

TransportTruck Rail Barge(EIoc Tloc)

Decision

Variables Constraints

DAransported Eloc

AOProduced Eloc

xOC

extracction species

AO produced Eloc 2 Z Tr anSportTr UCkEIoc,Tloc + Z Tr ansport Rail Eloc, Tloc + Z Tr ansport Bar 9€Eioc, Tloc

Tloc Tloc Tloc

Z Tr ansportTr L]CkEI oc,Tloc + Z Tr ansport Rail Eloc,Tloc + Z Tr ansport BargeEl oc,Tloc - Aotransported Tloc

Eloc Eloc Eloc

AOTransported(Tloc) l ({211 S1=1 =l (1i{e= 11 0]31 ) BDProduced(Tloc)

TransportTruck Rail,Barge, Plpellne(TIOC DIOC)

A Ot _ BD Producedy;,

ransportedTjoc
3x Hir ansesterification X MWBD
MW,

ipid
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Constraints
16 | woducton  Objectves  (NNVETCEOTEVENEN  Resuts  Concusion

; Objective
Alternatives :
AO'IIransported(TIoc) . Transesterification BDProduced(Tloc) - unctlon

TransportTruck Rail Barge,Pipeline( 110C, Dloc) BEBIEIE S o]y

Constraints

Variables
BD pI’OduCGj Tloc 2 Z Transport TrUCkTIoc,Dloc + Z Transport RailTIoc,DIoc
Dloc Dloc

+ Z Transport BargeTIoc,DIoc + Z Transport I:)ipeTIoc,Dloc

Dloc Dloc
Z Tl’anSpOI't TrUCleoc,Dloc + Z Transport I:\)a“Tloc,Dloc
Dloc Dloc
+ ZTranSport BargeTIoc,DIoc + ZTranSport I:)ipeTloc,DIoc 2 Dmnd Dloc

Dloc Dloc

Alternatives 83{? &fgﬁ
Optimization GAMS
2> (General Algebraic Modeling System) 2> [ BARON ]
Decision

Constraints

Variables
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Results

17 imwoduton  Objecives  Metodology  (NMECYFREEEN  Concuson

Transeste
Supply Extraction [ 2 ifinato

Demand

»

Texas ——2— Houston Houston Houston \ Houston
Mississippi =25 Gulf of MS Gulf of MS Gulf of MS Los Angeles
= A\ \ N
Alabama — Mobile Mobile @ Philadelphia
Kentucky <‘° Chicago
\
Georgia —=2, savannah Toledo

Savannah \\%‘
Philadelphia
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Results
18 | nwoducton  Objectves  Methodology  (ENECTSNENN  Concuson

Production Costs * TransportCt

= CpCtPond

= OpCtPond
WaterCt
CpCtTrans

= OpCtTrans

» CpCtExt

= OpCtExt

= LandCt

= ElectricCt

Raceway Pond Dimensions = Channel Depth =1 m
Pond width = 3.5 m
Pond length = 300 m
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Results

19 Intoduction ~ Objectives  Methodology  [CETSNEEEN  Conclusion
Supply

Npong(Sloc) N+..ck(Sloc,Ploc)
Texas X 85000E6 =  8.5000E5 ha 3.7686E5
Mississippi X 85200E6 = 8.5200E5 ha 7.5971E6
Alabama X 8.8200E6 = 8.8200E5ha 3.5821E5
Georgia X 10665E7 = 1.0665E6 ha 4.3563E5
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Conclusions
- Introduction Objectives Methodology Results

1 A mathematical framework is developed to estimate the best combination of
algae species, geographical location, and raceway pond geometry by combining
experimentally validated temperature, irradiance, and algae growth models with

optimization

1 Model the network flow topology of algae oil distribution in the United states

Future directions

1 Model the dynamic behavior of algae biomass cultivation using HYSYS simulation
software
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