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BACKGROUND

» OILSEED CROP

Camelina sativa Brassica carinata
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* Non-food crop

 Low water and fertilizer use

* Increasing organic carbon content in soil

* Feasible for double cropping with wheat
in western South and North Dakota and
eastern Montana and Wyoming

OPTIMIZATION PROCESS
» GIS DATA and NETWORK ANALYSIS
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Potential Camelina and Carinata Oilseed Cropland and Transportation Infrastructure
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* Low infrastructure density
* Fossil oil facility and infrastructure
* QOilseed meal use for livestock
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Biodiesel Supply Chain Optimization

in the northern Great Plains region
Hyunju Jeong, Heidi Sieverding, James Stone

STUDY APPROACH

Study Goal

1. Biodiesel supply chain development
2. Interconnection with fossil oil infra
3. New transportation infra development

Scenarios

Potential

GBEP

Oilseed production and
sustainability indicators

oilseed supply

GIS + MILP + Python
Supply chain optimization
(transportation and processing)

Transportation and

processing cost

Principal component analysis

Sustainable Biodiesel
Supply Chains

LCA + IMPLAN + JEDI

_ Socio-economic and environmental

impact assessment

Story Map

» MIXED INTEGER LINEAR
PROGRAMMING

Assignment of oilseed, biodiesel, and oilseed

meal loads to routes for Min. transportation cost

Min Cr = Min (X; Xk TipXix + 2k Y TevE + Y X Tik zik,
The minimum transportation cost is computed according to the

following constraints.
Objective constraint

For cities | = n,

d _ nd
Zk Yin = Dn
Mass balance constraints

For refineries k = n,
_ d
ij]:gn std — ijnl
ij]:gn stm — ZjZ;lT(L)

Capacity constraints

For elevators j = n,

S
Zk Xnk < En
For refineries k = n,

d
Zlynl = Rn
For counties o =n,

lel?;l = Ln
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INITIATIVE

NMORTH CENTRAL CENTER
South Dakota State University

Target:

20% replacement of
diesel use in 6 cities

5% of potential oilseed production

6% of total meal demand

32% of total oilseed meal demand

Transportation cost:

$110 million/yr
(highway)

e 4%: oilseed (0.013 S/kg)

* 61%: biodiesel (0.591 S/I)
* 35%: oilseed meal (0.215 S/kg)
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PYTHON SCRIPTING

Ty 7 = I - - = g ! | e o
¥ S5plits the dictionaries Lo be more understandable

57 (bT, bM, b5} = splitDict (rfnrData) By INLETALUVE VWINT ww
58 PythonWin 2.7.8 (default, Jun 30 2014, 16:03:49) [MSC v.1500 32 bit (Intel)] on win
59 # Creates the boundless Variazbles as Continuous | Portions Copyright 1994-2008 Mark Hammond - see 'Help/About PythonWin' for fui
60 xl = LpVariable.dicts("Routel", Arcsl, 0, None, LpCor| >>> Status: DPtiI_f-al
6l xZ2 = LpVariable.dicts("Route2",Arcs2, 0,None, LpCor fD:EE,—_E.?.r—.?FJ.- -
Routel 1', "10') =
62 X3 = LpVariable.dicts ("Route3", Arcs3, 0, None, LpCor __{C__;te,__i 1 191y =
63 _Tu:'_;te'_:("_ :"_2'] =
64 # Creates the 'prob' varishle to contzin the prol| Routel ('1', '"13') =
65 prob = LpProblem("Biodiezel meal aszignment"”,LpMj| Bowesl_('1°, *'14%) =
Eoutel ("1 15"y =
66 - -
Routel ('1 la')y =
67 § Creates the objective function Routel ('1', '17') = 0.0
68 -prob += I1pSum([int(arclData[i])*0.0015*x1[i] fo1|Routel ('1', "2') = 14068595.0
69 + 1lpSum([int {arc2Data[i])*0.0015*x2[i] f¢ f\‘:'ﬂ'te'—_f"— _ 5'5' = 0.0
70 + 1pSum([int (arc3Data[i])*0.0015%x3[i] £ ~o@F=t_("2"» "0 =
71 "Total Cost of Transport” Routel ('1', '3') = Route3 | _'g2'") 0.0
) ] ToTEE mEmm omn memmmEEe Roucel ('1°', '&') = Route 1631) 0.0
,s | Flow of oilseed s from elevators j to 72 Routel ('1', *7') = e T o
Tk refineries k T3 # Creates all problem constraints - this ensurss |Routesl ('1', "8') = Route :|: :-55-;. 6132000.0
. : X 74 -for n in Dieseldmd: Routel ('1',_'8') = Route3_('2',_'66') = 0.0
N bl d FIUW Uf bIDdIESEI d frDm rEf'nE”ES k.tD TE FIDh += lFSJIfl: [:’:.E [ |:ir:|:| ] fDP |:ir:|:| ilfl AICEE ] i{‘:"‘t’ef—_l: ..._ _. .._,_ I. =_ Route _I: _'67'] 5256000.0
Variables Vit cities | . P : e v Routel ('10', '10') = Route3 | 'g8') = 0.0
"Diezel supply to Node %s3"3%In Routel ('107, '11') = Route3 | Tigar) -
m | Flow of livestock meal m from refineries g or o in Befineries: o |RouEet (P07, "2 = Routes_('27,_'7') = 19710
EREI , 78 prob += lpSum([x1[({i,3)] for (i,]j) in Arcsl i -_*CA‘:ET_( - — TJ :' - Route3 | _'Tor) 5535000.0
k to counties o 79 == 1pSum([x2[(i,3)] for (i,3) in Arc: f‘::ze,—_i.? — ,_;.:I = Route3_('2',_'71") = 4964000.0
. : " _ o , e Routel_('10', '15") = Route 172') = 0.0
E Oilseed collection and storage capacities 80 "Diesel flow thru Node %3"%n Routel (107, '16') = s —E e _ oy
j Gf Eleuatﬂrs J' 8l FIDb += lFSJI“: [:':J- [ |:lr :|:| ] .fﬂll‘ |:lr :|:| i..ﬂ %LICS-' E{C'_;tE'__I: 'l 1Tty = Route :I: :. .EI 0.0
. - - — 82 == 1pSum([x3[(i, J)}] for (i, j) in A Routel ("1 _'2ty = Route3 | 75 0.0
R Biodiesel production capacities of 83 "Meal flow thru Node $s7%n Routel ('10',_'3') = Route3_('2', '76') = 3942000.0
k . . 3& _f - El vat . _:{C'_LEEL_I:'L _ 4ty = Eoute _|: _' ') 0.0
refineries k - or n 1::1 ) Ei’ﬂ;”i[ M[[L.4)] for (i,4) in Avcsl JROUCSI-C1107 15" = Route3 (121, '78') = 1898000.0
- - prob += lpSum([x1[(i,] or (i,3) in Aresl i|la s o- .o o B
[ | Oilseed meal demand of counties o . o T JRoussl_(ri0v, 6T Route3_('2',_'78") = 0.
] g6 <= int (elvtrData[n]), "Elevator usze j|Routel ('1 Ty = Route3_| _rar) 0.0
. . - i i i ' Eoutel ("1 5" = ute g LTV 0.0
Transportation cost per unit amount of (g for ¢ in Refineries: - |mone (r20 "rory - Roures (127, 1801 = 0.0
s ) ] ) g8 prob += lpSum([x2[(i,3)] for (i,j) in Ares2 ff ~=""= "' —= = Route3_('2", _'E17) = 58400
Ty | oilseed s from elevators j to refineries k, 89 ¢= int(bU[n]), "Refinery use for die: ;zz_z: - = ::?::_E::: ez = 0.0
S/kg 30 -for n in Mealdmd: Routel (1110, 10y - e
' . 91 rob += 1pSum([®3[ (1, ] for (i,j) in Arcs3 j|Roucel ('l _'12vy = te3d B B5') 2409000.0
Transportation cost per unit amount of " F pumllxaliza)] for (2,3) e s Tias SR
Parameters T;ﬂ biodiesel d from refineries k to cities |, 93  # The problem data is written to an .Ip file Routel ('11', '14") = Route3_('2',_'87') = 0.
' Routel ('1 15') = ute3 ('2', '88'} = 0.
and factors 5,”(3 34 prob.writeLP ("BasicScenario.lp™) _‘:z-_;te'__('*_ - ,_E.:: _ 2:& —E —,,,,I: 0804000
. . a5 Routel ('1 17y = ute3 B | 0.0
Transportation cost per unit amount of L . o |Feweer_trart,_t2TT) = 0.0 Roures_{21,_'2') = 0.
Z : . . 96 f The problem 15 solved using PulP's cholge of S¢Boutel ('11°, '2') = 342 Route3_| _ ) = 0.
Ty, | livestock meal m from refineries k to 97  prob.solve() Route3_('2',_'91') = 0.
. Route3_('2', '52') 0.
counties o, S/kg 98 - Routes_('2', '93') = 0.
d T . " a5 # The status of the selution 15 printed to the screen Route3 | '94') =51
Di Demand of biodiesel d in cities | 100 print "Statu=s:", LpStatus[prob.status] Route3 | _'951) 0.
D;" | Demand of oilseed meal m in counties o 101 Route3_('2',_'86') = 0
. . 102 # Each of the variabhles 15 printed with 1ts resolved optimum value Route3 (2%, '87°)
Conversion factor from oilseed s to - Ak o FramLEs as B ’ | resoivES ob Routes_('2',_'98")
fsd . . 103 -for v in prob.variablez(): Route3 ('2', '99 ]
biodiesel dr 0.316 104 print v.name, "=", v.varValue Total Cost of Transportation = 109145974,566
f Conversion factor from oilseed s to 105
S oilseed meal m, 0.6

RESEARCH DIRECTIONS

Use advanced transportation network

Consider new refinery construction

Add processing cost

Integrate existing fossil-oil refineries and
transportation modes

Design new infrastructure development
Match transportation and processing
cost with oilseed production potential

* |ntegrate environmental and socio-
economic impacts
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