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1 Supplementary Material

Summary of the mathematical models

The following mathematical formulations were taken directly from the literature. For
continuity purposes in all the presented mathematical models, scenario/node (n) and
time period (t) have been used here regardless of their definition in the original paper.

The rest of the indexes, variables and parameters definitions were maintained.



1.1 Bio-based energy production supply chain by Medina-Gonzalez
et al. (2017)

Indexes
act Activities
tec Technologies
s Material state
f Locations
e Biomass supplier
P Energy generation
m Market site
t Time period
n Scenarios

Sets

T, and TS Task that produce material s

E.n Suppliers e that provide raw materials
E’pmd Suppliers e that provide production services
o Suppliers e that provide transportation services
FP Materials s that are final products
ACT Task act with variable input
ACTe. Task act that can be performed in technology tec
RM Materials s that are raw materials
Parameters
Asg 14 Biomass availability
Demg 54 Energy demand

Distancey y Distance between locations
FCF Jiee,;r  Fixed cost per unit tec

FEm™, Increment of capacity

rate Discount rate

investMV Investment required for medium voltage
M Big positive number

NormF, Normalizing factor of damage category g
Prices ¢4 Price of products s at market f in period t

Pricel?f, investment required of an increment of capacity

Waters Moisture for material s and scenario n

Waterges,,  Maximum moisture for task act performed in technology tec

Qs act tec Mass fraction for production of material s

Qs act tec Mass fraction for production of material s

Bree, Minimum utilisation rate of technology

Oact tec, 1,1 Capacity utilization rate of technology tec by task act whose origin is

location f and destination location f’




1
Pe.f.frt

utl

Unitary transportation costs from location f to location f” during period
t

Tefet Unitary cost associated with task i performed in equipment j from loca-
tion f and payable to external supplier e during period t

Tg}?e’t Unitary cost associated with handling the inventory of materials in loca-
tion f and payable to external supplier e during period t

Xe,s.t Unitary cost of raw materials offered by external supplier e in period t

prob, Probability of scenario n

Variables

EPurch.;,, Economic value of sales executed in period t during scenario n

ESales,,, Economic value of sales executed in period t and scenario n

FAsset, Investment on fixed assets in period t and scenario n

FCostysyy, Fixed cost in facility f for period t and scenario n

Fiee.ftn Total capacity technology tec during period t at location f and scenario
n

FFEiecfin Capacity increment of technology tec at location f during period t and
scenario n

HV, Lower heating value for materials during scenario n

NPV, Economic metric for a deterministic case (just one scenario n)

Pact,tec,f,f’,t,n

Profits,,,

va,act,tec,f,t,n

pr
Purchg,

rm
Purch(}

tr
Purch/,

Saless fpr 1n

Specific activity of task act, by using technology tec during period t,
whose origin is location f and destination is location f’ and scenario n
Profit achieved in period for each facility f at time period t and scenario
i

Input/output material of material s for activity of task act with variable
input/output, by using technology tec during period t in location f and
scenario n

Amount of money payable to supplier e in period t associated with pro-
duction activities

Amount of money payable to supplier e in period t associated with con-
sumption of raw materials

Amount of money payable to supplier e in period t associated with con-
sumption of transport services

Amount of product s sold from location f in market f’ in period t and

scenario n
Ss fitn Amount of stock material s at location f in period t and scenario n
SoC', Surrogate social metric at each scenario i
ENPV Expected net present value
ESoC Expected social performance

Binary Variables

Viec f.t Technology installed at location f in period t
AR Facilities f and f’ interconnected by a medium voltage line
tee, f ot Variable to model the economies of scale technology tec in facility f at

period t as a piecewise linear function
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1.2 Hybrid Biofuel Supply Chain by Akgul et al. (2011)

Indexes
9,9’ Square regions that divide UK territory
1 Resource
m Transport mode
D Plant size intervals
n Scenario
Sets
BI Set of biomass types (BI=FI U CIUSI)
cl Set of first generation biomass co-products (straw)
FI Set of first generation biomass types (wheat)
PI Set of product types (biofuel)
ST Set of second generation energy crops (miscanthus, SRC)
Total; g 4. Set of total transportation links allowed for each resource i via mode |
between region g and g’
Parameters
ADDy gy m Actual delivery distance between regions g and g’ via model 1
ALD, Average local biomass delivery distance
Ay Set-aside area available in region g
« Operating period in a year
I6; Fraction of straw recovered per unit of wheat cultivated
BAZL;"/ " Minimum/maximum availability of first generation biomass i(i € FI)in
region g
CCF Capital charge factor
Viri Biomass to biofuel conversion factor for biomass type i’ (i € BI) to
biofuel type i (i € PI)
PCC, Investment cost of a plant of size p
IMPC; 4 Unit impost cost for importing resource i from foreign supplier g*
PC’apzm/ "% Minimum/maximum biofuel production capacity of a plant of size p
sz/ e Minimum/maximum flow rate of resource i via model
SusF Maximum fraction of domestic first generation biomass allowed for bio-
fuel production
UCC;, Unit biomass cultivation cost of biomass type i in region g
UPC;, Unit biofuel production cost from biomass type i at a plant of scale p
Urc;. Unit transport cost of product i via mode 1
urcr Unit transportation cost for local biomass transfer
Yig Yield of second generation energy crop i (7 € SI) in region g
DFFCC, Discount rate
DFPC, Adjustment interest per time period

target

Minimum aceptable profit




Binary Variables

E

1 if a biofuel production plant of size p is to be established in region g

D,g5t
AV A, .+ 1if aproduct is send to region g at time t
Continuous variables
Aig Land occupied by second generation crop i(i € SI) in region g
D; 4 Demand for resource i in region g
Dfipgtn Demand for biomass i at a plant of scale p located in region g
Pfpgtn Biofuel production rate of biofuel i (i € PI) at a plant of size p located
in region g
PT;g4n Production rate of resource i via mode 1 from refion g to g’
Qig.q'l Flow rate of resource i via mode 1 from region g to g’
TDC Total daily cost of a biofuel supply chain network
TIC; Total investment cost of biofuel production facilities
PC,,, Production cost
TPOC,, Total product outsourcing cost
TC Transportation cost
TP;n total prodcution of product i
TotRev,,, Profit at time period t ans scenario s
ENPV Expected net present value
NPV, Net present value at scenario s
FCC facilties capital costs
TOC, Total operating cost at time t and scenario s




max EN PV (1.2.1)

TotRevy, = ax (MPE(n) + 80) x Z D(i,g,t,n) Vi, n (1.2.2)
g
NPV, =Y TotReuw,, » DFPC, — FCC, — DFFCC,
t (1.2.3)
ENPV =Y NPV,/|N| (1.2.4)
TOCtJL == (TC’m + PC’M) V t, n (125)
FCCy =Y Y, 4+ PCC,x10° VYt (1.2.6)
9,p
PCin=axY UPCiy*PTign
" (1.2.7)
+Y UPCipe* Dfipgin*v Vit n
0,9
TPOC,, = ax (IMPC % Qi gmyin* IMPCR, + IMPCE, % Q; gmritn) 128
Vit n o
TCt,n = Qx Z UTCz,m * Qi,g,m,r,t,n * ADDg,m,r
nonm (1.2.9)
+ UTCL Z PT; g1n* LDy o Vit, n
9
Y Dfipgin*%=Plygin  Yp g t,n (1.2.10)
> Dfipgin=Digin Vi, g t, n (1.2.11)
p
TPiun=>» Pligin Vi t n (1.2.12)
g
Piri,g,t,n + Z Qi,r,m,g,t,n = Di,g,t,n + Z Qi,r,m,g,t,n v 7;7 g, ta n (1213)
PTigin=> Plygin Vg t, n (1.2.14)
p
AV A, g0 % PCAPMN /365,000 < Pfygin VD, g, t, 1 (1.2.15)
PF,gin < AV A, gy« PCAPYMAY /365,000  Vn (1.2.16)
PT, gin =<0.65% PT), Vop, g t,n (1.2.17)
Y V<1 Vg (1.2.18)
p,t
AVAp,g,t = AVAp’g,t,1 + Y;o,g,t V p, g, t (1219)
del,, > target — NPV (n) vV n (1.2.20)
RF = del,/IN|  Vt n (1.2.21)

(1.2.22)



1.3 Water distribution network by Medina-Gonzalez et al

. (2018)

Indexes
b Number of industrial storage tanks
h Agricultural sinks
J Domestic sinks
k Number of natural sources of water
[ Location for the storage tanks
m Tributaries
g Location of artificial ponds
t Set of time periods
U Set of industrial tanks
w Location of industrial artificial ponds
n Scenarios
Parameters

Ajf Collection area in location g for artificial ponds a
Ager Maximum capacity of artificial ponds a in location g
Aj Collection area in location 1 for storage tanks s
AROW Area of collection for runoff water for natural source k
APPW Area of collection for direct precipitation for natural source k
AL Maximum capacity of industrial artificial ponds Al in location w
ACS Cost of water for agricultural use
ATN, Depth of artificial ponds in location g
AT'S, Height of storage in location 1
CTAA Treatment cost for rainwater for agricultural use
CTAI Treatment cost for rainwater for industrial use
CTFP Treatment cost for water purchased with domestic use
CTND Treatment cost for natural sources with domestic use
CTNA Treatment cost for natural sources with agricultural use
CTNI Treatment cost for natural sources with industrial use
CTAD Treatment cost for rainwater for domestic use
CTPA Treatment cost for regeneration of wastewater for agricultural use
CTPE Treatment cost for regeneration of wastewater for final disposal
CTRP Treatment cost for water purchased with agricultural use
CTQP Treatment cost for eater purchased with industrial use

hotn Agricultural users h demands in time t and scenario n

gftm Industrial users u demands in time t and scenario n

;{i’n Domestic users j demands in time t and scenario n
DPWYV,, Water collected from direct precipitation in natural sources k in time t
DSC Water sale cost for domestic use
15C Cost of water for industrial use
KFy, Factor to take into account the annualized investment for storage tanks

in location 1 in time t




KF,,

P,
Plotal
PCSTD
PCASD
PCSTA
PCASA
PCSTI
PCASI

PCND
PCNA

PCNI

PCTW

PCTI

PFP

PQP

PRP

PSC
Dy

T'm,k,t

ROW V.,
SZTLG/CC
SImaz
VB,

)

VP,

O aQw =

Factor to take into account the annualized investment for artificial ponds
in location n in time t

Large number

Precipitation over time period t

Annual precipitation

Unit cost of transport from storage tank 1 to domestic sink j

Unit cost of pumping from artificial pond n to domestic sink j

Unit cost of pipeline and pumping from storage tank in location 1 to
agricultural sink h

Unit cost of transport water from artificial pond in location n to agricul-
tural sink h

Unit cost of transport water from industrial storage tank in location b
to industrial sink h

Unit cost of transport water from industrial artificial ponds in location
w to industrial sink u

Unit costs for transport from natural sources k to domestic main

Unit costs for transportation of water from natural sources k to agricul-
tural main

Unit cost of water transportation from natural sources k to industrial
main

Unit water transportation cost from treatment plant to agricultural sink
h

Unit water transportation cost from industrial treatment plant to agri-
cultural sink h

Unit water transportation cost from external water vendor to domestic
users j

Unit water transportation cost from external water vendor to industrial
users u

Unit water transportation cost from external water vendor to agricultural
users h

Water sale cost for water purchased sent to users

Water collected from direct precipitation and runoff water in sources k
at time t

Segregated flow rate from the tributaries m to natural sources k over
time period t

Runoff water collection in natural sources k over time period t
Maximum capacity of storage tanks s in location 1

Maximum capacity of industrial storage tanks si in location b

Factor to consider the value of investment for storage tank in location 1
and time t

Factor to consider the value of investment for artificial ponds in location
g and time t

Fixed cost for storage tank

Variable cost for storage tank

Fixed cost for artificial ponds

Variable cost for artificial ponds




Variables

out,a
g,h,t,n

out,d
g,J;t;n

-out,t
g7u7t7n

Fitn

Thtn

Qu,t,n

FpChj,tm,

CWitn

Existing water in natural sources k in time t and scenario n

Segregated flow rate from the natural source k to main domestic d in
time t an scenario n

Segregated flow rate from the natural sources k to main agricultural a in
time t and scenario n

Segregated flow rate from the natural source k to main industrial i in
time t and scenario n

Water losses in natural sources k in time t

Water that exceeds the maximum capacity of natural sources k in time
t and scenario n

Water obtained from rainfall sent to storage tanks s in location 1 in time
t and scenario n

Water obtained from rainfall sent to industrial storage tanks si in location
b and time t and scenario n

Existing water in storage tanks s in location | in time t and scenario n
Existing water in industrial storage tanks SI in location b in time t and
scenario n

Segregated flow rate from storage tanks s in location 1 sent to agricultural
users h in time t and scenario n

Segregated flow rate from storage tanks s in location | sent to domestic
users j in time t and scenario n

Segregated flow rate from industrial storage tanks si in location b sent
to industrial users u in time t and scenario n

Existing water in artificial ponds a in location g at time t and scenario n
Water obtained from rainfall sent to artificial ponds a in location g and
time t and scenario n

Water obtained from rainfall sent to artificial industrial ponds ai in lo-
cation w and time t and scenario n

Existing water in industrial artificial ponds ai in location w and time t
and scenario n

Segregated flow rate from artificial ponds a in location g to agricultural
users h in time t and scenario n

Segregated flow rate from artificial ponds a in location g sent to domestic
users j in time t and scenario n

Segregated flow rate from industrial artificial ponds ai in location g sent
to industrial users u in time t and scenario n

Segregated flow rate sent from the domestic main to the domestic users
j in time t and scenario n

Segregated flow rate sent from the agricultural main to the agricultural
users h in time t and scenario n

Segregated flow rate sent from the industrial main to the industrial users
u in time t and scenario n

Segregated flow rate of water purchased sent to domestic users j in time
t and scenario n

Water consumed and losses in domestic sinks j in time t and scenario n




mnt’

Wastewater sent from site j to treatment plant in time t and scenario n

jitn

ity Wastewater sent to treatment plant in time t and scenario n

cw?n Water reclaimed in domestic treatment plant and sent to final disposal
in time t and scenario n

z'ntf:‘tt’f’g Water reclaimed in industrial treatment plant and sent to agricultural
sinks h in time t and scenario n

rpchp ¢ n Segregated flow rate of water purchased sent to agricultural users h in
time t and scenario n

mt@;ﬁ; Water reclaimed in industrial treatment plant and sent to agricultural
sink h in time t and scenario n

qpchuy ¢ r, Segregated flow rate of water purchased sent to industrial users u in time
t and scenario n

cwﬁfm Water consumed and losses in industrial sink u in time t and scenario n

mt@fftn Wastewater sent from site u to treatment plant in time t and scenario n

intigy Wastewater sent to treatment plant in time t and scenario n

cwiﬁf’n Water reclaimed in industrial plant and sent to final disposal in time t
and scenario n

ZagSitn Variable for installing storage tanks in location 1 in time t and scenario
n

ZagAgin Variable for installing artificial ponds in location g at time t and scenario
n

CostS Cost of storage tank in location 1 at scenario n

CostA;, Cost of artificial ponds in location n at scenario n

ARS, Area occupied by the storage tank in location 1 at scenario n

ARLg,, Area occupied by the artificial ponds in location g at scenario n

APA,, Total area occupied by artificial ponds in industrial location g at scenario
n

WaterSales Total profit from water sales

TreatCost  Total cost associated to treatment processes

StorCost Total cost for water storage tasks

PipingCost  Total cost associated to piping of water

Binary Variables

Z 514 1 if a storage tank has been installed at location 1 and time t; 0 otherwise

ZAgy 1 if a artificial pond has been installed at location g and time t; 0 other-
wise

ZAlL, 1 if a artificial industrial pond has been installed at location w and time
t; 0 otherwise

ZS51yy 1 if a artificial industrial pond has been installed at location b and time

t; 0 otherwise
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