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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-González

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

Ts and T̂s Task that produce material s

Erm Suppliers e that provide raw materials

Êprod Suppliers e that provide production services

Êtr Suppliers e that provide transportation services

FP Materials s that are final products

ˆACT Task act with variable input

ACTtec Task act that can be performed in technology tec

RM Materials s that are raw materials

Parameters

Ass,f,t Biomass availability

Dems,f,t Energy demand

Distancef,f ′ Distance between locations

FCFJtec,f,t Fixed cost per unit tec

FElimit
tec,f,k Increment of capacity

rate Discount rate

investMV Investment required for medium voltage

M Big positive number

NormFg Normalizing factor of damage category g

Prices,f,t Price of products s at market f in period t

Pricelimit
tec,f,k investment required of an increment of capacity

Waters,n Moisture for material s and scenario n

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

αs,act,tec Mass fraction for production of material s

α̂s,act,tec Mass fraction for production of material s

βtec,f Minimum utilisation rate of technology

θact,tec,f,f ′ Capacity utilization rate of technology tec by task act whose origin is

location f and destination location f’



ρtre,f,f ′,t Unitary transportation costs from location f to location f’ during period

t

τut1s,f,e,t Unitary cost associated with task i performed in equipment j from loca-

tion f and payable to external supplier e during period t

τut2s,f,e,t Unitary cost associated with handling the inventory of materials in loca-

tion f and payable to external supplier e during period t

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

probn Probability of scenario n

Variables

EPurche,t,n Economic value of sales executed in period t during scenario n

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

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

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

Ftec,f,t,n Total capacity technology tec during period t at location f and scenario

n

FEtec,f,t,n Capacity increment of technology tec at location f during period t and

scenario n

HVs,n Lower heating value for materials during scenario n

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

Pact,tec,f,f ′,t,n 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

Profitf,t,n Profit achieved in period for each facility f at time period t and scenario

i

Pvs,act,tec,f,t,n 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

Purchpre,t Amount of money payable to supplier e in period t associated with pro-

duction activities

Purchrme,t Amount of money payable to supplier e in period t associated with con-

sumption of raw materials

Purchtre,t Amount of money payable to supplier e in period t associated with con-

sumption of transport services

Saless,f,f ′,t,n Amount of product s sold from location f in market f’ in period t and

scenario n

Ss,f,t,n Amount of stock material s at location f in period t and scenario n

SoCn Surrogate social metric at each scenario i

ENPV Expected net present value

ESoC Expected social performance

Binary Variables

Vtec,f,t Technology installed at location f in period t

Zf,f ′ Facilities f and f’ interconnected by a medium voltage line

ξtec,f,k,t Variable to model the economies of scale technology tec in facility f at

period t as a piecewise linear function



Ss,f,t,n − Ss,f,t−1,n =
∑
f ′

∑
act∈Ts

∑
tec∈(TECact∩TECf ′ )

αs,act,tecPact,tec,f ′,f,t,n

−
∑
f ′

∑
act∈T̂s

∑
tec∈(TECact∩TECf ′ )

ˆαs,act,tecPact,tec,f ′,f,t,n

+
∑

act∈(Ts∩ACT )

∑
tec∈(TECact∩TECf ′ )

Pvs,act,tec,f,t,n ∀ s, f, t, n

−
∑

act∈(T̂s∩ACT )

∑
tec∈(TECact∩TECf ′ )

Pvs,act,tec,f,t,n

(1.1.1)∑
s∈Ts

HVs,nPvs,act,tec,f,t,n =
∑
s∈T̂s

HVs,nPvs,act,tec,f,t,n ∀ act ∈ ACT, f, t, n (1.1.2)

∑
s∈Sact

Waters,iPvs,act,tec,f,t,n ≤ Watermact,tecax
∑

s∈ ˆSact

PVs,act,tec,f,t,n

∀ n,∈ N̂ , tec, f, t, n
(1.1.3)

∑
k

ξtec,f,k,t,nFE
limit
tec,f,k = FEtec,f,t,n ∀ tec,∈ TECf , f, t, n (1.1.4)∑

k

ξtec,f,k,t,n = Vtec,f,t,n ∀ tec,∈ TECf , f, t, n (1.1.5)

Ftec,f,t,n = Ftec,f,t−1,n + FEtec,f,t,n ∀ tec,∈ TECf , f, t, n (1.1.6)

βtec,fFtec,f,t1,n ≤
∑
f ′

∑
act∈ACTtec

θact,tec,f,f ′Pact,tec,f,f ′,t,n ∀ tec,∈ TECf , f, t, n

(1.1.7)∑
f ′

∑
act∈ACTtec

θact,tec,f,f ′Pact,tec,f,f ′,t,n ≤ Ftec,f,t−1,n ∀ tec,∈ TECf , f, t, n (1.1.8)∑
f ′

∑
act∈T̂s

∑
tec∈ ˆtexact

Pact,tec,f,f ′,t,n ≤ As,f,t,n ∀ s ∈ RM, f ∈ E t, n (1.1.9)

Pact,tec,f,f ′,t,n ≤M ∗ Zf ′,f,n ∀ s ∈ FP, f ∈M, f ′ /∈M t, n (1.1.10)∑
f ′

∑
act∈Ts

∑
tec∈TECact

Pact,tec,f,f ′,t,n ≤ Dems,f,t,n ∀ s ∈ FP, f ∈M, t, n (1.1.11)

ESalesf,t,n =
∑
s∈FP

∑
f ′∈M

Saless,f,f ′,t,nPrices,f ′,t ∀ f /∈ (M ∪ E), t, n (1.1.12)

FCostf,t,n =
∑

tec∈TECf

FCFJj,f,tFj,f,t,n ∀ f /∈ (M ∪ E), t, n (1.1.13)

EPurche,t,n = Purchrme,t + Purchtre,t + Purchpre,t ∀ e, t, n (1.1.14)

Purchrme,t,n =
∑
s∈RM

∑
f

∑
act∈T̂s

∑
tec∈Iact

Pact,tec,f,f ′,t,nXe,s,t ∀ f ∈ Erm, t, n (1.1.15)

Purchtre,t,n =
∑
s∈TR

∑
tec

∑
f

∑
f ′

Pact,tec,f,f ′,t,nρ
tr
e,f,f ′,t ∀ e ∈ Êrm, t, n (1.1.16)

Purchpre,t,n =
∑
f

∑
act/∈Tr

∑
act∈T̂s

∑
tec

Pact,tec,f,f ′,t,nτ
ut1
act,tec,f,e,t

+
∑
s

∑
f /∈S∪M

Ss,f,t,nτ
ut2
act,tec,f,e,t ∀ e ∈ Êprod, t, n

(1.1.17)



FAssett,n =
∑
j

∑
f

∑
k

Pricelimit
tec,f,t ∗ ξtec,f,k,t,n

+
∑
f

∑
f ′

InvestMVDistancef,f ′Zf,f ′,n ∀ t = 0, n
(1.1.18)

FAssett,n =
∑
j

∑
f

∑
k

Pricelimit
tec,f,t ∗ ξtec,f,k,t,n ∀ t ≥ 1, n (1.1.19)

Profitf,t,n = ESalesf,t,n − (FCostf,t,n +
∑
e

EPurche,f,t,n)Xe,s,t ∀ f, t, n

(1.1.20)

NPVn =
∑
f

∑
t

((Profitf,t,n − FAssetf,t,n)/(1 + rate)t) ∀ n (1.1.21)

ENPVn =
∑
n

NPVi ∗ Probn (1.1.22)

maxENPV (1.1.23)



1.2 Hybrid Biofuel Supply Chain by Akgul et al. (2011)

Indexes

g,g’ Square regions that divide UK territory

i Resource

m Transport mode

p Plant size intervals

n Scenario

Sets

BI Set of biomass types (BI=FI ∪ CI ∪ SI)

CI Set of first generation biomass co-products (straw)

FI Set of first generation biomass types (wheat)

PI Set of product types (biofuel)

SI Set of second generation energy crops (miscanthus, SRC)

Totali,g,g′,l Set of total transportation links allowed for each resource i via mode l

between region g and g’

Parameters

ADDg,g′,m Actual delivery distance between regions g and g’ via model l

ALDg Average local biomass delivery distance

As
g Set-aside area available in region g

α Operating period in a year

β Fraction of straw recovered per unit of wheat cultivated

BA
min/max
i,g Minimum/maximum availability of first generation biomass i(i ∈ FI)in

region g

CCF Capital charge factor

γi′,i Biomass to biofuel conversion factor for biomass type i’ (i′ ∈ BI) to

biofuel type i (i ∈ PI)

PCCp Investment cost of a plant of size p

IMPCi,g∗ Unit impost cost for importing resource i from foreign supplier g*

PCap
min/max
p Minimum/maximum biofuel production capacity of a plant of size p

Q
min/max
i,l Minimum/maximum flow rate of resource i via model

SusF Maximum fraction of domestic first generation biomass allowed for bio-

fuel production

UCCi,g Unit biomass cultivation cost of biomass type i in region g

UPCi,p Unit biofuel production cost from biomass type i at a plant of scale p

UTCi,c Unit transport cost of product i via mode l

UTC∗ Unit transportation cost for local biomass transfer

Yi,g Yield of second generation energy crop i (i ∈ SI) in region g

DFFCCt Discount rate

DFPCt Adjustment interest per time period

target Minimum aceptable profit



Binary Variables

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

AV Ap,g,t 1 if a product is send to region g at time t

Continuous variables

Ai,g Land occupied by second generation crop i(i ∈ SI) in region g

Di,g Demand for resource i in region g

Dfi,p,g,t,n Demand for biomass i at a plant of scale p located in region g

Pfp,g,t,n Biofuel production rate of biofuel i (i ∈ PI) at a plant of size p located

in region g

PTi,g,t,n Production rate of resource i via mode l from refion g to g’

Qi,g,g′,l Flow rate of resource i via mode l from region g to g’

TDC Total daily cost of a biofuel supply chain network

TICt Total investment cost of biofuel production facilities

PCt,n Production cost

TPOCt,n Total product outsourcing cost

TCt,n Transportation cost

TPi,t,n total prodcution of product i

TotRevt,n Profit at time period t ans scenario s

ENPV Expected net present value

NPVn Net present value at scenario s

FCCt facilties capital costs

TOCt,n Total operating cost at time t and scenario s



maxENPV (1.2.1)

TotRevt,n = α ∗ ((MPE(n) + 80) ∗
∑
g

D(i, g, t, n) ∀ t, n (1.2.2)

NPVn =
∑
t

TotRevt,n ∗DFPCt − FCCt −DFFCCt

− ((TOCt,n + TPOCt,n) ∗DFPCt)) ∀ n
(1.2.3)

ENPV =
∑
n

NPVn/|N | (1.2.4)

TOCt,n = (TCt,n + PCt,n) ∀ t, n (1.2.5)

FCCt =
∑
g,p

Yp,g,t ∗ PCCp ∗ 106 ∀ t (1.2.6)

PCt,n = α ∗
∑
i,g

UPCi,t ∗ PTi,g,t,n

+
∑
i,p,g

UPCi,p,t ∗Dfi,p,g,t,n ∗ γi ∀ t, n
(1.2.7)

TPOCt,n = α ∗ (IMPC ∗Qi,g,m,r,t,n ∗ IMPCRt + IMPCEn ∗Qi,g,m,r,t,n)

∀ t, n
(1.2.8)

TCt,n = α ∗
∑

i,g,r,m

UTCi,m ∗Qi,g,m,r,t,n ∗ ADDg,m,r

+ UTCL ∗
∑
i,g

PTi,g,t,n ∗ LDg,g′ ∀ t, n
(1.2.9)

∑
i

Dfi,p,g,t,n ∗ γi = Pfp,g,t,n ∀ p, g, t, n (1.2.10)∑
p

Dfi,p,g,t,n = Di,g,t,n ∀ i, g, t, n (1.2.11)

TPi,t,n =
∑
g

PTi,g,t,n ∀ i, t, n (1.2.12)

PTi,g,t,n +
∑
m,r

Qi,r,m,g,t,n = Di,g,t,n +
∑
m,r

Qi,r,m,g,t,n ∀ i, g, t, n (1.2.13)

PTi,g,t,n =
∑
p

Pfp,g,t,n ∀ g, t, n (1.2.14)

AV Ap,g,t ∗ PCAPMIN
p /365, 000 ≤ Pfp,g,t,n ∀ p, g, t, n (1.2.15)

PFp,g,t,n ≤ AV Ap,g,t ∗ PCAPMAX
p /365, 000 ∀ n (1.2.16)

PTp,g,t,n =≤ 0.65 ∗ PTp,g,t,n ∀ p, g, t, n (1.2.17)∑
p,t

Yp,g,t ≤ 1 ∀ g (1.2.18)

AV Ap,g,t = AV Ap,g,t−1 + Yp,g,t ∀ p, g, t (1.2.19)

deln ≥ target−NPV (n) ∀ n (1.2.20)

RF =
∑
n

deln/|N | ∀ t, n (1.2.21)

(1.2.22)



1.3 Water distribution network by Medina-González et al. (2018)

Indexes

b Number of industrial storage tanks

h Agricultural sinks

j Domestic sinks

k Number of natural sources of water

l 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

Aa
g Collection area in location g for artificial ponds a

Amax
g Maximum capacity of artificial ponds a in location g

As
l Collection area in location l for storage tanks s

AROW
k Area of collection for runoff water for natural source k

ADPW
k Area of collection for direct precipitation for natural source k

AImax
w Maximum capacity of industrial artificial ponds AI in location w

ACS Cost of water for agricultural use

ATNg Depth of artificial ponds in location g

ATSl Height of storage in location l

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

Das
h,t,n Agricultural users h demands in time t and scenario n

Ddi
u,t,n Industrial users u demands in time t and scenario n

Dds
j,t,n Domestic users j demands in time t and scenario n

DPWVk,t Water collected from direct precipitation in natural sources k in time t

DSC Water sale cost for domestic use

ISC Cost of water for industrial use

KFl,t Factor to take into account the annualized investment for storage tanks

in location l in time t



KFn,t Factor to take into account the annualized investment for artificial ponds

in location n in time t

M Large number

Pt Precipitation over time period t

P total Annual precipitation

PCSTD Unit cost of transport from storage tank l to domestic sink j

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

PCSTA Unit cost of pipeline and pumping from storage tank in location l to

agricultural sink h

PCASA Unit cost of transport water from artificial pond in location n to agricul-

tural sink h

PCSTI Unit cost of transport water from industrial storage tank in location b

to industrial sink h

PCASI Unit cost of transport water from industrial artificial ponds in location

w to industrial sink u

PCND Unit costs for transport from natural sources k to domestic main

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

tural main

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

main

PCTW Unit water transportation cost from treatment plant to agricultural sink

h

PCTI Unit water transportation cost from industrial treatment plant to agri-

cultural sink h

PFP Unit water transportation cost from external water vendor to domestic

users j

PQP Unit water transportation cost from external water vendor to industrial

users u

PRP Unit water transportation cost from external water vendor to agricultural

users h

PSC Water sale cost for water purchased sent to users

pgk,t Water collected from direct precipitation and runoff water in sources k

at time t

rm,k,t Segregated flow rate from the tributaries m to natural sources k over

time period t

ROWVk,t Runoff water collection in natural sources k over time period t

Smax
l Maximum capacity of storage tanks s in location l

SImax
b Maximum capacity of industrial storage tanks si in location b

V Pl,t Factor to consider the value of investment for storage tank in location l

and time t

V Pg,t Factor to consider the value of investment for artificial ponds in location

g and time t

A Fixed cost for storage tank

B Variable cost for storage tank

C Fixed cost for artificial ponds

D Variable cost for artificial ponds



Variables

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

gdk,t,n Segregated flow rate from the natural source k to main domestic d in

time t an scenario n

gak,t,n Segregated flow rate from the natural sources k to main agricultural a in

time t and scenario n

gik,t,n Segregated flow rate from the natural source k to main industrial i in

time t and scenario n

vgk,t Water losses in natural sources k in time t

Dropg,k,t,n Water that exceeds the maximum capacity of natural sources k in time

t and scenario n

sinl,t,n Water obtained from rainfall sent to storage tanks s in location l in time

t and scenario n

siinb,t,n Water obtained from rainfall sent to industrial storage tanks si in location

b and time t and scenario n

Sl,t,n Existing water in storage tanks s in location l in time t and scenario n

SIb,t,n Existing water in industrial storage tanks SI in location b in time t and

scenario n

sout,al,h,t,n Segregated flow rate from storage tanks s in location l sent to agricultural

users h in time t and scenario n

sout,dl,j,t,n Segregated flow rate from storage tanks s in location l sent to domestic

users j in time t and scenario n

siout,ib,u,t,n Segregated flow rate from industrial storage tanks si in location b sent

to industrial users u in time t and scenario n

Ag,t,n Existing water in artificial ponds a in location g at time t and scenario n

aing,t,n Water obtained from rainfall sent to artificial ponds a in location g and

time t and scenario n

aiinw,t,n Water obtained from rainfall sent to artificial industrial ponds ai in lo-

cation w and time t and scenario n

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

and scenario n

aout,ag,h,t,n Segregated flow rate from artificial ponds a in location g to agricultural

users h in time t and scenario n

aout,dg,j,t,n Segregated flow rate from artificial ponds a in location g sent to domestic

users j in time t and scenario n

aiout,ig,u,t,n Segregated flow rate from industrial artificial ponds ai in location g sent

to industrial users u in time t and scenario n

fj,t,n Segregated flow rate sent from the domestic main to the domestic users

j in time t and scenario n

rh,t,n Segregated flow rate sent from the agricultural main to the agricultural

users h in time t and scenario n

qu,t,n Segregated flow rate sent from the industrial main to the industrial users

u in time t and scenario n

Fpchj,t,n Segregated flow rate of water purchased sent to domestic users j in time

t and scenario n

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



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

intoutt,n Wastewater sent to treatment plant in time t and scenario n

cwtp
t,n Water reclaimed in domestic treatment plant and sent to final disposal

in time t and scenario n

intout,a,gh,t,n Water reclaimed in industrial treatment plant and sent to agricultural

sinks h in time t and scenario n

rpchh,t,n Segregated flow rate of water purchased sent to agricultural users h in

time t and scenario n

intiout,ih,t,n Water reclaimed in industrial treatment plant and sent to agricultural

sink h in time t and scenario n

qpchu,t,n Segregated flow rate of water purchased sent to industrial users u in time

t and scenario n

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

intiinu,t,n Wastewater sent from site u to treatment plant in time t and scenario n

intioutt,n Wastewater sent to treatment plant in time t and scenario n

cwitpt,n Water reclaimed in industrial plant and sent to final disposal in time t

and scenario n

ZagSl,t,n Variable for installing storage tanks in location l in time t and scenario

n

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

n

CostSl,n Cost of storage tank in location l at scenario n

CostAl,n Cost of artificial ponds in location n at scenario n

ARSl,n Area occupied by the storage tank in location l at scenario n

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

APAg,n 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

ZSl,t 1 if a storage tank has been installed at location l and time t; 0 otherwise

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

wise

ZAIw,t 1 if a artificial industrial pond has been installed at location w and time

t; 0 otherwise

ZSIb,t 1 if a artificial industrial pond has been installed at location b and time

t; 0 otherwise



Gk,t,s −Gk,t−1,n =
∑
m

+pgk,t − g
d
k,t,n − gak,t,n − gik,t,n − v

g
k,t −Drop

g
k,t,n

∀ k, t, n
(1.3.1)

pgk,t = ROWVk,t +DPWVk,t ∀ k, t (1.3.2)

ROWVk,t = Pt ∗ AROW
k ∗ 0.14 ∀ k, t (1.3.3)

DPWVk,t = Pt ∗ ADPW
k ∗ 0.14 ∀ k, t (1.3.4)

Sl,t,n − Sl.t−1,n = sinl,t,n −
∑
j

sout,dl,j,t,n −
∑
h

sout,al,h,t,n ∀ l, t, n (1.3.5)

SIb,t,n − SIb,t−1,n = siinb,t,n −
∑
u

siout,ib,u,t,n ∀ b, t, n (1.3.6)

Ag,t,n − Ag,t−1,n = aing,t,n −
∑
j

aout,dg,j,t,n −
∑
h

aout,ag,h,t,n ∀ g, t, n (1.3.7)

AIw,t,n − AIw,t−1,n = aiinw,t,n −
∑
j

aout,iw,u,t,n ∀ w, t, n (1.3.8)∑
k

gdk,t,n =
∑
j

fj,t,n ∀ t, n (1.3.9)∑
k

gak,t,n =
∑
h

rh,t,n ∀ t, n (1.3.10)∑
k

gik,t,n =
∑
u

qu,t,n ∀ t, n (1.3.11)

Dds
j,t,n = fj,t,n +

∑
l

sout,dl,j,t,n +
∑
g

aout,dg,j,t,n

+ Fpchj,t,n ∀ j, t, n
(1.3.12)

Dds
j,t,n = cwd

j,t,n + intinj,t,n ∀ j, t, n (1.3.13)∑
j

intinj,t,n = intoutt,n + cwtp
t,n ∀ t, n (1.3.14)

intoutt,n =
∑
h

intout,agh,t,n ∀ t, n (1.3.15)

Das
h,t,n = rh,t,n +

∑
l

sout,al,h,t,n +
∑
g

aout,ag,j,t,n + rpchj,t,n

+ intout,agh,t,n + intiout,ih,t,n ∀ h, t, n
(1.3.16)

Ddi
u,t,n = qu,t,n +

∑
b

siout,ib,u,t,n +
∑
w

aiout,iw,u,t,n + qpchu,t,n ∀ u, t, n (1.3.17)

Ddi
u,t,n = cwdi

u,t,n + intiinu,t,n ∀ u, t, n (1.3.18)∑
u

intiinu,t,n = intioutt,n + cwtp
t,n ∀ t, n (1.3.19)

intiout,it,n =
∑
h

intiout,ih,t,n ∀ t, n (1.3.20)

Smax
l ≥ Sl,t,n ∀ l, t, n (1.3.21)

Amax
g ≥ Ag,t,n ∀ g, t, n (1.3.22)

Smax
l ≥ sinl,t,n ∀ l, t, n (1.3.23)

Amax
g ≥ aing,t,n ∀ g, t, n (1.3.24)

SImax
b ≥ SIb,t,n ∀ b, t, n (1.3.25)

AImax
w ≥ AIw,t,n ∀ w, t, n (1.3.26)

SImax
b ≥ siinb,t,n ∀ b, t, n (1.3.27)

AImax
w ≥ aiinw,t,n ∀ w, t, n (1.3.28)

(1.3.29)



∑
t

ZSl,t ≤ 1 ∀ l (1.3.30)∑
t

ZAg,t ≤ 1 ∀ g (1.3.31)∑
t

ZSIb,t ≤ 1 ∀ b (1.3.32)∑
t

ZAIw,t ≤ 1 ∀ w (1.3.33)

CostSl,n = (
∑
t

KFl,t ∗ V Pl,t ∗ ZSl,t) ∗ A

+ (
∑
t

KFl,t ∗ V Pl,t ∗ ZagSl,t,n) ∗B ∀ l, n
(1.3.34)

CostAg,n = (
∑
t

KFg,t ∗ V Pg,t ∗ ZAg,t) ∗ C

+ (
∑
t

KFg,t ∗ V Pg,t ∗ ZagAg,t,n) ∗D ∀ g, n
(1.3.35)

ZagSl,t,n ≤ Smax
l +M ∗ (1− ZSl,t) ∀ l, t, n (1.3.36)

ZagSl,t,n ≥ Smax
l −M ∗ (1− ZSl,t) ∀ l, t, n (1.3.37)

ZagSl,t,n ≤M ∗ (ZSl,t) ∀ l, t, n (1.3.38)

ZagAg,t,n ≤ Amax
g +M ∗ (1− ZAg,t) ∀ g, t, n (1.3.39)

ZagAg,t,n ≥ Amax
g −M ∗ (1− ZAg,t) ∀ g, t, n (1.3.40)

ZagAg,t,n ≤M ∗ (ZAg,t) ∀ g, t, n (1.3.41)

Smax
l = ARSl,n ∗ ATSl ∀ l, n (1.3.42)

Amax
g = ARLg,n ∗ ATNg ∀ g, n (1.3.43)

APAg =
∑
t

ZAg,t ∗ Aa
g ∀ g (1.3.44)

WaterSales = (
∑
n

Probn∗

((
∑
k,t

gd,nk,t +
∑
l,j,t

sout,dl,j,t,n +
∑
g,j,t

aout,dg,j,t,n) ∗DSC

+ (
∑
k,t

gak,t,n +
∑
l,h,t

sout,al,h,t,n +
∑
g,h,t

aout,ag,h,t,n +
∑
h,t

intout,agh,t,s ) ∗ ASC

+ (
∑
k,t

gik,t,n +
∑
b,u,t

siout,ib,u,t,n +
∑
q,y,t

aiout,iw,u,t,n +
∑
h,t

intiout,ih,t,s) ∗ ISC

+ (
∑
j,t

fpchj,t,n +
∑
h,t

rpchh,t,n +
∑
u,t

qpchu,t,n) ∗ PSC))

(1.3.45)

StorCost = (
∑
n

Probn ∗ (
∑
l

CostSl,n +
∑
g

CostAg,n

+
∑
b

CostSIb,n +
∑
w

CostAIw,n))
(1.3.46)



TreatCost = (
∑
n

Probn∗

(
∑
k,t

gdk,t,nCTND +
∑
k,t

gak,t,nCTNA+
∑
k,t

gik,t,nCTNI

+ (
∑
l,j,t

sout,dl,j,t,n +
∑
g,j,t

aout,dg,j,t,n) ∗ CTAD

+ (
∑
l,h,t

sout,al,h,t,n +
∑
g,h,t

aout,ag,h,t,n) ∗ CTAA

+ (
∑
b,u,t

siout,ib,u,t,n +
∑
w,u,t

aiout,iw,u,t,n) ∗ CTAI

+ (
∑
h,t

intout,agh,t,n +
∑
h,t

intiout,ih,t,n) ∗ CTPA

+ (
∑
j,t

fpchj,t,nCTFP +
∑
h,t

rpchh,t,nCTRP +
∑
u,t

qpchh,t,nCTQP )

+ (
∑
t

cwtp
t,n +

∑
t

cwtpi
t,n) ∗ CTPE))

(1.3.47)

PipingCost = (
∑
n

Probn ∗ (
∑
l,j,t

sout,dl,j,t,nPCSTD +
∑
g,j,t

aout,dg,j,t,nPCASD

+
∑
l,h,t

sout,al,h,t,nPCSTA+
∑
g,h,t

aout,ag,h,t,nPCASA

+
∑
b,u,t

siout,ib,u,t,nPCSTI +
∑
g,h,t

aiout,ig,u,tPCASI

+
∑
k,t

gdk,t,nPCND +
∑
k,t

gak,t,nPCNA+
∑
k,t

gik,t,nPCNI

+
∑
h,t

intout,agh,t,n PCTW +
∑
j,t

fpchj,t,nPFP

+
∑
h,t

rpchh,t,nPRP +
∑
u,t

qpchu,tPQP

+
∑
h,t

intiout,ih,t PCTI))

(1.3.48)
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