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Sets, Parameters and Variables

Table 1: Sets of the MIP.

Set Defined for Meaning
P - Products
T - Time steps
C - Components
U, Vee C Subcomponents
Zeu Ve e Cou e U, States
R, Ve e C Revisions
S - Storages
Bey,- Vee C,ue U,z € Z,, Breakpoints
Xew Vee Cou e U, Input Products of Subcomponents
Yoo Vee C,u e U, Output Products of Subcomponents
Table 2: Parameters of the MIP.
Param. Set Meaning Domain
7 vteT Time step s
haoree Vpe P Product has source {0,1}
hSink Vpe P Product has source {0,1}
cf};y VpePteT Price of bought product RS
c;fy Vpe PteT Price of sold product (com- R{
pensation)
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Table 2: Parameters of the MIP.

Param. Set Meaning Domain
dp+ Vpe PteT Demand of product R(J{
w2t Vee C,ue U, Product that is output of a P
component
wg’u Vee C,u e U, Product that is output of a R
component
Tep VeeCipe |J XeuwUY,, Ramping parameter R
ueU,
dmin,down Vee C Minimum downtime RS
dmin,up Vee C Minimum uptime R
cstartup Vee C Specific startup costs RS
payration Vee C,r € R, Time per revision and unit Ry
pa Vee C Time between revisions R
wmin Vs e S Minimum fill level RS
wex Vse S Maximum fill level RS
apymax;load Vse S Maximum loading rate R
maxunload g e g Maximum unloading rate RS
pload Vse S Storage loading efficiency RS
punload Vs e S Storage unloading efficiency Ry
Ds Vs e S Storage product
‘Ci?f‘;‘bnt Vee C,ue U,z € Z.y,b€ Domain breakpoint Rg‘
Bewort€T
bt Vee Cou € Upyz € Zew,b € Range breakpoint R
Bew,teT
Pirmit VeeCope U Xew Initial product input of R
u€le component
outinik VeeCipe U Yeu Initial product output of R
u€Ue component
ginit Vee C Indicates if component is {0,1}
initially active
Gytate.init VeeC Indicates if component state {0, 1}
is initially active
dup-init Vee C Initial uptime of component R
ddowninit Vee C Initial downtime of compo- R
nent
VY imit Vse S Initial fill level of storage R




Table 3: Variables of the MIP.

Var. Set Meaning Domain
et Yee CiteT Component and its sub- {0,1}
components are active
State Vee Cobu €Uz € Zey,t €T Comp. and its subcomps. {0,1}
are active in specific state
CC’:;;J VeeCpe U Yeu,teT Product output of compo- RBL
u€le nent
q)icljp’t VeeCipe |J Xew,teT Product input of compo- Rar
uele nent
E‘Ltjutb Vee Cou € Upyz € Zepy,t €T Product output of sub- R{
component
Ln;ibt Vee C,u €U,z € Zoyy,t €T Product input of subcom- R
ponent
Crartup Vee C,teT Startup costs of compo- R{
nent
gerreup Vee CiteT Indicates if component is {0, 1}
starting up
gehutdown e e Oyt €T Indicates if component is {0,1}
shutting down
Greyision VeeC,iteT Component is revised {0,1}
5£?X;Sion’indic Vee C,r € Re,teT Indicates if component is {0,1}
being revised
Wif’tad Vse S,teT Loading rate of storage RS
Wuplead s e S teT Unloading rate of storage R
Wiy VseS,teT Fill level of storage R
§load Vse S,teT Indicates if storage is {0,1}
loaded
gunload Vse S,teT Indicates if storage is un- {0,1}
loaded
O;ilt‘k Vpe PteT Sink used Rar
O3opree VpePteT Source used RS
ADp ¢ Vpe PteT Unfullfilled demand R
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. source ,buy _ ~sink sell
mmz Z (Op,t Cp,t Op,t Cp,t
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Constraints

Product Constraints

Product Balance

_ out in unload yy7unload
dp,t + ADp,t - § : (I)C,p,t - § : q)c,p,t + § :ps (775 Ws,t
ceC ceC seS
pEUuEUC Ye,u pEUuEyc Xeu
+ WO — hRONY Vte T,pe P (2)

Production Constraints

Couple activity of subcomponents

Z gtate =6,y VeeCoueU,teT

cu, 2

2€Zcu

Couple output/input of component and their subcomponents

Rope= D ToLIY VeeCouUep€Vont €T
2€EZc.
Oy = Y Pl Vee Cou€Usp € Xew,t €T
2€2Zcu
¢ t,sub
LTEID DD DL st eeCpehted
we€U, 2€Zc,,
P=We,u
. in,sub
o= Y Y el VeeCpepteT
ueU, ZEZc,u
P=Wec,u

Coupled component input and activation and output and activation

oL < ax {adomain, b ostate . Ve € Cou€Up, 2 € Ze,t €T

c,u,z,t bEBe v - c,u,z,t
b#0
out,sub : domain state
(I)c,u,z,t Z be%nn {xc,u,z,b,t 5c,u,z,t Ve e C,U € UC? S Zc,uvt er
b£0
in,sub range state
@C7u.’z’t S ber%ax {$C1uvzyb7t} 5C7uazvt VC € C7u € Uc’ z € Zcuu7t € T
b#£0
in,sub . range state
(I)C’U;Z;t 2 bggln {xc,u,z,b,t} 6c,u,z,t Ve € C7U € Uca S Zc,uyt eT

b£0

(8)

(9)

(10)

(11)

rload
— k)



Piecewise linear coupling of component input and output (SOS2 Con-
straints)

P = > aloer et Vee CueUyz € Zewt €T
bEBe,u, =
(12)
o = > aE, VN Vee Cou€Upz € Zoust €T
bEBe v,
(13)
ight
dooevEn, =1 Vee Cou€Ue,2 € Zew,t €T
bEBc u,=
(14)
preisht € S0S2 Ve € Cou € Upy 2 € Zpyyb € Beoyt €T
(15)
Maximum ramp-up and ramp-down rate
(I)g,lp,t - g}p,t—l < Tep (5c,t + 5§,tit§f - 1)
. d 1
+ max O;bergln {Icoz;njlbnt “Tep (¢ ( itift - 5c7t—1)
b#£0
+ { domainy | 1 — gstate )
b max xc,u,z,t ( c,u,z,t
b#£0
Ve € Cou € Upy2 € Zew,D € U Xew,t € T\ {0}  (16)
ueU,
lcr,lp,t—l - (I)g,lp,t < Teplert
. domai tat
+max §rep,, min {zuE e (60051 — Oe)
b£0
4+ ma { domain (1 _ gstate )
b .X xc,u,z,t c,u,z,t—1
b£0
Ve € Cou € Upyz2 € Ze,p € U Xew, t €T\ {0} (17)
uelU,



q)outt _ cI)out < Tep (5c,t + 5state _ 1)

c,p, c,p,t—1 c,u,z,t

: domain state
+ max O,bergm {a8met —rep o - ( Se—1)

cau,z,t
cyu,z
b#0
+ { domainy | (1 _ 5statc )
b max xc,u,z,t c,u,z,t

c,u,z

VCGC,UQUC,ZGZc,uapG U n,uateT\{O} (18)
u€lU,

out out
(I)c,p,t—l - q)c,p,t < Tg,péc,t

: domain state
+ max { T¢,p, bergln {xc,u,z,b,t : ( cau,z,t—1 50775)
C, U,z
b#0
domain state
+ bemax {xc,u,z,t : (1 - 5c,u,z,t71>
c,u,z

b£0

Ve € Cou € Upy 2 € Zeayp € U Yeu,t € T\ {0} (19)
uelU,

in _ (I)lcr,l;z’)mlt S Tc,p (5@0 4 5state _ 1)

¢,p,0 c,u,z,0

: domain state init
+ max < 0, min {xc,u,z,b,o —Tep (- ( c,u,z,0 50 )
bEBc,u‘z
b£0
domain state
+ b HéaX {xc,u,z,O : (]‘ - 6C,U,Z,O)

b£0

Ve € C,U € UC,Z S Zc,u,p S U Xc,u (20)
uelU,

in,init in
(I)c,p — ¥¢,p,0 < 7‘07176070

domain state,init
- (6 —6c0)

+ max Te,py bergiri N {xc,u,z7b,0 U,z

b#£0

domain state,init
+ max {xc,u,z,O : (1 - 5c,u,z7 )
bEBc,u,»

b0

Vee Cou€Usz € Zewp € | Xew (21)
ucU,



(I)out (I)(c)};t,init < Tep (50,0 +5state _ 1)

¢,p,0 ¢,u,2,0

domain state init
+ max {0 eIBlH {xc u,z,b,0f Tc,p} : (5c,u,z,0 - 50 )

b£0
domain state
+ b max {mc,u,z,o ' (1 - 5c,u,z,0)
b£0
Vee€ Cou€Upz € Zewsp€ | Veu (22)
uelU,
DL < 1

: domain state,init
+maxq Tep, MmN {mc,u,z,b,o ((sc,u,z - 60,0)
bEBc v,

b#£0
+ e {2 (1 - e
b0
Ve € O,U € UC,Z € Zc,uvp S U }/;,u (23)
uelU,
Startup/shutdown of unit
Oejpm1 — Oy — Oghptdown 4 gotartup — Vee Ot e TIt>0 (24)
G = b0 — 65O + 5207 = 0 Vee O (25)
gaiprdown  gRirtir < VeeCiteT (26)
Startup cost of unit
Catartup 6startup startup Ve c C,t eT (27)
Minimum up-time of unit
t
o g <5, Vee Ot e Tt —dMM +1 >0 (28)
—t—dPmP
ghedown — Ve € C,t € T|t + diPit — gmimup 4 ] <

(29)



Minimum down-time of unit

t
oo gty 5., Vee Ot e T —d™OM 4120
T:t_dxgjin,down_,’_l
(30)
6zftartup =0 Ve e C,t c Tlt 4 dgown,init _ dinin,down 41 S 0

(31)

Revision activity

Oc,t + 523“““ <1 VeeC,teT (32)
Start/stop revision of unit
Z 52??:igions,indic — 6236/1510[1 VC c O (33)
reER.
Z 521737\:itsions,indic Z zfztvision _ é,ctv_islion Ve c C,t c T|0 <t S |T| _ pcciﬁgflion 41
reR.

(34)
5™ o _ g Vel Gt e TITI - Y 41 <
reER.

(35)
Minimum revision length of unit

t
Z Z 52?7\:i:ions,indic — 5£,ctvision Ve € C,t eT (36)
r€R. T:tipf:lurration+1
TEO
Yearly revisions per unit
D greyisionsindic — 1 e e Cyr € R, (37)

teT

Revision order

iome i | iome i
S agreyionsindic 4 pduration 4 )& < 37 greviionsindic v g O € Relr < |Re|
teT teT

(38)



Storage Constraints

Storage fill level definition

W, = Wiopdplead —yyplond L W, Vse S,teT|t>0 (39)

Wao = Wigdniend —wiglosd 4 it vs e § (40)

W, = Wit Vse S teT| mod (t+1,0) =0
(41)

Maximum storage fill level

Wy <wi®™ VseSteT (42)

Minimum storage fill level

Wei>w™™ VseSteT (43)

Maximum storage loading

W;?tad < w;naxJoadé};)?d Vs € S’ teT (44)

Maximum storage unloading

W;l,?load S w;nax,unloada;r;load Vs c S,t cT (45)

Storage activity

gload | gunload <1 yse S teT (46)



