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Introduction

Inventory  No. of Energy CO,

Ref. OMS Shortages
. ) model stages = aspects aspects
Final energy consumption by sector, EU, 2021 Wu and Ouyang (2003) EPQUELS 2 ~
(% of total, based on terajoules) Zanoni er al. (2014) EPQ v v
Biel and Glock (2016)  EPQ 2 v v
Sarkar er al. (2018) EPQ 1 v
Other () | Raw Materials Daryanto and Wee (2018) EPQ 1 v v v
3.6 % i ;!‘ U“‘”-'. Taleizadeh et al. (2018)  EPQ 1 v v
Indusiry = . S ;:‘ U-“"" Supplier . Taleizadeh er al. (2018)  EPQJELS 2 v
25.6 % - P Marchi ef al. (2019) EPQ 1 v
g T S . Mishra et al. (2020) EPQ | v v
Households || Manufacturer Nguyen ef al. (2022)  EPQ R v
Nguyen ez al. (2023b) EPQ | v v v
Nguyen ez al. (2023a) EPQ | v v v
This study EPQ/JELS 2 v v v

JELS: Joint economic lot sizing, OMS: optimizing of machine status.

2P, > = The Iintegration of energy consumption and
1LY backorder concerns into a two-level inventory model;
Services o . o )
o = %Q"? g Ditibutor = The resolution method to minimize the average
< total cost function including energy consumption cost;
Retailer
- = Optimization of production rate, mMmaximum
(1)Inter_nationalaviati::m and maritime bunkers are excluded from category Transport. onsumer baCkOrderlng qua ntlty, number Of Shlpments per batCh,
Source: Eurostat (online data code: nrg_bal_c) . . .
eurostat® quantity transported per delivery and the production
line status.
Parameter
demand rate (unit/h) Referring to Wu and Ouyang (2003), the The optimal value of g and b can be yielded as
setup cost of the manufacturer (€/setup) 5 O ! | objective functions can be rewritten as 2D + HOY
order cost of the retailer (€ /order) 59 | 5 R 2/1a,i
inventory holding cost of the manufacturer (€ 0 - | TG(Pog.m, ) 4% (Pm) = yZai = \/HZB + H,BX, + H{H,X, 7
/(unit.h)) 5 2 i AP hx ) (a-yZa)
inventory holding cost of the retailer (€ /(unit.h)) 69 SV === - -~ 2q|\B+H 14a J\4 L * _ x
: S £ [ /‘ 2 b;(P,n) = do (8)
shortage cost (€ /(unit.h)) q | . 2 B+ H,
idle power of the production line (kW) | — * _ 2
energy consumption of the production line to < F T o time HiB T Ha) [b B+ H, q] (6) (6) becomes
produce one unit (kWh/unit) . ’ : L H,B Ss H,B D\ 2D
energy cost (€ /kWh) 2 5, | L + + H X, |\JZ,; + M; TC;(P,n) = (2D (52 +—= ) : + Hy [Tl (1 - —) + = - 1] + M;
e I ; ® 5 | L B+ H 2 n B+ H, P P
multiplication factor for the power required B = b\ [\ N [\ l\ l\:\ | 2
during the setup of the production line T o N !\l NN > Let
re-setup time of the production line (h) = E b i i - time where 2D D
unoL CaseO — | (— 1 K) DE, wheni=0 |
R &&) I S m{f—».l — M, ={ p | When X,>0: n} = [ny;] if TC*([no;]) < TC*([no;] + 1);
production rate (unit/h) * 4 L off o R (W + KD)E, wheni =1 otherwise nj = [ng;| + 1 where ng; = /S; X,/ (S, Yp).
The maximum backordering quantity at the ! Case 1 -. Standby ., |
buyer (unit) | | | | - 2D(B + Hy)Y, 4 .
The number of shipments per batch production Pradection line/inochine status Zgi = H,B + H.BX, + H,H,X, >0 TC (P) = B+, <Ssz +51; 1, t 2\/51,1'52)(1, Yb) + M; (9)
rein; a pOSItIVG mteger
quantity transported per delivery (unit/delivery) D 2D
Xa=n(1—F)+?—1>0 When X, <0:n; = 1.
Specific energy consumption from production [Gutowski et al., 2006] S1i H.B D
Ygij=s5+—_~>0 TC;(P) = |2D(Si; +S,) ( 2" —) + M, (10)
kWHh W H, + B P
SEC( _>=—+K (1) I
unit P
Resolution procedure
Case 0: The production line is turned off/on »
D n;, D\ 11 D DS, H,(q—b)> Bb: (W DFWt,, E ’
TCy(P,q,n,b) = H [— —(1——)—— —S (— K)DE 2
o(P,q,m,b) 1qP-I_Z P 2+nq 1 q i 2q +2q+ P+ * nq 2 Input
‘ ’ ‘ ' ‘ ’ / parameters /
| | |
Manufacturer Retailer Energy cost 4 v
Xb (P) Calculate P,
Case 1: The production line is kept on standby
No /\ Yes
TCo(P,q,n,b) =H [D + n(l D) N D (D%, H@—b) Bb®, (W + KD)E 5) [0 P "o P
) Inl = o " Y -
i P72V TP T2 T T g 2q 2q Ves \INO/
‘ Y J l Y J 1 Y / - Find 7C,, P, from (9); - Find TC;,, P, from (9) with P €[P,.., Py - Find TC,, P, from (10);
Manufacturer Retailer Energy cost | P | I?cl?n; m:;({iTlCo TC) gggﬂiiﬁ;;z if:)“;é ;(i) ?‘fgzPTgEz? Pls ! D;CﬁnjtD f@;ﬁg@» ey
D D 5 > =7C*, P*and i*
The overall Mixed-integer nonlinear programming (MINLP) problem for both cases can be min o max l /\
summarized as follows ' f;“j,.Yb and ny i X,(P")>0 o M Setn'=1
Minimize TC,-(P,q,n,b) l \/
S.t.
Substituting n* and P*
Pmin =P= Pmax (4) into (7) and (8) to find ¢~ [«
and b*
-7
toy <—|1——= (5)
where the indicator / stands for the two options of the production line during the non-
production phase which takes the values of O and 1. The constraint (5) is for re-setup time in References N umer|ca| |nSta nce
when the production line in turned off/on (case 0). / \ / \
= Nguyen, H.-N., Godichaud, . .
Amodeo, L. (2023a), Epg inventory D 0.521 unit/h ton 0.01 h
model with backorders and S1 400 €/setup W 2 kW
Conclusion and perspectives g Lmplatons S 25 €forder  F 2
52nd |EAC World ConéreSS. ' Hy 4.57e-04 €/(unit.h) K 0.05 kW/h
/ . . _ o . . \ » Zanoni, S., Bettoni, L., Glock, C. H. Hoy 5.71e-04 €/(unit.h) E 0.2 €/kWh
This study integrates energy consumption optimization into a two- (2014), Energy implications in a B 1.14e-03 €/(unith) P [1.042:2.604] unit/h
: : C g : : two-stage production system
Ieve! supply chain production system, con_s,lstmg of a single manufacturer and a single with  eontrollable  production
retailer. We analyze the energy consumption of the system through two phases of the ates, _International Jo$£gal162f Models P* ont g )+ T & .
manufacturer's production line: the production phase and the non-production phase. e Wu and Ouyang (2003) 1.667 3 177 59 0.931 g
A resolution procedure for the mixed-integer non-linear programming problem is - Wu, K. S, Ouyang, L. Y. (2003). An This model &~ e
proposed to determine the optimal values of four decision variables by minimizing the ik;wtegrated si?gle-venotlor Sing'ItGI’; Case i =0 2.604 2 529.243 176.373 1.249 g‘) R
. . . . . uyer Inventor system Wi s Sae &
total cost function, which includes production costs. To illustrate the model, a chortage  derived algebraically Case 1 = 1 1.042 6 222 0 4.436 3t
numerical example is performed. Through this example, we can observe the fiéc)iusfsst;ogglanning and Control, O :
. . . . . , — . U ég
Importance of considering energy factors in the cost model of inventory systems. . Gutowski T. Dahmus. 1. & Thiriez. Models Inventory cost Shortage cost Energy cost T'C g
. . o . A. (2006). Electrical energy
incorporating additional energy-consuming components of a requirements for manufacturing Wu and Ouyang 0.557 0.011 1.255 1.82
: : . . : : . | 13t ' '
supply chain, such as warehousing and transportation; investigating more complex intermational conference on life Zhls model 041 0.054 0.806 1249
systems involving multi-level or multi-product aspects. cycle engineering (Vol. 31, pp. 623~ ~26.4% 209.1% -33.8% 31.5%
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