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ABSTRACT

Production and inventory management for deteriorating items is homogenizing the environmental concerns with great
significance. This paper intricates a sustainable economic production quantity model for improvished deteriorating items
that pivot on deteriorating items at a constant rate and the control of deteriorating progress, emission of carbon due to
production operations and to benchmark by investing in carbon reduction technology and to enchase the quality of
unsaleable manufactured product by investing in quality improvement. The objective of this paper is to review the influence
of preservation and carbon reduction technologies on the total profit to succour the administrator, mark maximum
structured restocking and pricing decisions using Non-Linear Programming technique.

Keywords Sustainable Economic Production Inventory model (SEPQ) - scrapping, carbon reduction investment -
preservation technology - Non-Linear programming technique (NLP).

1 Introduction
One of the most extrusive issue on irretrievable damage to the Earth is the environmental pollution due to global warming.
Many efficacious techniques are proposed by many countries to attenuate carbon emissions and develop sustainability. To
prevent items from being wasted and control deterioration the temperature and humidity of storages are fluctuated. To ease
up the deterioration progress, it is imperative to invest on preservation technologies.
The perfect manufacture of products was achieved by production inventory model. However it is rarely satisfied undeniable
product results due to long running time, human errors and total control of the manufacturing process.
In this superintendence existed an inventory model for defective items that inspected to identify the rate of imperfection.
To mitigate the imperfect quality items, quality improvement technologies focussed to help manufacturers to keep away
from out-of-control situations that lead to manufacturing imperfect quality items.
To overcome the impact of carbon emissions in the imperfect manufacturing of deteriorating items it is mandatory to work
on,

The formulation of a model for defective item

Control of carbon emission to develop sustainability

Effect of quality improvement technologies on total profit
The above mentioned challenges can be achieved through controllable carbon emissions and deterioration of imperfect
manufacturing.

2 Literature review

In today’s business environment, reverse logistics is preordained owing to product returns, incorrect product delivery,
damaged products and product exchange programs. According to Bazan, E., Jaber, El Saadany, A.M., [1], the reverse
logistic environs pivot to assess the supply chain environmental imputation. In view of Cao, K., Xu, X., Wu, Q., Zhang,
Q.,[2] due to rise in environmental awareness among consumers, many manufactures are progressively endorsing carbon
emission reduction technology to generate greener products. The data collection of Halat, K., Hafezalkotob, A., [3]
indicates that the carbon emission reduction level increases as the carbon trading price increases whereas it is unconstrained
of the unit low carbon subsidy. Kim, M.S., Kim, J.S., Sarkar, B., Sarbar, M., Igbal, M.W., [4] has manifested that the
government and the policy makers set synchronizations to reduce greenhouse gases and carbon foot prints. Lu, C.J., Yang,
C.J., Yen, H.F., [5] paper advances on the integrated inventory models with imperfect quality and environmental impact.
Mishra, U., Wu, J.Z., Sarkar, B., [6] investigates on the influence of emission costs on the replenishment order sizes and
the total profit of a buyer in a wrapped supply process. So, it is inevitable to calculate wrapped items in an integrated
inventory model with distribution free approach for lead time demand. Paper presented by Mishra, U., Wu, J.Z., Sarkar,
B., [7] anchors on extended environmental sustainability EOQ model to prevail over the constraints of the classical EOQ
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model and develops a new inventory model with carbon tax policy and imperfect quality items where the buyer exerts
power over the supplier.

Moreover the work of Wangsa, 1.D., Tiwari, S., Wee, H.M., Reong, S., [8] focusses on carbon emissions caused owing to
corporate activities that can be checked through specific capital investment in green technology. Yang, Y., Chi, H., Zhou,
W., Fan, T., Piramuthu, S., [9] introduced solution technology of carbon tax and carbon cap policies which give prior
importance to reduce global warming through carbon emissions. Furthermore, the extended work of Sarkar, B., Sarkar, M.,
Ganguly, B., Cardenas-Barron, L.E., [10] engrossed about greenhouse firms and modulate carbon emission constraints to
promote sustainable supply chain.

This paper signifies on the sustainable economic production quantity model for improvised deteriorating items at a steady
rate and control the same through preservation technology investment considering carbon reduction investment, without
considering carbon reduction investment and taking into account both the preservation investment and carbon reduction
investment. This paper aims at analyzing the influence of preservation and carbon reduction technologies on the total profit
to accommodate the administrator mark maximum structured restocking and pricing decisions using Non Linear
programming technique.

3 Mathematical Model

3.1 Assumptions
A single item model is defined when articles are instantaneously refreshed and a single manufacturer ladles out as a
single retailer.
A constant deterioration rate for all articles is attained on ignoring the lead time and shortages.

A demand is defined as a decreasing linear function of selling price that is given by, D($)=a-bS
L(G)=A(1-¢™)

w L(G)

The fraction of carbon reduction is systematized as
L(G) -0 G=0

where M js the productivity of carbon reduction

L(G)

technology. when and when G - ~A . Here

function with regard to the carbon reduction investment G,

is a continuously differentiable

1
—IH&T

To bring down the fraction of defectiveness the capital investment fraction is ¥ H for O=p=p where T
is the cycle length and L 4 is the percentage of drop in defectiveness. The capital investment cost is ordered as
L—Uln[ &]
W H

3.2 Notations

S - Selling price of the item

T - Cycle length of the production process during
the given unit time

p - Constant rate of production
R - Rate of rework in unit

T

1
where @ is the total opportunity cost.

o

- Cost of set up per cycle during production
process

n

- Cost of set up per cycle during rework process

n

- Production cost per unit cycle

k9!

- Deterioration cost per unit cycle

’J‘Q

- Cost of scrapping per unit cycle

=

- Holding cost per unit cycle in the production
process

=

- Holding cost per unit cycle in the rework
process

.

- Manufacturer run time

- Revamp run time in the cycle length T
- Investment in green technology

Mmooy

- Investment in preservation technology
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6 - Accessible rigid inventory deterioration rate

Ho - Proportion of defective items produced during
manufacture prior to quality improvement
investment

H: - Proportion of defective rework growth

v - Percentage of reduction in defectiveness
after quality development investment

w - Comprehensive opportunity cost succeeding
investment of quality improvement

=] ..

5 - Carbon emission caused due to the set up

process at the time of investment

=] ..

S - Carbon emission caused by the set up

process at the time of rework

€ - Emission of carbon due to production process

Cr - Carbon emission due to rework process

Cn - Carbon emission on account of stock in the
warehouse

s - Carbon emission in kg per unit from scrap

‘D - Disintegrated carbon emission

A - Partial carbon emission reduction after
investment in green technology

6 - Tax on carbon per unit cycle

H - Production of defective items produced
during manufacture succeeding quality
improvement investment

4 Crisp Model

In this model, a sustainable economic production quantity model is promoted where differentiation of serviceable and
reworkable periods takes place. Later, pertinent costs like production, holding, setup, defectiveness, reworking and
scrapping costs amalogous to the production inventory are defined. In addition to the above process, emission of carbon
will be briefed. Based on the receipt of collected from the perfect item sale, the respective total profit function can be

attained.

Based on production, rework, defectiveness and rate of demand the inventory level fluctuations can be expressed as the

following equations:
Case (i)

In the absence of preservation technology investment (£=0) and in the presence of carbon reduction investment (G>0)

, the total profit function is given by,

I
Ic = Sca—bsm—m—}{sw+5~+q,m FH L +1 L H L+ L]4C) Py~ (a-bS)T-

Ryr[{:-!‘l]+C,€R((:'f]l+Q,L.‘rRl(:-IVJ+E}1’nIﬂ T -é{ [L-‘. te, +e, P+
v oLH T ’
el + L+ 1+ L+ +e [Py —(a-bS)T-Ry (1, )] +e,Rit,~t) +e Rt~ 1)]
[1-A-¢™)]] }-6
Case (i)
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Considering preservation investment (&>0) and without considering carbon reduction investment (G=0) the total profit
function can be expressed as,

TC, = R(u-hSI:I—p]-%{.ﬂ,h@_ﬂﬂ,.ﬁ‘r‘ FH L+ + L)+ H[, + L]+ C, [Py -(a-bS)T-

Ry (8, = 1))+ CoRit, — 1)+ Cop Rit, — 1, H&‘hr[ﬂ] I‘] -é{ [c\ te, te, P+

@ {u) | T

cj,l."+f,+I=+I,+.';\+u,]|P(-(;n-ﬁS)'."-Ryf:f_,-:,}|+vHRf:.-r)+v\y‘Rw‘.-r,n]}-E
Case (iii)

. . . . . . > . . >
Taking into consideration both the preservation investment (&> 0) and carbon reduction investment (G>0) the
developed profit function can be expressed as,

I
TC, = S[.-:—hS)[I—,u;—?{ S, 4 S+ C,PL+HL+ 1+ L1+ HL + 1)+ C Pt~ (a—bS)T-

Ry (t, =)+ C.R(t, = 1)+ Cop R(t, -17:+5}.’n[ﬂ] T -é{ [a te, te, Pt
wolu)| T '
el i+ L+ L+ 1+ L]+e [Py = (a=bS)T= Ry, (t, = )| +eRit, =t ) +eqp Rt =14)]

1-A0-¢™)]] }-G-¢

5 Mathematical Analysis of Fuzzy Non-Linear Programming

The objective of a fuzzy non-linear programming problem with fuzzy resources can be articulated as,
Min g,(X)

stgi(x)<a,i=12,.m

Linear or Non-linear membership functions, a consequence of fuzzy objective and fuzzy resources evolve Ho and

Hi31=L2,...m assumed to be non-increasing continuous linear membership functions can be expressed as,

I, if g.(x) < a,
pi(g;(x) = l‘@,h"a! sg=a+h
0, ifg.>a+P where i=1,2,...m
I, ifg_j(x) <uy,
g,(x)-a

Hi(g(0)=11- / Jdfu, £g.(x)Su;+P.

i
0, ifg, > a, +PJ
where J = 0:1,2..m
The concept of max min operator of Bellman and Zimmerman’s approach is applied to arrive at the solution. The
membership function Hp(X) is
H(X) = min{ g, (X). 4 (X)..... 4, (X)} VXE X
To represent the intersection of the fuzzy sets of objectives and constraints, the min operator is considered as the decision

maker expects to have a crisp decision proposal, the maximizing decision relative to the value X, Koo which will have the
highest degree of the membership in the decision set,

Hp( X,y) = max{min{ g1, (X0, (X0, (X0} }

The above equation is in co-ordinance with the following crisp Non-Linear programming solution.
Maxa

sty (X)za
Mix)za; i=12,. mVxz0;a€(0,1)
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La, X,A)

The Lagrangian function , a new function is formed by introducing (m+1) Lagrangian multipliers

A=A )t,,,)_ The required constraint of Kuhn et al. for the optimal solution to this problem alluded that optimal

values % %+ X gnd A A AT ghould satisfy

Alg(X)—a,-(1-a)P)=0

g(X)sa+(-a)F,

A £05i=1,2,..m

Besides, Kuhn Tucker’s adequate constraint claims that the objective function for maximization and the constraint should
be respectively colane and convex. This articulation focusses that both the objective function and the constraints satisfy
the adequate condition.

6 Solution of the Proposed Inventory Model

6.1 In the absence of preservation technology investment (§=0) and in the presence of carbon reduction

investment (G>0)

The proposed inventory model is,
MinTC, =5|.ﬁ-hS'\ll-p)-iT[S,,+5.“,+(],P:,+Hi‘[I+13+.’,|+HN[IL+LI+("..\PII-(.z-hSﬁT-

Ry (1, 1)1+ C,Rit, =4+ C,p Rt 1 ;+5’m[ﬂ] 7 —é{ (& +es te,Pr+
* : SR I VLU

e L+ 1+ 1 +1 +1]+e [Pt —(a-bS)T- R (t,— 1) +eR(t, - t) +eli Rit, —1)]

1-Aa-¢] }-6
s.t H ji’ < 13
SAST
VS P>0
which reduces to the following equation

Max a
st S(a-bS)(l —p)-iT{s,, + 8, + Co P+ HLL+ L+ 1]+ Hl I+ I+ C,[ Pt~ (a= bS)T—

. . w (K 6
Ru, (4, = )]+ CR(t, - 1)+ Cop R(1, _I‘HEIH[;] T] -;{ [f.s‘, +eg e Pt

eyl + 1, + L+ 1+ ]+e[PL—(a=bS)T= Ry (t, =) +e,R(t, — ) +et R(L, — )]
[1-Ad-e") ] } -GG +(1-9)S,
HR<P+(1-g)H,

SWET+(1-p)e,
V8. P>0 & e

The corresponding Lagrangian function is,

LW, S.P,S,.84.Cy, Cy. Co Hy Hy A A A ) = = A { Sta-bS) (1 —,u)—lT{s,,+ S, +C, P+
H L+ L+ L1+ HL+ 1]+ C[Pt - (a = bS)T- RU,(t, - )]+ C,R(, = 1)+ Gyl R(t, = 1) +

Y &]T]-g[[e& e ke P+ [+ + 141+ %e [Py (a-bS)T-Ru (L -4)]+
L o i i
eRR(!:—r1)+es.u‘R(r:—q)][l—A(l—c‘”’”)J]}-G—(.‘P—ll—(p)SP}—AJ{,UR—P—(I-W)HP}—
A{Sw-T-(1-p)e,}

From the Kuhn-Tucker necessary condition,
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oL oL _ 0L o O _ oL oL

s Yy Ve T Y ]

dw as op 9s, 85, aC,
oL oL oL oL oL oL oL
—=0;—=0;—=0;—=0;—=0;—=0:—=0
oc, ac, oH, OH, 0\ A, A
oL
—=1-AS,-AH,-Ae, 20
oy
oL 1
%=Al{(‘7_f’)“_l'-')_l].{h‘t""sn"'(-‘pplj+Hp”|+I_'+’_\]+Hx”ﬂ""5]+C()|P11_(ﬂ—f’)'r_ ﬁ=/1,{5(_6!’bs][l’ﬂ)*?{sp"‘5R+CJ,PI‘+H,,“]+f:+f;]+H,‘,“,,+f‘|+C,,|Pf,*(a*hS)T*
w (4 & _ _ SRR T P T
Rp,(r:—r,)]+(‘,,R(r:—r,)+(‘_5.p,R(r:-r,)+a.'u[jli“l—?{[uh.’m{kw,yrﬁ Ru, (L, =)+ CR(t, = 1)+ Cy R(t, r‘“qj’”l]h] ?I[L_i.+{.§"+L{.P[L+
eyl ¥ L+ L+ 1+ L]+e, [Py —(a=bT =Ry (4, =)+ e Rt =)+ e, R(t, = )] eyl + L+ 1+ 1+ L]+elt =(a=bS)T =Ry, (t, = )] +e,R(t, = 1) +egfd Rt = 1)]
[=Ad-¢"] }-G—C,)-(I—gu)S,)} +wl, <0 [1=Ad=¢™)]) }‘G-Ci,-(l-w]SJ,}h’l: <0
oL
T:A{G(J BS)(1- ) - 7{? P H L+ L+ L]+ HL+ 1]+ Col Py = (a=b$) T 9L =A{Sa-b$)01- - {9 Py H L4 L4 1]+ H I+ L]+ C [Pt - (a-bS)T-
Ry (1, = )]+ CuR(L, = 1) + Cop R(L, :,)+ | o -él[c\. teg tePlLt R_U(L‘!‘)HCRR(L'I‘HQJ..'R(L‘I‘HEJIH& T -é{[q+e;+cf.P:]+
74 ) s RUJUT""” AL ) A i e A
eulht L L1+ L) e [PL—(a=bS)T=Ru (4 - 1))+ e Rt — ) el Rt - 1)) e [l + L+ L4101+ L]+e [P —(a=bS)T- Ry (1, =)+ e Rt =)+ e R(t, = 1))
[1-A0-¢")]] }-G-C,-(1-p)} <0 1-Ad-¢")]] }-G-C, - (1-p)s,} <0
a?:{' ;\{Sm bS) (1= ) == {S + S A CPLH[L+ L+ L+ H[L+ ]+ PL=(a=-bS)T- fa'\{S(r bS)(1- ) -= {S,,+SH+CI,P!‘+HI,[IV+I:+i“\+H~|ll+LJ+C“|Pl‘—[a-bS)T—
(i R
P A, - . AT
U (1, = )]+ CoR(E =)+ Colt, Rty ;,:+ Y ci e e P+ Ry (L, =]+ Rit, =)+ Copt, R(1, m+w In M Tl 7 [e"+eix+q,P1,+
el +L+1+1, +I;]+L',|Pl"(.i'bS)T‘R,U, L=+ e R =) +egp, Rz, - 1) eyl + 1+ L+ 1+ L]+ [Py =(a=bS)T= Ry (1, = 1)]+e Rt =) +egp Rt =1)]
[1-Ad=¢")]] }-G-C,-(1-p)5,} <0 =M= 0] }-G-C,-(1-p)s)} <0

s

l
—=A,{5m—hsm—uj—?{s,.+sR+CPP:,+H,.|i,+.':+I,1+HK|.L+I;]+C,,|P!‘ (a=bS)T- ;L A{S{a-bS)(l-p)-]—T[S,,+SR+CPPII+[I|+f:+I‘I+HR|.’:+J';I+CDIPI‘I'l.‘l‘bS}T'
H,

w 5
(L = )]+ CuR(t, -f,;+y.R(r:-r,1+—1,;[ﬂ’T] -}“e,' teg te, Pt Ry, (1, = 1))+ CRi, -I‘J+C\p,mr:-f.)+$.'n|%H -gl [e\=,+e,\( te,Pi+
e lL+ L1+ 1+ L) +e [Py —(a=bS)T-Ry (6, =)+ e Rit,~ ) +e.p, Rit, = 1)) eyl + L+ 141+ L] +e [Py -(a-bS)T- Ry (4, - )]+ e Rit, - )+ el Rit, - )]
[1=A(l=¢" )|]}— -C,-(1-p)5,} <0 [1-Ad “}]]} -G (1-@)S,}+(1-9)A, 50
oL _ |
aT,H-ﬂ\{Sw'bSJ(l'm‘;{S»+SR+QP3.+H»H.+!:+!.=I+If<+-'_al+(".;lP!: (a=bS)T- (;L {Sta-bs)i1-p)- 7[5 $ S 4 CPU+HL 41+ L] HJIL+ L]+ Cy[ Pt - (a-bS)T-
RU (=11 CoR(E, 1)+ Copt Rit, 1)+ 1o | 7 -E[ P @ (1)) 8
At pfUl ~ )+ Gl RIE =4 [’-’s, e, Tl Ry (6, = 1))+ C R, — 1)+ Cop Rt - 1)+ — In| = ——{[c\+c\ te Lt
[} T 2 2 ] it 7 Tt
eyllyH L+ LA T+ LT+ e [Py =(a=bSIT= Ry (4 = )]+ e, Rt~ )+ e RiL )] eyl + L+ 141+ L)+ e[ Py (a=bS)T- Ry, (L, = )]+ e Rt = 1)+ eg, R(t, = 1)]
(1-M1=¢*)]] }-G-C,-(1-p)s,} <0 1-Aa-e"1] }-6-c,-01-p)s}20
oL
=yR-P-(1-@)H, 20
a/\
oL
—=Sw-T-(1-w)e, 20
A,

and W(-AS, —~A,H,~Ae,)=0
/LS{(;:—b}(l—p)—lT{S”sRa-CPP;‘+H,.|."+rj+f‘|+HR[J4+15|+(‘D|P:I—(.-;—h)T—

]
Ry (.~ 1))+ CR(t, =)+ C,, R, —r}+'JJ f[[c"‘+eh+e{,P{|+

M.
u

eul L+ L+ 1+ 1% L1+ ey P~ (a= BT = RU, (1, = )1+ R ~ 1)+ gt Rit, = )]
[1-A-")] } - 6-C, ~(1-p)S} + 1k, =0

AP{S(a-bS)(1 —u)—lT{s,A + 8,4 CPLHH L+ L+ L)+ HL+ 1]+ Co[ Py - (a-bS)T-

Ry (6, = 1))+ CuR(t, = 1) + Cy R(t, f.',)+:—jln

6
%y T] - '._r[ [“'sf te te Pt

e L+ L+ L1+ 11+ eyl (a=BS)T RUL(, = 1)1+ (L, = 1)+ et R, = 1)]
(1-Ad-¢ )] }=G-C, = (1-p)§,} +4, =0
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A‘s,,[sm—bsm—p)flr{s,,w,ﬂ‘ +H[L+ L+ L)+ HJL+ L]+ C,[Pt - (a-bS)T-

w, [, 8
Ry (4, = )]+ CR(1, — 1)+ Copt, R(t, -:,)+aln[?] T] -?{ [c‘w +e te, Pyt

e L+ L+ L+ +1]+e,[P—=(a=bS)T= Ry (1, = )] +e Rt —t)+el Rit, —1)]
(1-A0-¢)1] }-G-C, - (1-p)} =0

AS A Sa-bS)1-) -lT{s,J +C P+ H[L+ L+ L]+ H[L+ L)+ C[ Pt —(a=bS)T-

RuJ(z:f:,]|+CRRu:f:,]+(‘_,.uJRu:f:,)+5}.'n[ﬂyr *é{[:’_,.’.+c'_,.”+:‘pP{,+
oy T

el # L+ 1+ 1+ L]+ e, [ Pt = (a=bS)T= Ry, (t, = )]+ e R, = 1)+ eyt R, =1)]
[1-A01=¢"] } G-, - (1-p)$,} =0

AC,{Sta=bS)(1 —,u;—%_{.S‘P+SR+C,.Pr, FHL+ L+ L)+ HJL+L]#[Py—(a=bS)T—

R,‘Jf(r:-(‘JHCRRHI'l:J+C¢_(-'JR(l:'i‘|!+;—Ufn

h 6
‘%] T] —?{ [e& te e Pt
el + L+ L+ +L]+e [Py —(a=bS)T= Ry (t, —t)]+e,Rit, — 1) +ep Rt —1)]
(-A0-")]] }-6-¢,-0-pis)} =0

|
A\CR[S("*_M)”'p)'}{SP+SR+CrP"| FH UL+ L]+ HL L+ Gl Py - (2= b8)T - A.(.'!{Stu-hS)f]‘#J'l{sﬂ‘sﬂ‘(‘pf’n‘, HH L AL+ L H L+ L]+ C [Py = (a=bS)T-

T
- - RPN A P I w (#),]_ 6

Ru (6, = )]+ Rit, =)+ Cop Rty fﬂ*af"[;]Tl }“"i.*%*fﬂ”ﬁ Rﬂ,ﬂ;-a)HQR{:;-1‘)+H,Ru;-r.1+a-'n[7]T|-?{[e,,,+eh+e,1f’t.+

el + L+ L+L+ L +e [Py —(a-bS)T- Ry (t, =) +e Rt —t)+ep Rt —1)] eyl + L+ L1+ L] +e | Pt —(a-bS)T- Ry (t, —t)]+e,Rit, —t)+e Rit, —t)]

|1-).(1—L-”‘?1]}}-G—C,,—:J—(p)sp}ﬂl |1—Au—s"’*)|]]—G—C,,—u—w]s,.kn

A‘H,‘{S(u—bS)(l—pl—%{S,&SHCI,P:, +[1 1+ L]+ H I+ L]+ C [Py ~(a=bS)T-

Ry (t, - 1)+ C,R(t, —1) + Cyp R(1, —:,y+t—"l.’u
) ) ) v

[
%]T] —?{ [Ca, teg e Pt

eyld + L+ L+ L+ L]+ e [ PL=(a=bS)T= Ry (1, = 1))+ e R(t, 1)+ eglt R(L, = 1))]
[1-AI-e1] }-G-(.“,J'(I-l,l,';S,,]ﬁ-rl—gu)/\j =0

1
A‘HR{S(y—bS}(l—p;—%_{SF+SR+CFP:I+Hw[.l‘+[2+I‘]+“4+.'5]+(“”{P|‘ -(a-bS§)T- )‘1[5(:!-bSJ(l-p)-?{S,JSR+CFPr,+H,,|."+I:+IA|+HRI.'1+L|+C,,\Pr,-(;!-bSJT_
RY (0, = )]+ CR( =)+ Cop R =)+ 2 o &]Tl ‘é{[f\ teg e Pyt RN,“_-‘f.}lWxR“:‘f.”CJ-'.R“;‘WE’”[&H‘é{[ti\.+¢N*prf.+
p Lw T polelfT
el L+ L+ 1+ L]+ e,[PL=(a=bS)T= R (1, = ()] + e Rt =) +eg, R(L = 4)] el L+ L+ L4 L+ L]+ e [ P=(a-bS)T= R it, — )]+ e Rt~ 1)+ et Rt~ )]
[1-A0-¢ )] }=G-C, - (1-y)$,} =0 1=-A1=¢™)] } -GG, - (1-)8,) =0

A{pR-P-(1-p)H,} =0
A Sw-T-(1-w)e,} =0
C; :S'(u-hs“y[l-u:-%{ Sy S, +CP L H, L+ L+ LA H L+ L]4C [P -(a-b8)T-

R (6, -]+ G, R, )+ o R, - )+ 2]
vl

T] -gl [ teg +e P+

el tL L1 L]e Pt —(a=b5)T- Ry (L =) +eRit, ~t)+el Rt =¢)]
1=A1=¢")]] |-G

6.2 Considering preservation investment &>0 and without considering carbon reduction investment

The proposed inventory model is,

J'lfi.r'nﬂf‘l=5(.1—b5)[1-[.'}-%{sp+SR+C£.F!‘+Hp[.']+I;+l_;J+HRUL+I_,,J+C[,[Pr‘-l;r-bS}T- st pi{g P
W [l & ~
R =01 GR =)+ C R+ i o T —}[[e‘.l be, +o P+ SAST
e I+ L+ L+T+ L]+ [Pl = (a=bSIT=Ru, (1, = 1)]+ e,Rit, =4 )+ e, s Rt ~1)]} € VS, P>0
which reduces to the following equation
Maxa

(G=

0)
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st S(a=-bS)(1- ) —lT{SP + S, +CoPy+H L+ 1L+ L+ H[I + [+ C)[ P, —(a—bS)T—

Ry (t, = )]+ CR(t, = 1) + Cyp R(t, —z)+—1n
W

Y 5
;] } 5_{ [e)“ teg + e, Pt +

e 1+ 1+ L+ 1+ [+ e [Pt —(a=bS)T = RU,(t, —t)]+e,R(t, =
ESC+(1-y)s,

HRSP+(1-p)H,

SWST+(1=Y)e,

YS.P>0 & weE[O]

The corresponding Lagrangian function is,
L((p,S,P.S,,.SN,CD.CK,CS.HI,,HR,A],/\Z./\J):(p-A]{S(:z-bS)(l-,u)—

0+ el Rt =1) 1} =

lT{ S,+8,+C,Py +

Hy[L 41+ L1+ B+ 114 Gy Py = (a - bS)T - Ry, (6, - )]+ CR(t, - 1)

Y ﬂ]T

v olw
Rt =)+ et Rt =)} =€-C, = (1-9)S,} - A{ = P-(1-w)H,} -
A{Sw-T-(1-g)e,}

From the Kuhn-Tucker necessary condition

oL oL oL oL oL oL oL

+Co R~ 1)+

_g{ [05» teg t et tey [l H L+ L+ 1+ L]+ [P = (a-bS)T- R (6~ )]+

—=0—=0:—=0—=0:— =0 — = 0:— =0
dw as ap @S, oS, aC, dcC,
OL . 0L . 0L 0L o0 0L,
aC,  oH, oH, oA oA, oA

oL
% =1_A1SP_A2HP_)"3€P =0

%=.‘»_{(fi-bl(l-p:-%[SﬁSﬂ-CPPr,+H,,II,+-']+I_“|+HRIIJ+.’_‘|+C‘D|P.‘| -(a-bT- %=A,[S(’n*bSJ(l*pJ*I—T[SF+SR+CPPl‘+HJ,|."+1:+M+HK|IJ+L]+Q]|PJIf(abe)Tf

Ry (6, =)+ CR(e, — ) + Copr Rat, _{|)+E""
yp

[
%y T] -?{ [e.i;. te el

e+ L+ L+1,+L]+e [Py —(a=B)T- Ry (1, )]+ e, Rt 1) +elt, Rt - 1)} -

E-C,-(1-9)8,} +wh, <0

:le,\‘{sm—bsm-m-lr{sgwpm,+HP|1,+1;+1;]+Hﬂul+;_;]+cﬂ|m,-
.

Ru(t, =)+ C R, 1)+ CL R, -:}+—m[ H {[e te e Pt
epll 41+ L+ 1,4 L]+ e | Pt = (a=bS)T= Ry, (t, - 1)+ e,R(t, - )+ el R, = 1) ]} -
E-C,-(1-9)8,} <0

oL

D

RUL (6 = i)]+ Rt = 1)+ Co R(t, = 1) +— “p
v

":"] ] *rér[ [ *es tenPrt

L+ L+ 1+ L+ +e P -(a-bS)T-Ru (1, - 1)+ &Rt 1) +e R, - 1)1} -

£-C,-(1-p)S,} <0

=\ {Sta-b8$)1-p)-

AT
Ry, (1, = 1)1+ CuR(t, = 1)+ 1 R(t, -”+w Iu[ ] ’-?llu_§ﬁ+{',_!+c,,}’il+
e L+ L+ L+ 1+ 1]+ e [Py -(a-bS)T- Ry, (t, - 1))+ e,Rit, ~ 1) + et Rit, ~1)]} -
£-C,-(1-p)8,} <0
oL _
oH,
Ru, (= )1+ CR(, = 1)+ Ct R = 1)+ .’n[ﬂ”y ] [e +es +erlr+
c,,[f,+I:+.'_.+I4+.'_,,|+sD|PrL-m-bSlT-Ry,(!:—r,chﬁRu:-1l1+ccp,R{::-l‘)|]-
E-C=(1-9)8,} <0
oL
c'M
oL
6A
and w-AS, ~AH,~Ae,)=0

=pR-P-(1-@)H, 20

=Sw-T-(1-w)e, 20

oL _
(a=bS)T- —=A{Sta-bS)(1-p)-
a5 M !

=A{Sa-bS)(1-p)-= {s + S, 4C PR H L+ L+ L)+ H (L +1]+[ Pt - (n-bS)T—d

| .
Tr{sp+sﬂ+q,1°r,+.L;rpu_+.':+1;|+HR[1_‘+:_‘,]+c,>|m,-m—ﬁ.m"- a—-A[Su bS)(1- )~

Ru(t, - t)]1+ CRit, - 1)+ Colf Rit, - r)+—.'n
v

‘:j‘ ] I —%l [ *eg +ePr+

gl + L+ L L+ L4 eglt ~(a=BS)T- RU (1, - )]+ e,R(t, ~ 1)+ egpl Rt - 1)1} -

E-C,-(1-p)S;}+4, <0

Licor
T{sp +C,Py+H L+ 1+ L]+ H L+ L]+, Pt~ (2= bST-

Ru 6,41+ C,R(L, ~4)+Cypt RI, —r,1+5’!n[ﬂlrl —%{ [eg +e, te P+
) ) ) p (v

eyl + L+ L+ 1+ L]+ e[ P= (2= bS)T = Rt (4~ )]+ e Rl ~ ) +egll, R, _'\H}_
E-C-(1-9)8,} <0

=A{Sa-bS)1-p)- {9+9 FCPUHH L+ + L]+ H L+ L]+C,[ Py~ (2-bS)T-

i,; ] ] 7?{ [f\” te te Pt

eyl + L+ L+ 1+ L) +e [ Pr-(a-bS)T- Ry (t,-
£-C,-(1-9)8,} <0

Rit, (4= )]+ Rit, = 1)+ Coli R(t, = 1)) +— Y
v

1)1+ eR(L =)+ et R, - 1)1} -

{S + S, 4 CPLH L+ L+ ]+ H [+ 1]+ C [Py = (a=bS)T-

Ry (6, = t)1+ CoR(t, =) + Cop Rit, —r,}+$.’n %] Tl —%{ [e‘; teg tePr+

el + L+ 1+ 1+ 1 ]+e [Py -(a=-bS)T-Ry (i,
E-Co-(1-g)S,}+(1-9)h, <0

I+ e R =)+ e R = 1)1} =

{Sta-bS)(1-p) 7{§+§+CPJ+H[I+I+H+|I+.’|+C,[Pr (a-bS)T- ——{9(& bS)(1- ) 7{9 + S, P+ HL+ 1+ L]+ HJL+ 1]+ C,[ Pt~ (a-bS)T-

Ry, (1, =)+ CoR(L =)+ Copf, Rit, *f,)+qj.’n[p”

] }{ [t's_” te, te Pt

el I+ L+ L+ L+ L]+ e [Pt~ (a=bS)T= Ry, (t, =,
£-C,-(1-¢)8,} 20

M+ e R 1)+ e Rt~ 1))} -
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AS{(a=0)1- =8, + S, CPLHH L+ L L1 HUL* L1+ G Py ~(a=bT -

R (1, = )1+ CoRU, =)+ C R = 1)+ 2l
Y

6
%y TI *}{ [eg.‘" te te, Pt

eyl # L4 L+ 1+ 1) +e [Py —(a= BT = Ru (t, - t)] + e R(t, = 1)+ egpr, Rit, 1))} -
E-Co(1-)S,} +wh, =0

1
AP[Scu—bsm—m—]1,{5,.+5R+G.Pr, FHL+ L4 L)+ H L+ L)+ G Py~ (a- b T- AS{S@ =000 ={8,+ Py + Hl + 1+ L1+ 1+ L1+ G Py = (a=bS)T=

w, (M, 6 _ - _ - _ W [ H TP
R,urf.f:-l|J|+CNR(r:-r|)+C\.p,Rl!3-!‘l+aln[?]T]-}[[c\.’_+uﬁ_+q‘Pr‘+ Ry (6, = )]+ CuR(G — 1) + Copt, Rty I‘Hl;m[j T ?{[L\whuh,.nﬁ
euld + L4 L+ 1+ L1+ Lt = (a=bS)T = R, (1, = )]+ e, R(t, = ) + eobt, Rt = 1)1} - eyl + 1+ L+ I+ L+ e [Pt = (a = bS)T = Ri, (L, = )]+ e, R(t, = 1)+ egft, R, = )]} =
E-C,-(1-¢)S} +A, =0 §-C,-(1-y} =0

I i 1
AS{Sta-b$)01 -p)-?(s,,w,,.vf, +H L 4L+ 1)+ H L+ L]+ C[ P~ (a=-bS)T— A‘C},{S[a-bSJ(l—p)-;_{S,,+SR+CFPr] FH LA L+ L]+ HL 4 L]+ Py~ (a—bS)T-

w, [ H 6 w (p 6
R""'”:_"”+G‘R”-‘_[‘“'C‘pr“I"I“J"”l‘ﬂr}'}[[l‘s,_”\x“‘rﬁl* Rf-'r(‘:'ﬁ”"C«RU:'fJ*Csi-’,R“z'ﬁ”at’"[;]TJ'}[[%_*”sﬁ%-”ﬁ*
CHHJ+1:+"=+f4+1<]+'~'nlpf\_(‘7_bS)T_RIUr“:-r|”+‘7kR“:-r|)+";“,R“:_"|”}_ L‘HI',\+I:+I.‘*I-l+ISI+CD[P(I-(i'_bS]T_Ryr[!l-rI)I+L‘RR“_‘_!L)+c\yrR({:_[L)|}-
£-C,-(1-¢)8,} =0 £-C,-(1-p)S,} =0

1
A,C~{S(a—h.?)(l—y)—?{$,,+S~+(‘,,Pt,+H,,[I‘+f]+L]+ HIL,+ L]+ C, [Py, —-(a-bS)T- ).]C‘{s(a—bsm—p)—lr{sp+.9~+c‘,,.l>r,+HJ,|II+.II+L|+ HI+ L)+ C,[Py~(a-bS)T-
[ 6 w [, &
Rﬂr“:-fw)“'R“_-_[|)+C\er{'1_’11{';!"[;]T] -i'[ [:‘-&J +es;(+fPP'1+ Rl‘-'r“_'7I|]|+CRR('E:7!1)+MR”:7"|)+VTI"[% T’ 7?[["‘.\'. +ﬂ.\',¢+evplt+
L‘HU'+I:+n';+f,+.';|+L'J.,[P|'|‘(E}‘bs)T'Rl‘J‘l:‘_.‘1‘)|+L’RR(11‘hl"‘ﬁ,‘.{,R(’:‘_.‘lﬂI}' eHU,+Il+f_,+.'_{+Iq|+e,,|P1]—[a—hS)T—RpJu:—r,:|+eRR(1:—1‘)+e_\.prkuz—rl)|}—
E-C,-(1-g)5,} =0 E-C,-(1-p)5,} =0

1
AH,{ Sa-bS)(1 —,u)—lT{s,, + S, +Co P+ + L+ L)+ H L+ L]+ C [Pt~ (a-bS)T- ".H~{S(a*bS)(lfﬁ)*?{-ﬂ,’fsﬂf,u"f. HH UL+ LU+ L]+ CLPL = (a=bS)T=

w [ H, 5 _ _ e ()] 6
R,uj(r]—[L)]+(“RR(:1—rl)+("yerr]-g‘)+a{n %H'F{[“»-”‘h”’*”'* Ry, (6, = )]+ CuR(t, = 1)+ Cp Rt !‘HEM[IT }{[C.f,.”xk*ﬂpf’ﬁ*
c““']+.'l+l..+.'4+.L]+Cp[Pl‘—(.'r—hS)T—R,U,EI:—1‘)]+CKR(13—n‘,)+L’,,U,R(|‘;‘f,)]]‘ "'ﬁ”l+1:+"=+14+1<|+cu{'p"|'("'_bSJT'RM”:_’|)|+"’RR”:_H)+‘-{;.U,RU§_“l)‘}_
E-C,=(1=p)S,}+(1-p)A, =0 E-C,-(1-9)S,} =0

A,{S{a—bS)(l—,u)—]lF[.S‘y + 8, + C,PL+ H [+ L+ L]+ H [+ L]+ C,[ Pt~ (a-bS)T-

Ry (t, =)+ C R, — 1)+ Cyp R(t, —r,)+;—uln '[:'_‘

+_6
f] —?{ [e, *eg, *epPrt

eul 4 I+ I+ I+ L1+ e, [P = (a= ST Ry, (t, ~ )]+ e Rt 1) + et R(t, =) 1} -
£-C,-(1-p1s)=0 M{pR-P-(1-9)H,} =0
M Sw-T-(1-g) e} =0
R}’=S(u—b.5“](l—u}—%{ S, 4S8 HC P HH, (AL L)+ H U+ L]+ C [P - (a=bS)T -

Ry (6, =)+ C, R, —1)+C, p R, —y]+$.’::[%li"| —;{ e +e, te 1+

el +L+1L+1 +1L)+e [Pt —(a=bS)T- Ry (L, -1)]+e Rt - 1) +ep Rt -:,H} -£

. . . . . . > . . >

6.3 Taking into consideration both the preservation investment >0 and carbon reduction investment G>0
The proposed inventory model is,

MinTC, = S(a=bS)(1- ) -%{s,. +S HCPY L+ L+ L)+ H L+ L) +C,[ P~ (a=bS)T-

Ry, (t, - )]+ CR(t, - 1)+ Copt Rt -Ingml%H -;{ [eg te te Pyt s.t :UR <p
eI+ L+ 1+ + 1+ [Pt =(a=bS)T=RU (L =)+ e R, = 1) +e R, = 1) SAST
(1-Ad-¢=)] }-G-¢ VS, P>0
which reduces to the following equation
Max a
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st S(a-bS)(1- p;—l{s + S+ P HL L+ L]+ H L+ L]+ C,[Pr (2= bS)T-

Ry (6= 0)+ R =) + Coll R(L - () +— Iﬂ[ by ’ ] §{ [e.s., teg te Pt
v K ‘

eylh L+ L+ 1+ L1+ e, P - (a=bS)T= Ry, (1, = )]+ ¢ R(E, = 1)+ egft R, = 1]
(=M= )] }-G-€<C,+1-p)s,
HREP+(1-p)H,
SwT+(1-w)e,
VS.P>0 & weE[O.1]
The corresponding Lagrangian function is,
LW, S,P,S;, S Cp o Cys Hy Hy A AL ) =9 = A { S(a=S) (1= 1) - {s +8,+C,Py+

H[I+L+ L]+ HJI + L]+ C [Py —(a=bS)T= Ry (t, - J)J+CRR(3 1)+ Cep R(t, = 1)+

i"ln[ﬂ] T"g[[% te, te,Prte [l + L+ L+1+L]te P~ (a-bS)T- Ry (t, 1)+
L o ' ’

From the Kuhn — Tucker necessary condition,

aL

@q AS,~AH,-Ae, 20

{s + 8, 4GPy + Hy[L+1,+ L)+ H| I+ L)+ C,| Pt~ (a=bS)T-

Rt =) et R = )] 1= M=) | | = G-€ -G, ~(1-p) 5.} =M {ur, = P=(1-p) 1)} -
A{Sw-T-(1-p)e,}
1=();@=n;%=0:i=u;i=(); A _ oL =n;i=0,
a 'és ep  8s, '8s, ac, ac, aC,
A _p, oL =0;i= ) oL =u;a—L=u
oH, aH, a\, e\, oA,
—-).{u by(l-p) - (s FS 4GP+ H L+ + L]+ H L+ L]+ Col Py - m—m'r-% M Sta-b8)(1-p)-
Ry, (t, - .‘)|+CRrr—:;+('pR(r—r)+71n B é{[L +e, +e,Pr+
r " I L5 T 5 T

eyl L+ L+ 1+ L+ L+ [P = (a=BIT= Ru (6, = )]+ e R(t, = )+ e Rt = 1)

[1=Ai-e")1] }-G—E—C;‘-(l-wasp}HJLS(!

6—-/\{5(;1 bS)(1- ) - {s +C, P+ H L+ 1+ L]+ H[ 1+ 1]+ Cl Pt -
S,

6
Ru(t, - )]+ C,R(t, ~1)+ Cop, R (1—;>+wln[‘:] l ?{[%m‘;cﬁm

eyl + L+ L+1+]+e [Py —(a=bS)T-Ru (1, ¢

1=A1=¢")]] }-G-€-C,~(1-)S} <0
;CL A Sta-b8)(1- u)——{s £, CPL+H UL+ L+ L1+ H( + L] +[Pt ~(a = bS)T~ =
D
Ry, (t, = )]+ CoR(t, = 1)) + Cypy R(t, = l)+71n 7}’] g{[esp+¢gk+eppzl+

e L +L+L+1+ L]+ P~ (a -bS)T—R/J,(Q
1=M=¢ "] }-G-€- G- (1-p)8,) <

=]+ e R, 1) tegl R, = 1))

;—CL=4{S(a—b3)(1—p)—%{sy+sﬁ+CPP4+Hr[1,+11+1J1+HR[14+1;1+CD[P[, a-bS)T-
s
Ry (6, = )1+ CoR(L, = )+ R(, = 1) +— In[ﬂ“' é{[¢g+es+equ+
w u T P R
eyl + L+ L4 1+ L)+ e, [P —(a-bS)T - Ry (t, - )1+ e, R(t, = 1) +eg Rt~ 1)]
[J—A(l—e"“”)]]}—G—f—cp—u-(p)sp}so
%—A{Su bS)(1-p) - — {s + S+ C Py H L+ 1+ L1+[1,+ L]+ [Py~ (a=bS)T-
Rf-';“:"\'“'f}R“g"’.HC\MR“:'i’.)*'g-'ﬂl&]'r] —él[c\_}e‘ +e,Pi+
g lu) ] ot
el + 1+ L+ 1+ L+ e [Py —(a=bS)T= Ry, (= )]+ e, R(t, 1)+ e, Rt 1)
[1-Ad-¢ 0] }-G-€-C,-(1-y)s,) <0
oL
=pyR-P-(1-@)H, 20
oA, r
oL
=Sw-T-(1-@)e, 20
oA, "

and P=AS, ~AH, = Ae,) =0

(a- bS)T——-/\{S(a bS)(1- ) -

D1t R =) gt R(L 1)

Ry, (&, = 1)1+ CoR(t, - 1) + Copd Rit, -l‘)+£—u.’n
13

LR

el + L+ L+ 1+ L] +e [t —(a-bS)T- Ry (t, - 1)+ e, Rt —t)
(1-Ad-e™]] }'G'f'CP'||'$]5;,}+)|:S(]

+egl Rit, = 1))

{S +C,Py+H L+ L+ L]+ HJ[L+L]+Cy[ Pt~ (a=bS)T-

R (6, 1)+ CoR(t, - £)+ Cop Rt~ 1)+ Zn
Y

7 6
j‘] T] —?[ [eﬁ teg e, Pyt
el + L+ L+1+1|+e[Py—(a-bS)T-Ru (-t

[1-AU=¢")1] } =66 -C, = (1-)8,} <0

Mt R =) tegh R(L = 1)

oL = A{Sa-bs)1- u)——{s + 8,4 C,PL+H+ 1+ L]+ HL + 1]+ C,[ Pt ~(a=bS)T-

“R

Rp,(r;-:,}]+R(r1-r,)+C;y,R(rl-r_)+5’1n
v

U, 5
?J T] -}{ [e_v; te tePrt
el + L+ L+ 14 L]+e | P —=(a=bS)T= R (1, = 1)]+ e, R(t, =) +egp R(t, = 1)]
[1-Al=¢")]] }-G-€-C, - (1-p)s)} <0
a—-/\{S‘u bS)(1 JJ)*%_{S,.+S#+C,,P!_+I."+I3+I;]+H~[f,+|'J+C;[P!f(.‘i*b5}T*
w ()] &
R‘UJ[!;!JJHCRRH:*l‘)+C\,UIR(:‘3*t,:+ain[I]J]*}{[c,‘+L‘\+L',.P(,+
eyl + LA L+ I+ 1] te, [Py —(a=bS)T= Ry (1, = t)|+e, R, — 1) +el R(t, =1 )]
II-A[l-c""‘)]]]-G-E-C‘,‘-(l-w]!ﬂ,]+(I-I,UMLS()
L={5(u—bS){l-p)—lT{S,,+SR+C‘J.P.‘,+H‘.\."+I:+.'._J+H,,\.'4+I\|+C‘!,|Pr,—(u—bS)T—

h) -8
Ry (t, = 1)1+ CoR(t, — 1)+ Cop R(t, ) +w1n[”] }[[q‘_ﬁ+u,#+c}JP1‘+

eull 4L+ L+ 1+ 114 e[ PL — (- bS)T- Ry,

1-A0-¢)]] }-G-€-C, - (1-g)s)} 20

=]+ e R = () +eg Rt - 6)]
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A,S{{:l-b);l—p)-TI”{S,.+5R+C'FPq +H L+ 1+ 1)+ H[ L+ L]+ Cy[ Pt —(a= )T~ A,P{sm—hsm—pn—lT{s,.+sk+C,.P:] +H L+ L+ L)+ HL+ 1)+ C [Pt~ (a=bS)T-

w p 6 . w, ()] ¢
Ry (t, = 1)]+ C.R(t, =) + Cop R(1, ﬂ'”@“lﬂ T —:—r[ [c;‘_ teg e Prt Ry (t, = )]+ C.R(L, =)+ Cop R(t, -{'HU_JM[%IT’ -?{ [v!_” +eg te Pt
e+ L+ L +1 +L]+e[Pr—(a-bT-Ru(t, —1)]+e Rt —1)+ep Rt,—1)] e+ L+ 1L+ 1+ L)+e[t —(a=bS)T- Ry (t,— 1))+ e R(t, — 1) +egp, Rt, - 1)]
[1=Ad=e")]] }-G-f—f‘,l-u—szp}+m, =0 [1-Ad-¢")]] }*G*{*(‘,rrl*tpls,)}ﬁ‘: =0
A,S,,{S;u—h.ﬁ')(l—,‘.r!—%{S‘R+(’,,Pf,+H,,|I,+I:+IA|+HKH‘+L\+(“”[P1,—(;J—bS)T— ).‘Sk{S(uth)(lfp)flT{S,&C[,P!‘ +H L+ 1+ 1+ Hl L+ 1]+ C Pt~ (a=bS)T -

W 6 w, 6
R, = )]+ C,Rit, = 1)+ Copt R, —r,;+a.'ulgl T] —?[ [es +ey +e,PL+ R =1+ R =4+ G R =)+ .'nlﬂ T] —]7{ [e +e, +e, P+
eyl L+ L+ 1L+ + 1 ]+e [Py —(a=-bS)T- Ry (t, = )]+ e Rt — )+ el Rt = 1,)] el + L+ L+ + 1 +e [ PL—(a-bS)T= Ry (1, = )]+ e Rt =) +egp Rit, — 1))
1-Ad-¢™)]] }-G-€-C,~(1-9)s)} =0 [1-A0-6")]] }=G-€-C,~(1-g)$,} =0

e
A|Cn{‘5‘(i!*hs)“’l'—”’,‘.l.[sﬂ'SN"'CPP'\"'Hw”|+":+f:]+Hn-|f.;+f-\|+|P!"ld*hs)T*A\CR[S("‘-!]S”I-H]_?{SP+SR+CPP"I+HP|II+I:+I=|+HR[L+I<|+Cn|‘p'\_[‘i_bS]T_
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7 Numerical Example
7.1 Crisp Model

7.1.1 In the absence of preservation technology investment =0 and in the presence of carbon reduction
investment(G> 0

T =g unititime; 2 = 7 unit/time; 1 = 2.647 unit/time:; P = 100 unit: R =30 unit; >* = $300; % = $100; ©* = $30;

o =g05; Ck =35, O =g4; Mo =91, He =505, =03, ¥ =002 ¥ =02, ¥ =2; W=200; S =$5/kg; “*

= 100 kg/setup; % = 50 kg/setup: € =5 kg/unit; ® =20 kg/unit; ¥ =1 kg/unit; s =10 kglunit, v =

3kgfunit; A =0.1; 6 =5, M =0.2; a =100; b =0.2; G =20.

The total cost TG Rs.1086317.82

7.1.2  Considering preservation investment &>0 and without considering carbon reduction investment

(G=0)
T =g unit/time; 2 = 7 unit/time; 4 = 3.280 unit/time; P = 100 unit; R =30 unit; S = $300; 5% = $100; ¥ = $30;
Co =905, Cr=g5; Cs =ga; Mo =g1; He=g05; P =03, ¥ =002, Hr =02, ¥ =2; W = 200; S = $5/kg;
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C = $5 kglunit; “* = 100 kg/setup: “* = 50 kg/setup: S = 20 kg/unit; © = 1 kg/unit: € =10 kg/unit; °» =3
kg/unit: A =0.1; & =5: m=02; @ =100; b =0.2; ¢ = 1700
The total cost ¢ = Rs.1997809.97

7.1.3  Taking into consideration both the preservation investment &>0 and carbon reduction investment

(G>0)
T =g unititime; “ = 7 unit/time; % = 3.206 unit/time; P = 100 unit: R = 30 unit; 7 = $300; ¢ = $100; * = $30;
Co =05, Cr=g5; C5 =g4: Hr =91 He =905, o =03; M =0.02; #r =02, ¥ =2 W =200; S = $5/kg:
© = $5 kglunit; “* = 100 kg/setup; ** = 50 kg/setup; & = 20 kg/unit; 7 = 1 kg/unit; € =10 kg/unit; °» =3
kg/unit; A =0.1; 6 =5, m=0.2; a =100; b =0.2; G =20;¢ =1600

TC,

The total cost * 3 = Rs.1755724.56

7.2 Fuzzy Model

7.2.1  In the absence of preservation technology investment &=0 and in the presence of carbon reduction

investment (G>0)

Sk

T = g unititime: 2 = 7 unititime: 4 = 2.647 unit/time: P = 183.3333 unit: R = 30 unit: 7 = $508.3333;

$308.3333: Cr = $30; C» = $0.9167: Cr = $14.1667; Cs = $12.3333: H» = §1.9167: He = $1.3333; Ho = 0.3; ¥ =
002; P =02; ¥ =2 W =200 S =$13.3333/kg; “* = 100 kg/setup; “* = 50 kg/setup; 7 = 5 kglunit; & = 20
kg/unit; € = 1 kg/unit; & = 10 kg/unit; s =3 kg/unit; A =0.1; 0 =5; M =02; 2 = 100; b=02, G
=20

The total cost Lo Rs.876088.9611

7.2.2  Considering preservation investment &>0 and without considering carbon reduction investment
(G=0)

T = g unititime: = = 7 unititime: & = 3.280 unit/time: P = 86.6667 unit: R = 30 unit: > = $266.6667: S =

$66.6667; Cr = $30; Co = $0.4333: Ck =$35333; Cs5 = $2.6667; 11» = $0.8533; 1« = $0.3667; 0 =0.3: ¥ =0.02;
Hr=02; ¥ =2, W=200; S =$3.6667/kg: “* =100 kg/setup; ““* =50 kg/setup; =5 kg/unit; &k = 20 kg/unit; ¥

= 1 kg/unit; % = 10 kg/unit; > =3 kg/unit; A =0.1; 0 =5; M =0.2; 2 = 100; b =02 ¢ =1700

TC,

The total cost 1C> = Rs.1878968.091

7.2.3  Taking into consideration both the preservation investment >0 and carbon reduction investment
(G>0)

[

T =gunit/time: & = 7 unititime: 4 = 3.206 unit/time; P = 216.6667 unit: R = 30 unit: Sp = $591.6667; Sk

$391.6667; Cr = $30; € =$1.0833; Cr = $17.8333; Cs = $15.6667; 1T~ = $2.2833; Hr = $16667; Mo =0.3; ¥ =
0.02; Hr =02; ¥ =2, W =200; S =$16.6667/kg; < = $5 kg/unit; “* = 100 kg/setup: “* = 50 kg/setup: % = 20
kg/unit; €4 =1 kg/unit; © = 10 kg/unit; v =3 kg/unit; A=01;0 =5 m=02; 4 =100; b-02 G
=20; ¢ =1600

The total cost 1C> = Rs.1578341.598
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Conclusion

Environmental protection is the art of conserving natural resources and the existing natural environment and protection
from individuals, organizations and governments. Worldwide carbon emissions are constantly increasing with increasing
concerns to reduce carbon emission and protecting the environment. Many companies are looking to address these issues
caused mainly by the manufacturing process in a production inventory system. Likewise the deterioration of items is yet
another confrontation that causes emissions and poses high costs to companies. To formulate these issues, a carbon tax
policy and an obligatory investment in quality improvement is achieved through three distinct models to analyse the cases
with and without investment in preservation and green technologies. It is vivid that manufacturing, remanufacturing,
disposal, warehousing, setup and scrapping operations promote carbon emission. An optimal solution for all the above
cases can be attained by investing on the pertinent technology that can benefit the company. So, producers should resolve
to accure maximum revenue or promote sustainability. Also, preservation technology leads to an optimal value of the total
profit by investigating different technologies. An efficient analysis of deterioration in carbon emission to enhance total
profit can be outlined by employing Non-Linear programming technique.
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