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THE EFFECTS OF GREEN HOUSE GAS COSTS ON OPTIMAL PRICING AND
PRODUCTION LOTSIZE IN AN IMPERFECT PRODUCTION SYSTEM

SHIB SANKAR SANA*

Abstract. The present article deals with an imperfect production system considering costs for green-
house gas (GHG) to determine the optimal reserve selling price, sales teams’ efforts and production
lotsize. As per government guidelines, the manufacturer used to adopt green practices in supply chain
management to meet the customers’ satisfaction regarding fair prices and quality of the products. In
this connection, a mathematical model is formulated and analyzed considering various cost factors
and interval values of the key parameters. Finally, numerical illustrations are considered to justify the
proposed model.
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1. INTRODUCTION

It is common belief that all items produced by any mechanical systems are not perfect quality and con-
sequently a certain percent of the whole products is an imperfect quality products. Generally speaking, the
manufacturing industries are in front of severe competition for achievement of economical benefits. This compe-
tition is increasing day to day because many alternatives are available in global marketing systems. As a result,
manufacturing companies are compelled to introduce many innovative approaches to sustain their businesses
keeping in mind a brand image of quality and fair prices. In this manufacturing system, imperfect quality items
are reworked as new as original one in a parallel system or after the end of regular production. This approach
is implemented to reduce the production cost as well as reduce the utility of nonrenewal natural resources.

In 21st Century, the environment is being polluted by green house gases (GHG) due to enormous increase
of population and advancement of civilization. The GHG mainly includes carbon-di-oxide, carbon monoxide
methene sulphur oxides, etc. The emission of carbon-di-oxide is generated more in GHG from industries, trans-
portation and power plants. To save and keep healthy our environment, green technologies are used to reduce car-
bon emission. Consequently, more investments in technologies and marketing management system are required
to make sustainable business atmosphere. Several innovative approaches are applied on the consumers to be
a Grey Consumers who are ignorant about green value of the products on the environment. The perceptive
research on green products takes much time and deliberate effort of the consumers. As the prices of the green
product is comparatively higher than nongreen products because of its more investment in technology and
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packaging system which is not generally preferred by the consumers. In such cases, more awareness programimes
in green consuming and information on the environmental consequences of the products are needed to sustain
healthy business environment.

Quite often, more items displayed in a supermarket attracts the customers to buy more as there are more
options to choose the products. Besides stock level, price and quality of the product play important roles to
boost the sale. Considering these issues, imperfect quality products are reworked at a cost to make it as new
as original one and the selling price is determine based on the costs involved in the whole system and the
production lotsize. The objective of the present article is to obtain the optimal selling price and production
lotsize considering the costs of raw materials, costs for carbon emission in production and transportation system,
cost of disposal of waste products, labour and energy costs, tool/die costs, inventory cost while demand of the
products is dependent of stock level and selling price. Moreover, the selling price varies with present state of
price and level of the stock. In this model, all key parameters are considered as closed intervals and then the
average profit function is maximized to obtain optimum selling prices and production quantity.

Generally speaking, sales teams’ efforts/initiatives play an imperative role to introduce any green products in
a new market or a society. The sales teams’ efforts include many sales promotion methods like demonstrations,
exhibitions, eco-friendly brand awareness, boosting customer satisfaction, charitable promotion techniques, free
shipping and returns, free service within warranty period, referral discounts, branded gifts or bundles, cashback
promotion and many more. These sales promotions are the most affective methods to boosting the sales as well
as the customer satisfaction. As a result, there are no alternatives to capture a market of a green products
without sales promotion methods mentioned above. Although a significant fund is required to implement the
above efforts, the companies/firms would increase sales volumes that results in more profit by boosting customer
satisfaction and intensifying brand awareness of the green products. The pictorial representation of the proposed
model is given in Figure 1.

The rest of the is organized as follows: The Section 2 includes literature survey. The Section 3 provides
assumptions and notations of the proposed model. The Section 4 formulates the mathematical model and its
analysis. The Section 5 illustrates numerical examples and Section 6 provides managerial insights of the model.
Finally, conclusions have been drawn in Section 7.

2. BRIEF LITERATURE

In last decades, many academic researchers and industrial practitioners are deliberately searching alternative
advanced techniques to diminish GHG emission from manufacturing industries, power generating systems,
transportation systems and human activities due to rapid increase in population and human civilization. As a
result, the inspiring and preventing policies are taken by the government organizations to reduce GHG emission
and develop sustainability of the human civilization [36]. Ghosh et al. [10] suggested a dual-channel supply
chain model where the demand of the customers was carbon emission sensitive stochastic pattern based on
governments’ cap-and-trade guidelines and consumers’ low carbon preferences. Mishra et al. [23] proposed a
price-sensitive demand to obtain optimal strategies related to price setting, investment in green technologies
and preservation systems for inventory. Later, Sarkar et al. [35] suggested a production inventory model for
imperfect production system considering the impacts of carbon emission and quality of the products for fixed
life time products. Han et al. [11] determined the optimal degree of carbon emission reduction and selling price
considering carbon taxes imposed by the government. In this direction, a large number of research work have
been done. Among those, the works done by Marchenko [19], Tseng and Hung [42], Sarkar et al. [34], Yang et al.
[45], Bai et al. [3], Daryanto et al. [8], Sinha and Modak [38], Manna et al. [18], Mandal and Pal [17], Marquez
et al. [20], Mishra et al. [24], Radovanovic et al. [30] and Vandana et al. [43] are worth mentioning.

In practice, all machinery systems undergo “out of control” state after a certain time and the systems starts to
produce imperfect quality items which is a certain percent of the whole products. The manufacturing systems
shifts from “in-control” to “out-of-control” state not only for its machinery parts. This fact occurs due to
inefficient labours and hastily production rate. To maintain the quality of the products and proper utilize of the
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FIGURE 1. The schematic diagram of the production-inventory systems.

resources, these imperfect quality products are reworked at a cost to make it as new as original one in a parallel
or after completion of regular production system. Therefore, supply chain coordination, quality and fair price of
the products are important factors to sell the products to the customers efficiently. Heydari et al. [12] studied
supply chain coordination structure where uncertain demand were affected by the money-back guarantee offered
to the customers. Lee and Lee [15] investigated a correlated multi-item continuous review inventory problem
to obtain optimal values of the reorder point and order quantity. Avramidis [2] developed a pricing model
with finite inventory and semi-parametric demand uncertainty. Somogyi [39] lightened the importance of local
monopoly power in price setting based on a Bertrand-Edgeworth duopoly with exogenous capacity constraints
and a significant degree of product differentiation. Tasnadi [40] obtained analytically a symmetric mixed-strategy
equilibrium of the production-in-advance form of this game for a bulky region of transitional volumes. Oller [27]
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analyzed a duopoly model of divisionalisation and Cournot competition in two firms where demand and selling
price are inter-connected. He showed that both firms were coexisted in equilibrium only when the cost variation
is small enough and division are preferred sequentially.

Since the large piles of goods displayed in an enterprise fascinates the customers to buy more, the organizations
prerequisite to regulate the inventory level as well as optimal selling prices for the products in order to inspire the
customers to buy more and more products [9,22,28,32,33,37,41]. As a result, the research scholars, academicians
and investigators are being deliberately inclined to develop the sustainable supply chain models assuming stock
and price sensitive demand pattern for deterministic as well as uncertain cases. In this line of research works,
Lim [16] developed stock-dependent inventory model in which demand depends on a monomial function whose
shape and scale parameters are uncertain in nature. Cardenas-Barron et al. [6] investigated the EOQ model for
nonlinear stock-sensitive demand and nonlinear holding cost for retailer’s viewpoint where the supplier offered
trade-credit facility to the retailer. Zang et al. [46] analysed the retailer’s strategy to obtain optimal reorder
level, investment for preservation technology for perishable items and order lot-size for maximum profit of the
enterprise taking into account of stock dependent nonlinear holding cost and a stock dependent demand rate.

The sales teams efforts have been used for decades as most effective method to attract the customers to
buy more. Its main objective is to entice the channel members of a supply chain to drive sales, make available
information about the brand and fair prices, and remind the eco-friendly effect on the environment of the
green products. Cardenas-Barran and Sana [5] extended a production-inventory model of two layer supply
chain system where demand of the end customers is dependent on sales teams’ initiatives. They analyzed the
profit functions of both the manufacturer and retailer at maximum level to obtain the optimal production rate,
production lot size, backlogging and the initiatives of sales teams. Nasir and Bal [26] studied the impact of sales
promotional efforts on consumer buying behavior in an emerging market and they exposed that the consumers
are more inclined to price discounts offers on buying behavior in terms of brand switching, stockpiling, purchase
acceleration, and product trial. Khan and Warraich [14] surveyed the buying behaviour of the consumers on
four promotional efforts: price discount, buy 1 get 1, coupons, sweepstakes and games, They revealed that more
consumers are likely to purchase at price discount offers. The works of Chaudhuri et al. [7], Raji et al. [31],
Buyukdag et al. [4], Venegas and Ventura [44], Heydari et al. [13], Nasir and Bal [26], Qazi et al. [29] and
Al-Sahli [1] are noteworthy in this line of research works.

Most research articles investigated the stock and price dependent demand pattern where price is a decision
variable for fixed key parameters. Few studies considered the key parameters as interval valued function. The
proposed article considers the cost parameters as interval valued function and the price and on-hand inventory
follow interconnected differential equations. The rate of change of selling price increases with its current state of
price and it decreases with on-hand inventory level. This features occur with time and level of stock due to higher
demand or to clear the stock at optimum time. This new investigation based on mathematical analysis bridges
the research gap between the existing literature and the proposed model. Additionally, the initial selling price
and production lot size are assumed to be decisions variables considering various costs related to production and
GHG emission. As far as the author’s knowledge goes, such type of mathematical investigation in production-
inventory literature is not studied earlier.

3. ASSUMPTION AND NOTATION

The following assumptions and notations are considered to depict the proposed model.

3.1. Assumption

(i) The manufacturing system is an imperfect system. The imperfect items are produced in this system and
reworked at a cost after end of the regular production or in a parallel production system. The reworked
items are perfect items as new as original one.
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The manufacturing firm produces the items instantly according to the lotsize required to place in display of
its own retail channel. The manufacturing system follows just-in-time (JIT) philosophy and consequently
the cycle length is considered for retail channel only.

The effect of GHG emission is considered to calculate optimal selling prices. The initial reserve price is a
decision variable.

The cycle length of retail channel follows both the finite and infinite time horizon.

The manufacturing and transportation systems use green technologies to reduce GHGs emission which
result in higher production cost at early stage but lower production cost in long term projects. The
cost parameters related to GHG emission depends upon advance technology. More investment in green
technology reduces the costs of GHG emission.

The governmental guidelines of pollution control board and the cost for carbon cap and trade are followed
by the manufacturer.

The cycle length of the retail channel follows both the finite and infinite time horizon.

3.2. Notation

[z!, x4 This is a closed interval where z!(> 0) is lower bound of x and z*(> 0) is upper bound of
x.

pel0, 1] The shadow index of inflation of currency.

uel0, 1] The index of inflation of quantity parameter.

D(t) The demand rate of the products at time ¢.

1(t) The on-hand inventory at time ¢.

P(t) The sales price at time ¢.

E(t) The sales effort at time ¢.

I(t) The derivative of I(t) with respect to time ¢.

P(t) The derivative of P(t) with respect to time t.

Py The initial reserve selling price of the product.

Q The production lot size for the cycle T

T =T TY The cycle length of the retail channel of the manufacturer.

R =[R!, RY The production rate.

do = [d}), dY] The approximated value of the capacity of the market that is a constant part of the demand
rate.

dy = [d}, dY] The proportional constant of the increment of demand rate related to the onhand inventory
at time ¢.

dy = [d, dY] The proportional constant of the decrement of demand rate related to the onhand inventory
at time ¢.

ds = [db, dY] The proportional constant of the increment of demand rate related to the sales effort at
time t.

Ey = [E), EY] The initial sales effort level at time ¢ = 0.

v =, 74 The scale parameter of cost per unit volume of sales effort.

a=[al, o The scale parameter of growth rate of the selling price.

B=[3, B The scale parameter of diminishing rate of the selling price.

0 =16, 6 The percentage of the imperfect products during manufacturing process.

Cio = [C!y, C%]  The cost of GHG emission per unit time of regular production run time of the whole
production lot size.

Cy1 = [CY, C%]  The cost of GHG emission per unit time of production run time of reworking of the
imperfect products.

Coo = [Cly, C%]  The fixed cost of disposal of the waste products during manufacturing.

Co1 = [CL, C%]  The cost of disposal of the waste per unit item of the products during manufacturing.
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Cao = [CLy, C¥%]  The cost of GHG emission per unit vehicle for transportation of the products to the
customers.

Cr = [CL, CY] The capacity per vehicle to transport the products.

Cyo = [Cly, C%]  The cost of GHG emission per unit time during preservation of the products at retail
channel.

Cp = C41, Ci The cost of GHG emission per unit time during stock of inventory.

[ ]
Cy2 = [Cy, C%]  The cost of inventory per unit per unit time for other costs of energy consumption.
Cso = [050, C%¥%]  The cost of raw materials per unit item.
Cs1 = [CLy, C%]  The cost of technology, energy and labours to produce the whole product.
Csa = [CLy, C%]  The cost of tool/die costs per unit item.

3.3. Preliminary concept and definition

Let an interval number Ae[a!,a"] where a'eRT and a“eR* are lower and upper bounds of the numberA.
Be[b!, b"] where ble Rt and b“eR* are lower and upper bounds of the number B. Then, the interval valued func-
tion is f(p) = (')~ (a%)? where pe[0, 1] and f(p)e[a’, a*]. Now, the addition, subtraction, scalar multiplication,
multiplication and division properties of the interval are as follows:

Addition property. Let A = [a!,a"] and B = [b,b"]. Then A + B = [a' + b!,a* + b"] and the intervalued
function would be f(p) = (a’ + b')1=P(a¥ + b")? where pe[0, 1].

Subtraction property. Let A = [a',a%] and B = [b',b"]. Then A— B = [a! —b%, a" — b!] provided a' —b* > 0,
(a* —b') > (a' — b*) and the intervalued function would be f(p) = (a' — b*)!=P(a® — b!)? where pe[0, 1].
Scalar multiplication property. Let A = [a',a"], then yA = [ya!,va"] when v > 0 and vA = [ya*, va']
when v < 0. The interval valued function for yA would be {f(p) = (ya")!=?(va*)?,¥y > 0} and {f(p) =
—(Ivla*)'=*(|v]a")?, ¥y < 0} where pe[0, 1].

Multiplication property. Let A = [a!,a%] and B = [b,b%]. Then A x B = [a'b', a%b"] and the intervalued
function would be f(p) = (a'b!)!=*(a*b")? where pe[0, 1].

Division property. Let A = [a!,a"] and B = [b,b"]. Then A/B = [a!/b",a"/b!] and the intervalued function
would be f(p) = (a!/b*)1=P(a®/b')? where pe|0, 1].

Therefore, the interval values of the key parameters are as follows: do = (d)'~#(d%)*, dy = (d})*~*(dy)",
622 = (d)'M(dg), dy = (dy)'TH(d)E, By = (BY)UHMER @ = (@) T Bo= (8 (B,
@) r @y, T = (DRI R = (RYSHEDL 5 = GO0, G = (Clo)l P (Ch),

Cll = (Ci)'~ P(CH)?, Coyp = (Céo)l_p(c%)pv Cy = (Cél)l P(CH)P, Cso = (q:l’,o)l_p(cgo)pa T =
(Ol )P(Cp)P, Cap = (040)1 P(Cip)?s Can = (C4) 7 (Cih)P, Caz = (Clp)' ~P(Ch)?, Cro = (Cho)'~7(Ch)”,

Cs1 = (CLy)1P(C%)P, Csa = (CLy) P (Cly)P.
4. MODEL FORMULATION

In this model, an imperfect production system is considered where imperfect products are used in recycling
process to make those as new as perfect one’s. In this manufacturing system, transportation systems and storage
systems for the inventory of finished products generate GHG. Carbon emission is a major issue in GHG effect
on the environment. In this context, the proposed article formulates a mathematical model considering the
possible parameters of the following factors: (i) Carbon emission cost due to preservation of finished products.
(ii) Carbon emission cost due to transportation of delivery of the items to the customers. (iii) Disposal cost due
to manufacturing the items. (iv) Carbon emission cost due to manufacturing the items. (v) Production cost per
unit item which includes cost of raw materials, labour cost, cost of technology, tool or die costs, etc.

In this production system, the manufacturer estimates the total demand of the market where demand depends
on selling price and stock-level of the products. Here, the production lotsize is () which are produced beforehand
of the delivery of the products to the customers. Since the demand is varying with sales price and on-hand
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inventory, the sales price depends on stock-level and its existing price. Therefore, the demand function at time
“t” iS

D(t) = do + diI(t) — d2 P(t) (1)

where I(t) and P(t) are on-hand inventory and sales price at time “t” respectively; do is deterministic market
size; di and ds are demand sensitive parameters to on-hand stock and sales price of the product respectively.
The governing differential equations of on-hand inventory and sales price are as follows:

%Sf) = —do—diI(t) + C221D(t) (2)
with I( )=@Q and I(T

) =
dP(D) _ Ad<>
2 —ap - p

with P(0) = Py

3)

where & denotes continuous growth rate in respect of P(t) and ,3 denotes continuous decay rate in respect of
the change of stock level. Let @ items per lotsize are produced. As the production system is imperfect system,
the perfect items (good quality) are (1 — é)Q and imperfect items are §Q where 0 < § < 1. The GHG emission
cost during production is

C1(Q) = Cuo(Q/R) +Cn (Q/R) )

where R is production rate, C1 is carbon emission cost during production lot size @ and C41 is carbon emission
cost during recycling. The disposal cost due to waste products during production is

Ca(Q) = Cao + C21Q. (5)

The emissions of GHG from transportation systems is a continuing hazard to the global climate change which
threatens to change many natural systems in random ways. Carbon dioxide and Carbon monoxide are the major
sources of GHG which are generated from the combustion of gasoline, natural gas, and other fuels. Several
economic models with climate variation situations have been used to monetize greenhouse gases. The social
cost of carbon is estimated by integrated models of climate change with economic growth and the forthcoming
cost of the damage characteristics to climate change. Consequently, Carbon Cap-and-Trade regulations are
established at a socially optimal level such that the cost of mitigation does not overdo the social costs of the
pollution. The GHG emission cost due to transportation may be reduced by using renewable energies like battery
electrification, biomass derived fuels, solar energy, wind energy and synthetic fuels. The GHG emission cost due
to transportation of delivery items to the customers is

C5(Q) = C30Q/Cr. (6)

The holding cost due to preservation of the inventory is

Co(@, o) = CaoT + (Car + Cuz) /0 "I (7)

The production cost per unit item is
C5(Q) = Cs0 + C51/Q + C52Q. (8)
Here, C5(Q) is a convex function of Q and it attains minimum value at Q = 1/Cs;/Cs2. Solving equations (2)

and (3), we have

I(t) = a1e™" + bre™" — (020/621) (9)
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P(t) = aze™" + bye™2! (10)

where m; = %(—(dl + 3 dy — &) + \/(Jl—i-ﬁ dy — @)%+ 4ad,); my = %(—(Jl + 3 dy —a) —
\/(621 +Bdy—@)2+4a di); a1 = 211P — 212Q — 7135 b1 = —y11 Py + y12Q + Y133 a2 = 221 Py — 222Q — was;
b = —y21 0 +y22Q +yo3; ¥11 = d2/(m1 —ma); x12 = (M2 +d1)/(m1 —ma2); 213 = do(m2 +d1)/(d1(m1 —m2));
Y11 = d2/(m1—ma); y12 = (m1+dy)/(m1—ma); y13 = do(ma +d1)/(d1(m1—m2)); 221 = T11(m1+d1)/d2; 22 =

z12(ma + di) /da; 223 = x13(m1 +d1)/da; yo1 = y11(ma +d1)/da; Y22 = yr12(ma +d1)/d2; Y23 = y13(ma2 +d1)/do.
Here, I(T') = 0 provides

Q =z11FP+ 212 — 213 (11)

where m; # mo as (czl + BAdAg — &) + 4éd, #0; 211 = (GmlT — em"’f)dg/((mg + ciﬁemlf —(my + (Zl)emQT);
219 = (TTLQ — ml)do/(dl((m2 + dl)emlT — (m1 + d1)6m2T); 213 = —do/d1 since (mz + dl)emlT 7é (m1 + czl)e””L?T.
Therefore, the average profit per cycle is

T
AP(R,.Q) = { [ POD@O G- 61(@) - 6@ - E5(@) — Cu - ©n + o) [ m)dt_@(@)g}
0
_ A [g mar () b2t azby ¢ nimayt )y Bib2 (omat
_T[dl{zml(e 1)+ atah 1)+ 2l l)}

2 2
g as 2mq T _ b2 2moT _ 2@21)2 (m1+m2)T _
d2{ le (6 1) + 2m2 (6 1) + my + ma (6 1)
(O A a1 (T _ bil moT _ @
(C41 + C42> { o (6 1) + o (e 1) le}
— Cho (C?) Cn( Q) — Oy — C1Q — O3 (9> — CyoT — C50Q — C51 — 052Q2} . (12)
R R Cr

Substituting the values of a;, b;(i = 1,2) and @ in the above, we have

AP(Py,T) = Vi(T) P + Va(T) Py + V5(T) (13)
where Vi(T) = 2757;1(627”@ - Dz — 9612211)@?1 - 56227«:11) + m(e(mﬁmﬁ - 1){(%} - 96122}1)
(=y21 +y22211) + (w21 — 22211) (—y11 +Y12211) } + 2}17;2(62"” —1) (y12211 — y11) (211922 — Y21) — ﬁ(BZmIT -
1)(:821—:522211?2 —215;24(62”"”271—1)(1/22211—y21)2—m(e(ml+m2”—l) ($21—mzzzu)(zuym—y21)—%2%l;
W(T) = _2;}7:”1(62"”71 - 1){(%1 — z12211)(222(212 — 213) + @23) + (T21 — T22211)(T12(212 — 213) + 5E13)}

m(e(mﬁmzﬁ — 1) {(x11 — 12211) (Y22(212 — 213) + Y23) —(—Y21 +y22211)($12(212 —213) +13) + (221 —

w22211)(Y12(212 — 213) + y13) —(Y12(212 — 213) + Y13) (T22(212 — 213) + @o3) } + B 2Tm (€T — D) {(y12211 — y11)

Tml (eleT — 1) (w21 — 222211)(222(212 — 213) + X23)

(ya2(z12 — 213) + Y23) + (211912 — Y21) (Y12(212 — 213) + Y13)

— 7 (22T 1) (211 Y22 —yo1 ) (Y2 (212 — 213) +Y23) —ﬁ(e(mﬁml)f—l){(zm—x22211)(y22(212—213)+y23)
—(2113/22—y21)($22(212—213)+$23)}—(a%nfm(emm_l)(xll—xuzu) —(a%mfu)(emﬂ_l)(_yn +y12211) —
7(01”;%“)2“ — {%211 + 26%52%11(212 — 213)} —(Ca1 + %?)%’ V3(T) = 72%1”1 (e*™T — 1)(2z12(212 — 213) +
213) (22212 — 213) +223) — 7 (M1 FmT — 1) {(215(212— 213) +213) (Y22 (212 — 213) +y23) + (¥22 (212 — 213) +

T(m1+m2)

23) (y12(212 — 213) + 413) } +2Tm (™27 —1)(y12(212 — 213) + y13) (y22(212 — 213) + Y23) — ﬁ(émﬁ — 1) (w22
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(212 — z13) + w23)* — 2752772”2(627”& — 1)(y22(z12 — 213) + y23)* + #ﬁmz)(@(mﬁmﬁ = 1) (w22(212 — 2z13) +
w23)(y22(212 — 213) + Y23) + (d%Tf“)(emlTA — 1)(z12(212 — 213) + 213) — Cao —%(emﬂ; = 1)(y12(212 —
Z13) +y13) + (0412?42)&0 - (C‘w;gcu) (212 — 213) —%(212 —213) — é;f C;iz (212 — 213)% — % - CT21 (z12 — 213) —

7?50 (212 — z13). When time horizon is finite, i.e., 7" is fixed; then Vi (T'), Va(T') and V3(T') are constant. There-

fore, the average profit function AP(P) is a quadratic function of Py only. Now, our objective is to maximize
AP(Py) where Py is a decision variable and AP(Fp) is maximized using the following Lemma 1.

Lemma 1. Average profit AP(Fy) attains its mazimum value at Py = Py = —2‘/721 if V1 <0 and Vo > 0 hold
simultaneously and then the optimum production lotsize is Q* = z11 Py + 212 — z13.

Proof. If the time horizon (T') is finite, the average profit AP(P,) is a function of Py only. Differentiating AP (Fp)
with respect to “Py”, we have

dAP
=2V (T)Py + Vo(T
a7, () Py + Va(T)
d?AP
— =2V (7).
For optimum values of AP(Fy), % = 0 provides Pj = %(T) and AP(P}) is maximum when V1(T) < 0
holds. If V1(T') < 0 holds, then P§ would be feasible when V2(T') > 0, and the optimum production lotsize is
Q" =21 B + 212 — 213 O

When time horizon is infinite, the average profit function AP(Py,T) is function @ and T, i.e., Q and T are
decision variables. Then, AP(Py,T) would be maximized using the following Lemma 2.

Lemma 2. Average profit AP(Py,T) attains its mazimum value at Py = Py = # and T = {T* : [V; % —

2ViVo 22 +4V29%] = 0} if V4 <0, Vo > 0, 86755 < 0 and (382;‘21))(382;2})) - (g;(%%) > 0 hold simultaneously
0

and then the optimum production lotsize is Q* = 211 Fy; + 212 — 13-

Proof. If the time horizon (T') is infinite, i.e., T is a decision variable, the average profit AP(Py, T') is a function
of Py and T. Differentiating AP(Py,T) with respect to Py and T we have

OAP

TPO = 2V1(T)P0 + VQ(T)
O?AP

AP OV, , OV OVj
ar ~ar Tar vt o

O%AP oy oV,
oo~ lar T ar

AP 0%V 02V 02V
= lp+ 2P+ =2

T~ aT? aT? oT?’
For optimum values of AP(FPy,T), % =0 and 8AP = 0 provide
0 2Vi(T) (14)
A% OVy oV:
2 1 2 3
Vo — 5T -2V Vo—= 5T +4V1 5T =0. (15)
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Here, the equation (15) is a nonlinear function of T" only. It can be solved by Newton-Raphson method. It may
be unique or multi-valued for T*¢ R*. Let T;(i = 1,2,...,n)e R are obtained from equation (15). Then, the

required values of the optimal values of selling prices are Fj; = _ @) Now, [82%]( prTr) = 2Vi (Tr) <0
0 171

L (T7)
if Vi(T7) < 0 hold. The profit function AP(Pg;, T;") attain maximum values when V4 (T}) < 0, Va(T}) > 0,

[%](P&T;) < 0 and [(3;?5)(3;%13) - (68;(%1;)2](13&%*) > 0 hold simultaneously. If AP(P,,T) is a multimodal

function, the required maximum value of AP is the greatest value among the optimal values of AP(Fg;, T;*) and
its corresponding optimum production lotsize is Q* = 211 Fj; + 212 — 213. O

If mT < 1, then we may approximate e™? ~ 1+ mT and substituting it in equation (13), we have
AP(Py, T) = VPP (T) 5 + V3P (T) Py + V5P2(T) (16)

where VPP(T) = uiy — u12/T; Vi (T) =~ uzy — uga/T; ViPP(T) & ugy — uzz/T; uny ~ di(x11 — 212211) (221 —
T2211) + Czl{(fﬂll —x12211) (—Y21 + y22211) + (21 — T22211) (Y11 + y12211)} ‘Hil(lele —y11)(211Y22 — Yo1) —
d2($21 - $22211)2 —&2(y22211 - y21)2 - 2d2($21 — w2211) (21122 — Y21); U2 = CAY522%1; U21 =~ _Jl{(xll -
1‘12211)(222(212—213)+9€23)+($21—3322211)($12(212—Z13)+$13)} +CZ1{(9011—3712211)(y22(212—213)+y23) —(—y21+
Yo2211)(T12(212 — 213) +713) + (221 — T22211) (V12(212 — 213) +¥13) —(Y12(212 — 213) +y13) (T22(212 — 213) +$23)} +
dl{(ymzn—yn) (y22(z12—213)+y23)+(211y12—yzl)(y12(z12—z13)+y13)} +CZ2($21—5522211)(1722(212—213)+1523)—
2622(211y22—y21)(y22(z12—213)+y23) —JQ{(ﬂUzl—$22211)(y22(Zl2A—21:§)A+y23)—(211922—y21)($22(212—213)+$23)}
—(641 +é42)($11—$12211)—(é41 +é42)(—911 +y12211); u22 = %4—@50211 +2052211(212—213)+(C'21+
%’:)211—040; Uz = d1($12(212—213)+$13)($22(«212—213)+$23)—CZ1 {(5312(212—213)"‘5313)(2/22(212—213)+y23)+
(1‘22(212 - 213) + xzs)(ym(zu - 213) + y13)} —1—31(3/12(212 - 213) + y13)(y22(212 - 213) + yzg) - 622(!1022 (212 - 213) +
To3)? — do (y22(212 — 213) +Y23)? +242A($22A(212A —213) Jrl’zp)(ﬂgg (212 —213) +y23) + (041 +C’42) (r12(212 —213) +713)
—(641 +C'42)(y12(212—213)+y13)+w; Uz = %(m—213)+é50(212—213)+6'51 +6'52(212—213)2

+Cog+Coy (z12—213)+ Can (212 —z13). Using the above in equations (11), (13) and (14), we have optimal solution

Cr
Py = _<u21T{k — U22)

un Ty — ugo

as follows:

* *
Q" = 211P) + 212 — 213

T* _ —S2 + \ S% - 4S153
1=

251
T* _ 7S2 RV S% - 4S1S3
2 25,

2 2

S1 = upu12 — 2u11U21U22 + 4uT Uz
2

So = 2ui1usy — 8u11U12Us2

2 2
S3 = UsoU12 — 2U2U22 + 4u12u32.

4.1. Extension of the existing model when sales effort is applied

Green marketing is becoming more widespread as more educated people are afraid from GHG regarding
environmental issues. The sales efforts in a green marketing system promote to use the environmentally friendly
products, services, and initiatives. Although green marketing is apparently expensive than traditional nongreen
products, the manufacturer of the green products can earn more due to increasing demand of the customers.
Sales efforts taken by sales management of a firm are the processes of developing a sales power, managing sales
procedures and executing sales techniques that permit a business to steadily success, and even exceeds its sales
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goals. In this case, sales effort E(t) is applied to convince the customers about green products and quality of the
products and consequently the demand rate increases and cost of sales effort increase with level of sales effort.
Here, cost of sales effort is 4E2(t). Then, the governing differential equations are as follows:

D(t) = dy + diI(t) — dy P(t) + dsE(t) (17)
%’f) — —dy — diI(t) + daP(t) — ds E(1) (18)
with 1(0) = Q and I(T) = 0 E(0) = E,
aP@t) L dI(t)
o PO

(19)

Now, the equation (19) can be rewritten as

From equation (18), we have

BE(t) = L (—JO —di I+ C(Zjdp + <J?B - 1) dI)- (21)

The average profit function is as follows:

_ = e A _ A 2
AP = = {/0 P(t)D(t)dt — (Cyy +C42)/0 I(t)dt 7/ E%(t)dt

0
— C10Q/R - C110Q/R — Cap — C1Q — C30Q/Cr — CaoT — C50Q — Cs1 — 052Q2} (22)
Using equations (18), (20) and (21) in the above equation (22) and rewriting, we have

AP = {{/{)Té(diit)+3(1{i§f)>l(t)dt (6'41+CA'42) /OTI(t)dt

- 5 5 2
y . dyar (dp NI
2 [y —dir+ 2 YY)
d§0<° 1+&dt+<d a

- (émQ/R + énéQ/R) /T /0 ! dt — Coo /T /O ! dt — € Q/T /0

! t — égoQ/(éTT) /OT dt

T

_ G [ dt— Cso0)T / dt — Gy /T / At — (o Q2T / dt}
0 0 0

0
T . .
:/O ¢([,I,P,P,t) dt (23)

where

qS(f,I,P, P,t) - ;{%(P(t) +Bi(t))](t) _ ((541 + 6*42)1(t) - %(do Al %PJF (lef - 1>j>2
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- (CAHOQ/}A‘? + énéQ/R) JT — Ca0/T — CnQ/T — C30Q/ (éTT)

— Cyo— C50Q/T — Csy )T — é52Q2/T}. (24)

The necessary partial derivatives of ¢(I , P, P,t) are as follows:

oa{ae) g (aa e (o)) ()
3

% - ;{—(641 + 042) + 2?;1 (—do —di I+ EQP + (dff - 1) 1') } (26)

3

@:_2B_ﬁ @_12 (27)

oI? Ta Td2\ &

% _ 2ydy (dof3 1 (28)
ofor — Td: \ &

0% _  2yd}

o @ 2

gj;:;{_éj_zz<_do—dg+fp+(dzﬂ_1>j> (‘iz)} (30)

3
a6
% o (31)
~ 2

Po _ 25 (ds

0B = T (a) -

2
a?'ﬂe;bp =0 )

¢

oP? (3

Lemma 3. The average profit function AP attains mazimum value in [0,T].

Proof. Let I(t) and P(t) are along the curve C; and Cy respective such that AP will be maximum in [0, 7]

along these optimal paths. Then we consider I, = I + en;(¢) and P. = P + eng(t) where 11 (t) and 7o(t) are

arbitrary differentiable functions of ¢, and I, = I + ey (t) and P. = P + eny(t). Now, dAdlz(E) = 0 for extremum

value of AP(e). Therefore,
dAP(e)  [T[ o0¢ . 0¢ T 9y . 9
de —/0 {77181+7718[. dt+/0 772873-1—77267-3 dt
T 96 0617 (T d (0o T 9 061" /T d /04
S LYy _/ (.)m/ dt+[ ] _/ (.)dt
/0 7718[ {7718[}0 o mdt ol A 7I2aP Uzap . A nth P

(T o d[0¢ T Top d[d¢
= lar - w G [ el - (58))
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Since I(t) and P(t) are fixed at the end points, the arbitrary functions 7; and 7, would vanish at the end points,

i.e., n1(0) = 0 = ny(T) and 72(0) = 0 = 7o(7T"). Thus the necessary condition %};(e) le=o= 0 provides as follows:
o9\ 09
5 <8I) 51 =0 (35)
¢ ¢
(3P> P =0. (36)

Again differentiating %2(6) with respect to €, we have

d2AP(e) , 0% B¢ 0% , 26 P26 %
de /0 [771 arz A oy T 8[2] dt +/0 ["2 gp2 T2y s i gy | A

Now using equations (2 in the above second order derivative, we have

29), (
2 N A A
%k:o: ( Td2 d%ﬂ 1) U%‘?gg <(%6—1>771771+21;Yj§77% de
2
*/ ﬁg(:ﬁc@;?)dt
daf3 . ’ [ da 2.2
_f/ ( ) 1+d2<< 2 —1>n1—d1771> +d§<d> 2| dt

<0 asT>0&>0,9>0, >0, ds >0. (37)

Thus the sufficient condition dz% le=0< 0 indicates that the average profit function AP has a maximum value
along the optimal path I(¢) and P(¢) obtained from the differential equations (35) and (36). Hence the proof.
U

Now, simplifying the equations (36) and (35), we have respectively as follows:

d?I d?pP dI

A Ay— +A3— =0 38
taE T T (38)
d?P d21
Bi—5 +Bs— + B3l =B 9
vaE T Prge T * (39)
where Ay = —(% + Z(%8 —1)); 4y = 8% Ay = B, By = (L + B (%E 1) + 2Dy B, -
[e3 [e3 3 [e3 3 o 3 [e3 3
(20'? + z (diﬁ 1)%); By = 2;? ; By = % — (Cy1 + Cyz). Solving equations (38) and (39), we have
I(t) = g1e™" + g2¢™*" + B4/ B3 (40)
& 5 mig: mat at m292 mat at
P(t) = Pyedt — | [ 291 ) (emat — 292 ) (emat — 41
(0= foe BKml—a)(e ‘ )+(m2—d>(e ‘ )] 0

1 5 .
B(t) = —[~do — di (g:™" + g2¢™*" + B/ By) |
ds3

+ dy (Poeat -3 {(W) (emlt — eé‘t) + (W) (em2t — eé‘t)]>
m; — « mo —

mlt TI’LQt

— g€ — goe (42)
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g1 = u21Po + ug (43)
g2 = uz1 Py + uss. (44)

Using E(0) = Ey, we have

Q = U11P0 + Uu12 (45)
A3B1++/A3B3+4A3B3(A1 B1—A2B3) A3B1—+/A}B3+4A3B;3(A1B1—A2Bs)
where my ;0 Mo = ;o U1l =
2(A2527A131) (A2327A1B1)
dz(e'”ZT 7n1T) u . B4(mlem2T_m e'”lT-l-mz—ml) Bs(dsEo do)(e’”2T mlT). u  uggeme®
dl(EWT.QT_emlT)+m1€m2T_m26m1T7 12 BS(dl(e'mQT_emlT)+mlem2T_mZem1T) y W21 omal _ 'm1T7
_ B4(1—em2T) U12€"L2T . _ M. o B4(1_evn1T) ulzemlf . .

W22 = BlemaT _gm 1) t ot e UB1 = T T Us2 = Ba(em1T —emaT) t ot ot Using the optimal

paths defined in equations (40)—(42) in equation (23) and integrating, we have

AP(Py) = Vo1 Py + Vo Py + Vig (46)
(my14+a)T _ (mo+a&)T _ B 2 2m1T _ (my+a)T _
where Ve _(mTlﬂid)(e : T 1)’LL21 - (mzlid)(e : T 1)uSl +T(m7?id){<e 271%1 1) - (e 71711+d 1)}u%1
e(mi+m YT (my+a)T _ e(mi+m YT (mo+a)T _
+Tﬂ<ZZT2 (™)~ (Tga s ST~ (TR e
ﬁ e2m T_ (mo+a)T _ 2mq T d 2mo T d
"‘T(m?iﬂ){( 272712 L) — (=~ ;2+& L)}u3, _ﬁ(imln L)(dy + ni'fflt) u3; — ﬁ(igjn Ly (dy, + mej)Qu%l
5 26T A2, 2 22 o . A
;22( 1){1 + (nflim@l)z)ugl + (7577'1&)211%1 + (7?7)11,31 + (7?7)11,21 er%umum}
(m1+msa) L (mita)T_ .
Ti(i;;Jrif: H(di + %)(d + %)Uzluzﬂ +%(%)(d + ii’ff“){dzuzl + ‘fﬁ'fim}ugl +
4 (mo+a)T _ A
fnﬁ 2ug1u31} +Td2 (a2 (dr + d25m2){dzusl +4 mr‘ L u21uz1 + 25m2 u3 } — ACS2U%1;
(my+a)T _ (mo+a&)T _ 25 2mq T _ (myi+a)T _
Vo = —(Eia)(—F e — ()5 us +T<mm_1a){(e ) — (e ) fuzue

+ ﬁmlmz {(e(m1+m2)T,1)7(€(m1+&)'f,1

ST )}(UQQ’LL31+U21U32) 4 Bmlmg {(e(m1+m2)T71)7(6(7n2+&)T71

prep— )} (ugouszr +

T(mo _matmz ’ T(mi— mifms )
u21u32>+Tf£;”fd){<eg’;’f;*)—<e“";;i>;‘1>}u21u22 —#a(e '"m 1><d +‘f,i?:'2> Uz 22 ﬁ(%)(m
u21u32) (1 Y f;ftnl)(d + dlBﬂ(e”;i*l)um o (dy+ f;f:w)(d + dlB4>(e”jj;*1) sz(d0+
(%3%)(67) {dy + d2ﬁm1u21 + iifin{"u 1} - (d1 + if:n;)(d + iifiw)(e(”;:lziz_l)(uzzu31 + u21u32)
+%(%)(dl + dﬁ’_”}){d uzo + Q‘W”“UZ uzy + BB (g uzy + uppuz)} +sz(%)(dl +
fﬁfiﬂz){d usa + 2 S22 U3 U2 + }(U22U31 + ug1us2)} —{(%) + 021 + 030 + 050 Jui — 2?521111“12;

Ves = T(Z’Tid){<62’;’i,i*> - (g, +fmm {(6“";’:112*1) - (é’";j”:;"*l)}unugg

ﬁ (7n1+7n2)’f171 (m,2+6)’f‘71 BmE 2m2T71 (m2+&)’f’71 2 2 27711T 1
oy Tmgme )~ (Topga ) Yuzzusz g 2@){(e o)~ (omra ) Huis —ng(T)(%*-

B g (U + N —FR T o S + g e+ G antss)
B+ S + ) (< —22@ + Lyl + BE(CE um + F(do +
d;ﬁ?)(e%l) {do + Sy 4 BOmuy} 24+ B+ i;ff;)(é”;;’;i*l)uﬂm
+%(%)(&1 + %){féfﬁqluzg + ffbffAuzzusz} +Td2(%)( + iif%;){fifi”?u& +
BB gy} (041;0‘42)(em§1—1)u22 é‘“}ré“)(67YL;2_1)U32—(C41+C42)B“ %(d )2 f(CaotlOu )y

Cn g Cio 4 Caolgyy, — Ca2q2) — Cao

51 A
T ul? i 040
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As time horizon is finite, i.e., T'is fixed; then V1 (T"), Vio(T') and V,3(T') are constant. In this case, the average
profit function AP(Pp) is a quadratic function of Py where Py is a decision variable and AP(Fy) is maximized
using the following lemma.

Lemma 4. Average profit AP(Py) has mazimum value at Py = Pf = —2“/;31 if Ve < 0 and Ve > 0 hold

simultaneously and then the optimum production lotsize is Q* = w11 Py + uia.

Proof. Here, the average profit AP(P,) is a function of Py only. Differentiating AP(Fy) with respect to “Py”,
we have

dAP
— Vo (T) Py + Vo (T
ap, 1(T) Py + Vea (T)
d?AP
— =2V (T).
For optimum values of AP(P), % = 0 provides Py = _2‘(221((TT)) and AP(Py) is maximum when V.1 (T) < 0

holds. If V.1(T) < 0 holds, then Py would be feasible when V.2(T') > 0, and the optimum production lotsize is
Q" = un Py + uia. O

5. NUMERICAL EXAMPLE

Example 1. The interval values of the key parameters in appropriate units are considered as follows: T = [3, 5],
R = [500,700], dg = [180,200], d; = [0.15,0.25], do = [0.5,1.0], « = [0.1,0.3], 8 = [0.2,0.3], 8 = [0.05,0.2],
Cio = [2.0,3.0], C11 = [2.5,4.0], Cao = [5,10], Ca1 = [0.05,2], C39 = [10,15], Cp = [10,12], Cyo = [0.2,0.3],
C41 = [05,08], 042 = [07, 1.0], 050 = [200,250], 051 = [200,250], 052 = [001,002], n = 0.25 and p = 0.25.
Then, the required optimal solution is as follows: optimum reserve selling price P; = 53.54, Optimum production
lot size Q* = 1287.8875 and maximum average profit AP = 20193.34. This is global maximum value because
the Figure 2 shows that the average profit function is clearly concave function of Py and the selling price at
retail channel is a monotonic increasing function (Fig. 3) of time that is quite rational in a given economy. The
Figure 4 shows that the level of stock gradually decreases due of demand of the customers.

Example 2. When the cycle time horizon is infinite, the Py and T are decision variables and the values of
all the parameters are considered as same as Example 1. In this case, the near optimal solution is 7% = 2.0,
Py = 146.62, Q* = 817.56 and AP* = 20419.61. In this case, average profit function shows concave function
(Fig. 5) of time horizon (T") and reserve selling price Fj.

Example 3. When the cycle time horizon is infinite and AP is approximated considering |m;7| <« 1 and
|meT| < 1, and the Py and T are decision variables and the values of all the parameters are considered as
same as Example 1. In this case, the near optimal solution is T* = 1,68, Py = 200.56, Q* = 669.97 and
AP* = 23545.70. In this case, average profit function shows concave function (Fig. 6) of time horizon (") and
reserve selling price Fp.

Example 4. Let us consider the interval values of the key parameters in appropriate units when sales effort
is applied as follows: T = [1,2], R = [500, 700], do = [180,200], d; = [0.15,0.25], d2 = [0.5,1.0], d3 = [0.2,0.8],
~v = [0.2,0.5], Ey = [200,300], « = [0.01,0.03], 8 = [0.2,0.3], § = [0.05,0.2], C1o = [2.0,3.0], C11 = [2.5,4.0],
Coo = [5,10], Ca1 = [0.05,2], C39 = [10,15], Cr = [10,12], C49 = [0.2,0.3], C41 = [0.5,0.8], C4o = [0.7,1.0],
Cs0 = [20.0,25.0], C51 = [200, 250], Cs2 = [0.01,0.02] and p = 0.25. Then, the required optimal solution is as
follows: optimum reserve selling price FPj = 262.94, Optimum production lot size @* = 139.35 and maximum
average profit AP = 5268.90. This is global maximum value because the Figure 7 shows that the average profit
function is clearly concave function of Py and the selling price at retail channel is a monotonic increasing function
(Fig. 8) of time that is quite rational in a given economy. The Figure 9 shows that the level of stock gradually
decreases due of demand of the customers and sales effort level increases with time (Fig. 10) to capture the
market efficiently.
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6. MANAGERIAL INSIGHTS

In spite of the omnipresence of environmental narratives of the green products in the green marketing lit-
erature remarkably few pragmatic studies guide the businesses to integrate and functioning green marketing
in normal business practice. As a result, green technology and green marketing be unsuccessful to achieve its
potential for enlightening the quality of life for consumers, and nor it benefits the ecosystem. The green tech-
nologies/policies for production, transportation and consumption are assertive sustainable development to the
society, and managers of the firms are compelled to recognize the need of green marketing throughout the
organization, and build sustainability into the performance of their channel members, products and services.
Every successful firm should emphasize on pricing strategy, branded quality of the products, corporate social
responsibilities and sales promotion activities, among many other factors. As price and quality of the products
are vital factors to attract the consumers of a product, the environmentally-conscious pricing strategy fixes a
price that mirrors the ecological ingredients of a product, donations to environmentally responsible firms, and
sales promotion methods that engage end-users to support green initiatives like life-cycle costing, carbon offset
pricing and competitive pricing.

Keeping in mind the above issues, the findings of the model presented in numerical analysis helps the manager
of the manufacturing firm to determine the optimal sales prices and optimal production lotsizes considering
several costs related to production, inventory of the finished products and carbon cap-and-trade for GHG
emission. Since the product cost of an item depends on its manufacturing costs like cost of raw-materials, cost
of technology, costs of labour, energy, tool/die, disposal of wastes, rework cost of imperfect quality products,
carbon emission costs due to production and transportation, among others. Consequently, the selling price varies
with these costs directly. Quite often, the cost parameters of GHG emission diminished with advanced green
technology that requires more investment at initial stage. Although advance green technology and green supply
chain need more investment, it reduces the costs of GHG emission directly and reduces the manufacturing costs
indirectly in a long run project. On the other hand, sales efforts are applied in marketing management to attract
the customers to buy more. Thus, the green technology for supply chain management should be adopted by the
industrialists to keep safe the environment from damage due to pollution caused by GHG and to sustain their
businesses in a competitive marketing system.

7. CONCLUSIONS

A modern business management cannot be sustained without an operative ecological system as a source of
natural resources. The GHGs is a key factor of ecological degradation. The GHGs are generally engendered for
all living beings and these are emitted from industries, transportation systems, rapid population exploration,
poverty, soil degradation, traffic, mismanagement and misuses of open access resources because of unfocussed
property rights, etc. In the last decades, the governmental policies are implemented to control pollution caused
by industries, transportation systems and other factors caused by human beings.

As the government charges cost to control pollution caused by manufacturing industries, the manufacturing
costs include material costs, energy costs, labor costs, the cost for technology, tool/die cost, transportation cost,
and cost for GHGs. As a result, the selling price increases indirectly for the cost of advanced technologies that
reduce the emission of GHGs. Moreover, advanced technologies for energy generation like wind energy, solar
energy, and hydro energy save non-renewable energy. Therefore, the inclusion of renewable energy systems in
whole energy systems is urgent to save our human civilization from pollution and the scarcity of non-renewable
energies. As the cost for the set up of renewable energy systems is high at starting level, the setting of the
selling price of the green products is a vital issue to attract the end customers to buy more. In this context,
an awareness program about green products conducted by marketing management is a way to boost selling the
products at a fair price. The objective of the proposed model is to find out optimal selling prices and production
lot size trading of the several costs related to manufacturing and transporting the products to the customers so
that the average profit of the manufacturer is maximum. In this model, the selling prices are determined based
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on the stock of the product and several costs related to manufacturing the items. Moreover, the 21 imperfect
quality products are reworked at a cost to save the material cost as well as natural resources. This model helps
the management of a manufacturing enterprise to determine selling prices and production lot size keeping in
mind the sustainability of his/her business as well as the sustainability of a clean environment and available
natural resources.

The proposed model may be extended immediately for a dynamical system incorporating the control variables
like advertisement and awareness efforts for gray consumers who are ignorant about green product and green
technologies. The proposed model is analysed for continuous cases only which is a limitation of the model. This
limitation may be relaxed further considering discrete variables. This model can be expanded for uncertain
market demand. Furthermore, production disruption due to supply disruption of raw-materials and machine
breakdown is necessary to incorporate in forms of uncertainty that can improve the implication of the model in
practice and make future research more meaningful.
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