
Chapter 7
A Sustainable Production Inventory
Model with Variable Demand Dependent
on Time, Selling Price, and Electricity
Consumption Reduction Level

Amalesh Kumar Manna and Asoke Kumar Bhunia

Abstract Sustainable development in themanufacturing system is the developments
that reduce negative environmental impact, save natural resources and energy, and
create a safe and economically healthy atmosphere for employees, communities, and
consumers in the production of items. On the other hand, customers are always moti-
vated to purchase low electric consumption goods. In this study, a sustainable manu-
facturing model is developed under the assumption that the manufacturer will use
the latest technology to reduce the electric consumption. Here, the electric consump-
tion reduction level and selling price-dependent customers’ demand is considered.
The manufacturer’s social sustainable development cost is also incorporated, which
depends on the electric consumption level. This study concludes that the electric
consumption reduction level and selling price-dependent customers’ demand will
help both the manufacturer and customer’s environmental and economic benefits.

Keywords Manufacturing · Sustainable development · Promotional demand

1 Introduction

Many manufacturing firms realize that they are responsible for social, economic,
and environmental development. This responsibility can make a difference in the
sustainable development of human settlements. On the other hand, every developed
country aims to reduce the use of natural resources. So, the goal of the sustainable
development of the manufacturing system is to maximize the average profit or mini-
mize the average cost. In 2015, the 21st session of the State Party in Paris, France,
adopted the UNFC (United Nations Framework Convention) on climate change,
which brings the regulations of carbon emission reduction and energy-saving policy
by promoting in an alternative way. Sometimes we can say that sustainable devel-
opment is the transition towards sustainable consumption during production. The

A. K. Manna (B) · A. K. Bhunia
Department of Mathematics, The University of Burdwan, Burdwan 713104, India

A. K. Bhunia
e-mail: akbhunia@math.buruniv.ac.in

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2022
I. Ali et al. (eds.), Computational Modelling in Industry 4.0,
https://doi.org/10.1007/978-981-16-7723-6_7

79

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-16-7723-6_7&domain=pdf
mailto:akbhunia@math.buruniv.ac.in
https://doi.org/10.1007/978-981-16-7723-6_7


80 A. K. Manna and A. K. Bhunia

natural resource-saving concept is one kind of sustainable development. Wolf and
Chomkhamsri (2015) described the consumption decision affects of the consumer’s
household resources, space, time etc., in a sustainable production and consump-
tion system. Turkay et al. (2016) studied social and environmental criteria in supply
chain management to incorporate attainability. Abreu et al. (2017) studied Lean-
Greenmodels for sustainable production.Manna et al. (2019) addressed an imperfect
production inventory model with GHG emission control from industrial waste under
the fuzzy environment to incorporate sustainable development. Daryanto and Wee
(2018) developed a sustainable production model by considering carbon emission
from production, holding andwaste disposal activities. Shen et al. (2019) addressed a
sustainable model on the production process by considering preservation investment
for perishable items and carbon tax. Mishra et al. (2020) and Manna et al. (2020a)
considered carbon emission cost in their production model to sustain the environ-
ment. Lu et al. (2020) also proposed a sustainable development in a productionmodel
by reducing carbon emissions. Also, they considered price-dependent demand and
solved the problem by the Stackelberg game approach. Tang et al. (2020) investigated
sustainable development in a transportation system under a carbon tax policy via a
multiplayer dynamic game approach.

Customers’ demand plays a vital role in a manufacturing firm to optimize the
system’s average cost or profit. The management of a manufacturing firm incor-
porates various types of features for electronic goods such as low radiation level,
low electric consumption level, etc., of the produced items to attract the customers.
Several researchers reported various types of demand function in their inventory
model. You and Hsieh (2007) proposed stock and selling price linked to demand
in an EOQ model. Hovelaque and Bironneau (2015) developed a carbon emission
dependent demand-based inventory model. Shah (2015) addressed credit-linked and
selling price-dependent demand in the formulation of an inventory model. Zerang
et al. (2016) suggestedmarketing effort and selling price based demand in their supply
chain model. Bhunia et al. (2017) developed a production model considering vari-
able demand dependent on the item’s frequency of advertisement and selling price.
Bhunia et al. (2018) assumed advertisement frequency, displayed inventory level
and selling price-dependent demand in an inventory model for a perishable item.
Kumar and Uthayakumar (2019) proposed price discount and stochastic demand in
an inventory model. Manna et al. (2020b) investigated the effects of selling price
and warranty policy linked to demand in the production model addressing imperfect
items’ inspection errors.

This chapter has established a sustainablemanufacturingmodelwith reduced elec-
tricity consumption of produced electronic goods. It is assumed that the customers
will purchase the product verifying the product’s electricity consumption level and
selling price. Also, the manufacturer’s social sustainable development cost has been
considered dependent on the electric consumption level. This study’s main objective
is to determine the optimal selling price and electric consumption reduction level of
the manufacturing product, which maximizes the production system’s average profit.
A numerical experiment has been done by solving a numerical example for testing
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the validity of the model. Finally, sensitivity analyses have been performed w.r.t.
various system parameters.

2 Problem Description

2.1 Notation

Im(t): On hand inventory level of the product
Pm : Manufacturer’s production rate
tm : Manufacturing time
Tb: Business period
el : Electricity consumption reduction level of the product
sr : Selling price per unit product
D(el, sr , t): Customers’ demand rate
C(el): Unit production cost
hc: Holding cost/unit time/unit product
cd(el): Sustainable development cost/unit product
Am : Set-up cost/cycle
π(el , sr , T ): Manufacturer’s average profit.

2.2 Assumptions

(i) The manufacturing firm produces the non-deteriorating product, and a part
of the produced product is defective. The production and defective rates are
constants. Also, the demand rate is less than the rate of produced perfect items,
i.e. P > D(el , sr , t).

(ii) The customers’ demand rate is decreased with the increase of time as well
as the selling price of the product. Also, it is increased with the elec-
tricity consumption reduction level of the product. Hence the mathematical
expression of customers’ demand rate is given by

D(el , sr , t) = α0 + α1el − α2sr − α3t

= d(el , sr ) − α3t,

where d(el , sr ) == α0+α1el−α2sr andα0, α1, α2, α3 are positive constants.
(iii) Unit production cost is increased with the increase in electricity consumption

reduction level of the product. Themathematical expression of unit production
cost is as follows:

C(el) = cpe
δel
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where cp is the fixed production cost and δ is the control parameter of the
electricity consumption reduction level.

(iv) Due to government regulation, the manufacturer is bound to spend an amount
of money for society’s sustainable development. This amount is proportional
to el . The sustainable development cost per unit production is given by

cd(el) = a − bel

where a is the fixed sustainable development cost and b is sustainable
development sensitive cost.

3 Mathematical Representation of the Model

Let us suppose that a manufacturing firm initially starts the production to fulfil the
demand of the customers. During the production period (0, tm), the inventory level
of perfect item increases at the rate Pm −D(el , sr , t), whereas it decreases at the rate
D(el, sr , t) and reaches zero at time t = Tb. The graphical nature of the production
inventory system during [0, Tb] is represented in Fig. 1.

The governing differential equations of the inventory level Im(t) are as follows:

d Im(t)

dt
= Pm − d(el , sr ) + α3t, 0 < t ≤ tm (1)

dIm(t)

dt
= −d(el , sr ) + α3t, tm < t ≤ Tb (2)

with the conditions Im(0) = 0 = Im(Tb). Also Im(t) is continuous at t = tm .
The solutions of the Eqs. (1) and (2) are as follows:

Fig. 1 Schematic diagram
of the inventory level of
perfect items
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Im(t) = {Pm − d(el , sr )}t + α3

2
t2, 0 < t ≤ tm (3)

Im(t) = (Tb − t)d(el , sr ) − α3

2
(T 2

b − t2), tm < t ≤ Tb (4)

where d(el , sr ) == α0 + α1el − α2sr is independent of t.
From the continuity of Im(t) at t = tm, we get

{Pm − d(el , sr )}tp + α3

2
t2p = (Tb − tm)d(el , sr ) − α3

2
(T 2

b − t2m)

which implies that tm = Tb
Pm

{
d(el , sr ) − α3

2
Tb

} (5)

The manufacturer’s average holding cost (AHC) during [0, Tb] is as follows

AHC = hc
Tb

⎧
⎨
⎩

tm∫

0

Im(t)dt +
Tb∫

tm

Im(t)dt

⎫
⎬
⎭

= hc
2Tb

[
Pmt

2
m + (T 2

b − 2tmTb)d(el , sr ) − α3

3
(2T 3

b − 3tmT
2
b )

]

The manufacturer’s average production cost (APC) is as follows

APC = 1

Tb
cpe

δel Pmtm = cp
{
d(el , sr ) − α3

2
Tb

}
eδel

The manufacturer’s average sales revenue (ASR) is given by

ASR = sr
Tb

Tb∫

0

{d(el , sr ) − α3t}dt = sr
{
d(el , sr ) − α3

2
Tb

}

The average set-up cost of the manufacturer is Am
Tb
.

The average sustainable development cost (ASDC) of the manufacturer is
calculated as follows:

ASDC = 1

Tb
(a − bel)Pmtm = (a − bel)

{
d(el , sr ) − α3

2
Tb

}

Hence the average profit of the manufacturer is calculated as follows

π(el , sr , Tb) = ASR − APC − ASDC − AHC − Am

Tb

= sr
{
d(el , sr ) − α3

2
Tb

}
− {

(a − bel) + cpe
δel

}{
d(el , sr ) − α3

2
Tb

}
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− hc
2Tb

[
Pmt

2
m + (T 2

b − 2tmTb)d(el , sr ) − α3

3
(2T 3

b − 3tmT
2
b )

]
− Am

Tb
(6)

Now the problem is to find the optimal values of el (electricity consumption reduc-
tion level of the product), sr (selling price/unit product), and Tb (business period),
which give the maximum average profit π(el, sr , Tb) of the manufacturer.

Hence the corresponding maximization problem is as follows:

Maximize π(el, sr , Tb)

subjectto el > 0, sr > 0, Tb > tm > 0) (7)

4 Numerical Experiment

To verify the model, the following numerical example is considered.
Example: Let us suppose that amanufacturing firm produces an electrical product

(say, AC) at the rate of Pm = 600 units per month and fulfils the customers’ demand.
According to the assumptions, the demand parameters are a0 = 380 units, a1 = 25
units, a2 = 2.1 units, a3 = 0.18 units. Also, the unit production cost parameters are
assumed as cp = 35 units and δ = 0.34. The manufacture is bound to spend any
amount for sustainable development of the environment and society. It is assumed
that the sustainable development cost parameters are a = 3 units and b = 1.2 units.
Again, the set-up and holding costs are considered as Am = 300unit and hc = 3
unit, respectively. The manufacturing authority wishes to find the extreme values of
el , sr , and Tbby maximizing the manufacturer’s average profit.

Solution: Using the mentioned parameters values in the optimization problem
(7) and using MATHEMATICA, we get the optimal values of el , sr and Tb and
π(el , sr , Tb). The optimal solution of the example is shown in Table 1.

The concavities of the average profit w.r.t. el , sr and Tb are shown in Figs. 2, 3, 4,
5, 6 and 7, which are plotted by MATHEMATICA software.

Table 1 Optimal result of the example

Electricity
consumption
reduction level of
the produced item
(el)

Selling price of
the produced item
(sr )

Production
period (tm)

Business period
(Tb)

Manufacturer’s
average profit
π(el , sr , Tb)

0.2836 units 113.23 units 0.3261 units 1.3115 units 10296.50 units
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Fig. 2 Concavity of
π(el , sr , Tb) w.r.t. el

Fig. 3 Concavity of
π(el , sr , Tb) w.r.t sr

Fig. 4 Concavity of
π(el , sr , Tb) w.r.t. Tb

5 Sensitivity Analyses and Result Discussion

In this subsection, the post optimality analyses are performed w.r.t. different system
parameters like Pm , α0, α1, α2, α3, cp, ch , and Am by changing the values from −
10% to +10% to investigate the effect of the values’ optimum values of the decision
variables. The detailed results are shown in Table 2.
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Fig. 5 Concavity of
π(el , sr , Tb) w.r.t. sr & Tb

Fig. 6 Concavity of
π(el , sr , Tb) w.r.t. el & Tb

Fig. 7 Concavity of
π(el , sr , Tb) w.r.t. sr & el
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Table 2 Post optimality analysis w.r.t. different system parameters

Parameters % of change of the
parameters

% change in optimal values

π(el , sr , Tb) el sr tm Tb

Pm −10 +0.08 0 −0.04 +13.18 +1.83

−05 +0.04 0 −0.02 +6.18 +0.84

+05 −0.03 0 +0.02 −5.50 −0.74

+10 −0.06 0 +0.03 −10.41 −1.40

α0 −10 −24.53 0 −7.91 −8.51 +5.00

−05 −12.69 0 −3.96 −4.24 +2.34

+05 +13.53 0 +3.96 +4.23 −2.06

+10 +27.90 0 +7.92 +8.46 −3.88

α1 −10 −0.25 −98.76 −2.87 −0.09 +0.04

−05 −0.19 −48.2 −1.46 −0.06 +0.03

+05 +0.30 +46.09 +1.50 +0.09 −0.05

+10 +0.71 +90.20 +3.04 +0.25 −0.12

α2 −10 +18.62 +99.75 +12.24 +1.84 −1.24

−05 +8.72 +48.45 +5.77 +0.92 −0.61

+05 −7.74 −45.84 −5.19 −0.89 +0.59

+10 −14.64 −89.39 −9.86 −1.78 +1.18

α3 −10 +0.01 0 0 +0.18 +0.18

−05 0 0 0 +0.09 +0.09

+05 0 0 0 −0.09 −0.09

+10 −0.01 0 0 −0.18 −0.18

cp −10 +5.97 +109.27 +1.45 +1.90 −0.95

−05 +2.88 +53.21 +0.70 +0.92 −0.47

+05 −2.71 −50.6 −0.67 −0.89 +0.47

+10 −5.25 −98.84 −1.31 −0.18 +0.91

ch −10 +0.20 0 −0.02 +4.72 +4.69

−05 +0.11 0 −0.01 +2.51 +2.51

+05 −0.11 0 +0.01 −2.33 −2.32

+10 −0.21 0 +0.02 −4.48 −4.45

Am −10 +0.23 0 −0.02 −5.11 −5.15

−05 +0.11 0 −0.01 −2.52 −2.54

+05 −0.11 0 +0.01 +2.46 +2.48

+10 −0.22 0 +0.02 +4.86 +4.9
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From Table 2, it is observed that

(i) π(el, sr , Tb) (average profit of the manufacturer) is equally sensitive directly
and reversely w.r.t. α0 (fixed demand rate) and α2 (selling price sensitive
demand parameter) respectively, whereas it is reversely less sensitive w.r.t. cp
(unit production cost). Also, it is insensitive w.r.t. ch (holding cost), Am (setup
cost), Pm (production rate), α1 (electric consumption reduction level sensitive
demand parameter), and α3 (time sensitive demand parameter).

(ii) the electric consumption reduction level (el) is highly sensitive directly w.r.t.
α1, whereas it is highly sensitive reversely w.r.t. α2 and cp. Moreover, it is
insensitive w.r.t. α0, α3, ch , Am , and Pm .

(iii) sr (selling price/items) is moderate sensitive directly and reversely w.r.t. α0

and α2 respectively, whereas it is less sensitive directly and reversely w.r.t. α1

and cp respectively. Also, it is insensitive w.r.t. α3, ch , Am , and Pm .
(iv) the production period is moderate sensitive directly and reversely w.r.t. α0

and Pm respectively, whereas it is less sensitive directly w.r.t. Am . Also, less
sensitive reversely w.r.t. ch and α2. Moreover, it is insensitive with respect to
α3, α1, and cp.

(v) the business period is less sensitive directly w.r.t. α2 and Am whereas it is less
sensitive reversely w.r.t. α0, ch , Pm . Also, it is insensitive w.r.t. α1 and α3.

6 Conclusions

In the present work, the concept of sustainable development has been incorporated
in a manufacturing system by considering electric consumption reduction level and
selling price-dependent demand. On the other hand, customers prefer less electric
consumption electric goods at the time of purchasing. In this connection, manu-
facturing companies invest an amount for new technology to reduce the electric
consumption of each electronic goods and increase the customers’ demand. Here,
we have determined the optimal values of electric consumption reduction level and
selling price per item by maximizing the manufacturer’s average profit. From the
post optimality analyses, the following conclusions are summarized as follows:

• Average profit is equally effective in a positive manner concerning fixed market
demand, whereas it is equally effective in a negative sense w.r.t. the selling
price per item. Furthermore, it is less effective in a negative sense w.r.t. the unit
production cost.

• On the other hand, the selling price per unit item and the production period is
moderately positive effective w.r.t. fixed market demand, whereas the electric
consumption reduction level is insensitive w.r.t. fixed market demand.

For further investigation, one can extend this work considering backlogged short-
ages (fully/partially). Also, the proposed demand function can be applied in a supply
chain model. Moreover, this model may be extended considering the imprecise
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parameters relating to demand rate, production and different inventory costs in fuzzy
and interval environments.
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