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/ DISCOVERY

SCIENTIFIC SOCIETY

A synergistic energy and
production supply chain
network design and planning
optimization model considering
multi-product and multi-

periods

Al-Ashhab MS*'2, Abdulrhaman AM Al-Shami?,
Mohamed H Mohamed*?

ABSTRACT

Undoubtedly, there is a permanent and extreme importance to production
planning to ensure that the necessary resources are provided on time so as not
to disrupt production. One of the most important of these resources is energy,
which is no less important than raw materials. Therefore, it was decided in
this research to develop an integrated mathematical model for production and
energy planning optimisation model for supply chain networks in case of
multi-product and multi-periods. The primary aim is to optimise supply,
production, distribution, and inventory planning for a supply chain consisting
of three suppliers, one factory, three distributors, and four retailers to
maximise profit. The proposed model was formulated using mixed-integer
linear programming and solved using LINGO 18.0 software. Further, the
efficiency of this model was verified by solving and analysing the results of a
comprehensive example: different scenarios representing a market with
different demand patterns and two cases with different parameters. The
results indicated that the proposed model succeeded in achieving high profits
while controlling the amount of energy consumed by the factory during

manufacturing, as well as in solving production planning problems.

Keywords: Energy; Production; Planning; Multi-products; Multi-periods;
MILP; LINGO.

1. INTRODUCTION

Supply chain networks can be modelled to aid in making decisions about
location, transportation, and inventory. This study contributed to the
development of CLSC design standards that can be applied to various
products [1].
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Poor production planning may have a negative impact on company profit and customer satisfaction [2]. Buildings consume a
large amount of energy and the best way to reduce energy use is to improve the energy efficiency of the existing buildings [3].

Both large and small production planning can be performed using a simple data model. The product's work plan now includes
information on the amount of energy required. Data must be accurate in a 15-min time frame for detailed planning [4]. The average
amount of energy used in a work sequence can be determined by examining the power demand capacity and cycle-time data.
People who desire to make dark-coloured objects can now use new energy data to help them design them [5], [6].

With the growth of the global economy, companies have been forced to interact with the supply chain rather than operating on
their own. New forest-based biorefinery supply chains have considered various employment types and locales [7]. The
development of new jobs is correlated with a decrease in greenhouse-gas emissions. The primary objective of this investigation was
to develop an analytical framework to quantify the environmental performance of industrial supply chains. In addition, the
analytical hierarchy process (AHP) is used to evaluate and compare the performance of the GSCs|[8].

Energy-based models can be used in hierarchical production planning to identify similar problems [9], where profit, total cost,
and customer happiness are the main goals [10]. The two primary purposes of supply management processes are the total reduction
in supply chain costs and improvement in the average amount of things delivered to clients [11]. The two primary objectives of the
model are to minimise the total costs and maximise the overall greenness score of the raw materials and components. The greenness
of each supplier is assessed using the fuzzy EDAS approach [12]. Wang et al. [13] built a supply chain that maximised profit while
considering capacity constraints.

In process industries, energy is often considered the primary source of work power, and this dissertation examined certain
most crucial elements. Process industries such as chemicals, pulp, and steel are the focus of these cases [14], [15]. As a renewable
energy source, biomass is an essential link in the sustainability chain. However, most companies, particularly small and medium-
sized enterprises (SMEs), encounter difficulties and hostility when attempting to save energy. The approach used to determine the
most efficient way to generate electricity from biomass is sufficient to solve this problem [16], [17]. Al-Ashhab proposed a method
to solve partner selection and production planning problems in manufacturing chains [18] [19] considering the network shown in

figure 1.

Customer 4

Customer 3

Customer 2

¥ Customer 1

Figure 1: Facility, suppliers, distributors, and customer network [3].

This research is focused on developing an integrated energy supply chain and production planning employing multi-period
and multi-product using the LINGO programming language, solving optimisation problems, and a perfect model for the three
distributors, one factory, two power stations, three suppliers, four customers, three products, and twelve periods. This software is
expected to enable businesses to maintain a record of their supply chains as well as their production strategy. However, the new

product will be more useful than in previous studies and will have better products and profitability.
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Problem Discerption

In this model, a production plan was developed for a factory and its production was linked to the amount of energy consumed in
each period. The factory receives raw materials from well-known suppliers and produces several products with a known
manufacturing capacity and known storage capacity. These products are distributed by distributors in periods specific to the
required customers. Everything related to this process was defined, and the quantities, capacities, costs, and distances between the
parties and their relationship to each other were defined as well.

The model attempted to create the highest possible profitability and the best level of service by satisfying customer needs,
reducing the required costs, and choosing the most appropriate distributors to provide the nearest and closest customers. Further, it
deals with shortage, manufacturing, and storage costs, as well as increasing profits when factory electricity is economically
consumed to reduce costs. Moreover, the model functioned in accordance with the restriction set and the capabilities of the
concerned parties and designer.

One of the most important parts of this work was connecting two power plants to the specified factory, determining the
capacity of each station, studying the electricity consumption and its cost according to the production of the factory, and clarifying
the relationship between them. This was to determine the best productive economic model for the factory at the lowest costs with a
high level of customer service and high profits, which is the main goal of any business or company.

The proposed model is formulated as mixed-integer linear programming (MILP) and solved by the LINGO 18.0 software.

Figure 2 shows the components and network of this study, which consists of one facility with three suppliers and two power
stations. The facility distributes the three distributors, following which the three products to the three distributors reach the four

customers in twelve periods.

i

Figure 2 Supply chain network

Figure 3 Model Flow
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Figure 3 shows the flow of raw materials from their beginning to their arrival as products for customers. Suppliers are

responsible for providing raw materials for the facility. Further, the facility manufactures materials, converts them into products,

and then distributes the products to distributors. Moreover, the facility can store certain products in its own warehouse to achieve

better and distribute the products to customers or store them according to the demands of the customer.

Model Assumptions and limitations

The following assumptions were considered to develop this model:

a.

b.

C.

Energy consumption should be limited to the volume of production of the facility.

The capacity of each power station is limited.

The value of energy consumption is related to the size of the quantities used to produce each product for each period.

The consumption cost is related to the amount of energy consumed by the factory for each product in each period.

The model contained multiple products (three products), different weights for each product, and the quantities of raw
materials from which the products were made were specified and transferred from the supplier to the factory.

The model was multi-period and had all twelve specified periods.

The distances of the sites in this model were specified for all parties from and to each other (customers, suppliers, factories,
and distributors).

Customer demand is known for all three products in all twelve periods.

The types of costs are known and include electric energy, fixed, material, manufacturing, nonutilized capacity, shortage,
transportation, and inventory holding costs, which are known for each location and for each product in each period.

The manufacturing hour capacity of the facility was defined.

The raw material storage capacity of the facility was defined.

The storage capacity of the products in the facility was defined.

The capacity and storage costs of the three distributors were defined.

The capacity of the three suppliers was defined.

The shortage cost depended on the difference in the quantities required by customers and the quantity transferred from
distributors to customers in each period for each product.

The cost of maintaining the product depended on the weight of the product and the stock left in each period in the factory
and in the distributor.

The cost of transportation depends on the weight of the quantities transferred. The values were calculated for all the
products in each period.

The cost of unused capacity depended on the difference between the factory manufacturing capacity, quantities exported
from the factory, and quantities stored in the factory.

The manufacturing cost depended on the number of quantities exported from the factory to the distributors, the number of
quantities stored in the factory, and the time and cost of manufacturing the product within the factory in each period and
each product.

The material cost of the product depended on the amount of raw material and size of the product.

All batch values exported and stored from and to anywhere must be integers only.
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2. MODEL FORMULATION

Model sets, parameters, and variables

S5 v o wUom

facilities

potential Distributors
potential suppliers
Customers

Product

Period

power stations

ECPU,,
ECPH¢
CAPWT
Bdp
Wp

DEMAND
Poot
MATCOST,,
Bs
By,
MCy
MH,
CAPHy,
CAP,,
CAP,,
CAPFS;,
CAPM,
SCPU,
NUCC;
TCperkm
D

cpt

ij
Fsaf
HF;
HDgq4
S
M

Energy cost per unit.

Energy consumption per hours for facility f,
Power station w in periods t,

Batch size of distributor d for product p,

Weight of the product p (kg/unit),

Demand of customer c from product p in period t,
Unit price of product p in period t for customer c,
Material cost per unit of supplier s in period t,
Batch size of supplier s,

Factory batch size f for product p.

Manufacturing cost for factory f at period t ($/hr),
Manufacturing time for product p (hr / unit),
Manufacturing capacity of facility f at period t,
Capacity of supplier s at period t (kg),

Distributor d capacity at period t (kg),

Storing capacity of facility f at period t (kg),
Material storage capacity of the facility f in period t (kg),
Shortage cost per period for product p ($/period),
Cost of non-utilized manufacturing capacity of the facility f ($/hr),
Transportation cost ($/unit/km),

Distance between location I and location j.

Fixed cost of supplier s, distributor d, and facility f
Factory holding cost

Distributor holding cost

Small number.

Big number.

Qdcpt
Qfdpt

stt
Qwat
prt

Ifdpt

Number of batches transported from distributor d to customer c for product p in
period t,

Number of batches transported from the facility to the distributor d for product p
in period t,

Number of batches transported from supplier s to the facility in period t,
Quantity of energy feeding from power station w to the facility f in periods t,
Number of batches transported from the facility to its store for product p in
period t,

Number of batches transported from the facility to distributor d for product p in
period t,

The binary variable is equal to 1 if a location i is open and equal to 0 otherwise.

Page32 1

ISSN 2319-7757 EISSN 2319-7765 | OPEN ACCESS



INDIAN JOURNAL OF ENGINEERING | RESEARCH ARTICLE

Rapt Residual inventory of the period t in the distributor d for the product p.
Ript Residual inventory of the period t at store of the facility for product p.

Objective Function
The objective is to achieve the maximum possible profit for the optimised situation of this model and to apply the required

equations and constraints, as shown in Equation (1).

Profit = Total Revenue -Total Costs. 1

Total Revenue
This is the total quantity distributed from distributors to customers, multiplied by the price of the product and batch size, each
according to the product and period. which are shown in equation (2).

Total Revenue = Z (Z (Z (Z( Qdept” Ba p* Ppet 1)) 2

deD ceC peP teT

Total Cost
It is the summation of all the costs considered and paid in the process of this model. and are shown in (3).
Total Costs = Fixed Cost + Material Cost + Manufacturing Cost + Inventory Holding Cost + Transportation Cost
+ Shortage Cost + Non Utilized Capacity Cost + Energy Costs

The fixed cost is the cost of contracting with the facility, supplier, and distributor with the binary variable of each, as shown in
Equation (4).
Fixed Cost =Z(FS*LS)+Z(Ff*Lf)+Z(Fd*Ld) .

SES feF deD

The raw material cost is the total batch size transferred from the suppliers to the facility during all periods, as shown in
Equation (5).
Material Cost = E(Z(Z (Qqt *Bg * MATCOST,,))) 5

feF seS teT

The manufacturing cost is the batch size of manufactured in all periods and stored quantities from the second period to the last

in the factory, the hours, and the cost of manufacturing them, as shown in Equation (6).

Manufacturing Cost = Z(Z (Z (Z (Qtapt *Bgp* MH* MCy)))) + Z( Z (Igpt *Bgp* MH,* MCy)) 6
feF deD peP teT pEP te2.T
The cost of non-utilized capacity is the manufacturing cost of the difference between the manufacturing capacity and the total
quantities manufactured and stored in the facility, as shown in Equation (7).

Non Utilized Capacity Cost = Z((Z(Z((CAPHft L Z (Quapt* Bey*MH,) — Z (lype* Bey* MH,)))) * NUCCp)) .

feF teT pep deD deD

The shortage cost is the difference between the customer demand product quantity and the distributed product quantity from

the distributors to the customers, as shown in Equation (8).

Shortage Cost = Z(Z(Z((i (DEMAND,) — i(z (Quept”* Bap))))) * SCPU,) 8

pEP ceC teT 1 1 deD

The transportation cost is the cost of transporting all the weights of the quantities, starting from the raw materials to the factory
and after their manufacture, from the factory to distributors, and from distributors to customers, with defined distances between

each part and the other, and the cost of transport per kilometre, as shown in Equation (9).
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Transportation Cost

=) () () Qste " Bs "TCperkm *Ds))) + ) () () () (Qsapt * Bp * Wp TCperkm™ D1a))))
200 2000

seS feF teT feF deD peP teT
T
9
D e By * W smal)) + D" O (O O lape * By * Wy * TCperian™ Dia)))))
fEF pEP teT feF deD peP tel t=2

#7000 Qe Bap * Wp* TChertam Dac))

deD ceC peP teT

The holding cost is shown in Equation (10).
Inventory Holding Cost = Z(Z (Z(prt *W,* HFp)) + Z (Z (Z(det* W,* HDy))) 10

fEF peP teT deD peP teT

The energy cost is the amount of electricity consumed by the facility provided by the two power stations to produce the
production, as shown in Equation (11).

Energy Cost = ) () () Qs * ECPU,))) 1
weW feF teT

Constraints

There are two types of constraints to ensure balancing of the flow and capacity limits of facilities.

Balance Constraints

Constraints (12 — 21) maintain the balance between each part to others.

D (Qute*B) = > O Quape * Brp * Wp)) + Y (I # By * W), Ve € T, vF € F 1
SeS deD peP pEP
pr(t=1) * pr = pr(t=1) * pr,Vp € P, vfeF 13
(Ttpt * Bgy ) + (Repe—1) * Bep ) = (Repe * Bgp) + Z(Impt *Bg,),Vt€2 > T,Vp €P,VfEF 14
deD
(Z( [fdpt)) < pr(t—l) ,Vt e 2 - T, Vp € P, VfEeF 15
deD
Z(Qfdp(t:l) *Bp) = Rap(e=1) * Bap + Z(Qdcp(t:l) #*Bgp),Vd €D,Vp €P 16
feF ceC
Ifdp(tzl) =0,vfeF,vdeD,vp eP 17
Z((Qfdpt + Itapt) * Bep) + (Rape—1) * Bap) = Rapt * Bap + (Z(Qdcpt *Bgp)),Vt €2 > T,vd € D,Vp € P 18
feF ceC
(Qeapt + Ifapt ) * By = TQrape * Brp, VFEF,vd € D,¥p €P,Vt €T 19
Z(Z(qu’t * de)) < Z (DEMANDCpt) ,VteT,vce C,Vp € P 20
deD 1-t 1-t
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z (QEwft) = Z(Z( Quapt * B * MH,, * ECPHy)) + Z( lipe * By * MH,, * ECPH)), Vf € F, vt € T )

weW deD peP pEP

Capacity constraints

Constraint (22 — 27) ensure that the quantities transferred to each facility does not exceed its capacity.

Z(Qsﬂ* B.) < CAP, * Ly, Vt € T,Vs € S ”
feF
Z(Qsft *B,) < CAPM* L, vt € T,Vf € F -
S€ES
(Z (Z( Quapt* Bep * MH,)) + Z(prt *Bg, *MH,)) < CAPH* Ly, vt € TVf € F ”
deD peP peP
Z(prt * Bgy * W,) < CAPFSy, * Ly, Vt € T,Vf € F .
peEP
Z(Z((Qfdp(tzl) + Iidp(-1)) * Bip * W) < CAPy(-1) *Lg, Vd €D 26
feF peP
D O (Quape + T * Biy * W) + D (Rapny* By * W) < CAPy *Lg, Ve € 2 - T,vd € D 27
feF peP pEP

Constraint (28) ensures that the amount of energy consumed from the power stations in the facility does not exceed the power

station capacities.

Z(Qwat) < CAPWT,vw e W,vte T 28
feF

Computational Results and Analysis

After writing the code using LINGO 18.0, and entering all the data, equations, and constraints, multiple scenarios were
assumed to test the code's logicality and functionality.

The results of the LINGO 18.0 program were obtained, which were then verified by entering them into Microsoft Excel to

analyse and represent them in arranged graphs and tables.

Input data

Table 1 shows the fixed values that did not change in the two scenarios.

Table 1. Input fixed data for different parameters.

N|lw|Jd|lmd

W W| =

BN =
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5 P 3

6 T 12

7 SMAX 3

8 DMAX 3

9 w 2

10 TCperkm 0.001 ($/unit/km)

11 M 9000000

12 small 1

13 Ff 50000 (%)

14 NUCCf 2 ($/hr)

15 HFf 10 ($/unit)

16 HDd 10 ($/unit)

17 ECPHf 0.5 ($/hr)

18 CAPst 20000 (kg)

19 CAPMft 20000 (kg)

20 CAPHft 20000 (kg)

21 CAPFSft 10000 (kg)

22 CAPdt 10000 (kg)

23 MATCOSTst 10 ($/hr)

24 MCft 10 ($/hr)

25 Bdp 1

26 ECPUw12 0.18 0.2 ($/kW)

27 CAPW.T 5000 6000 (kW)

28 SCPUp12s 1 2 3 ($/period)

29 Fsizs 20000 20000 20000 ($)

30 Fdizs 20000 20000 20000 ($)

31 Wpizs 1 2 3 (kg/unit)

32 MHp123 1 2 3 (hr / unit)

33 Bsi23 10 10 10

34 Bfpi2s 10 10 10

35 Dsi2sf 50 60 70 (Km)

36 Dfdi2s 50 60 70 (Km)

37 Ppizsct 100 150 200 (%)
50 60 70 80

38 Ddc 60 50 60 70 (Km)
70 60 50 60

The demands of the customers are an input value for each period, as shown in figure 4 and are different between the two
scenarios.

The first scenario started with a few values of customer demand and then increased by a fixed amount in each period until it
reached periods 6 and 7, with the same values. Thereafter, it decreased by a fixed amount. This scenario is referred to as ‘Increase
Quadratically Relationship’. The second scenario is the opposite of the first, where the customer’s needs start in large quantities and
then decrease by a fixed amount. The demand for quantity in periods 6 and 7 was at the lowest levels. This scenario is referred to as

‘Decrease Quadratically Relationship’.
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DEMANDCcp,,;t

1200
1000
800
600
400
200

Deamands

T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T1l1l T12
e Scenario no.1 500 600 700 800 900 10001000 900 800 700 600 500
e Scenario no.2 1000 900 800 700 600 500 500 600 700 800 900 1000

Periods

DEMANDCp,,5t

1200
1000
800
600
400
200
0

Deamands

T T2 T3 T4 T5 T6 T7 T8 T9 T10 Til Ti12
=== Scenario no.1 500 600 700 800 900 10001000 900 800 700 600 500
=== Scenario no.2 1000 900 800 700 600 500 500 600 700 800 900 1000

Periods

Figure 4 Distribution of the graph and Input Values of demand for each customer in all periods for

all products in Scenario 1 and 2.

From these two scenarios, the performance of the model parts (suppliers, power stations, facilities, distributors, and customers)

can be examined when the values are high in the middle and customer demand is low in the terminal periods.

3. RESULT AND DISCUSSION

The results were verified and clarified as below, considering that the difference between the scenarios was only in the customers’

demand for quantities.

Scenario 1
The tables and graphics below show the results for the first scenario. The quantities transferred from one party to another,
quantities stored in the warehouses, energy quantities supplied to the factory, costs that have been paid, profits, and other aspects
are shown.

Figure 5 shows the percentage of each type of cost compared with the total cost.

Page3 26
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Costs Shares

M Fixed Cost

B Material Cost

® Manufacturing Costs
Inventory Holding Cost

M Transportation Cost

H Shortage Cost

H Non-utilized capacity Cost

0,
W Energy Costs 35.78%

Figure 5 Costs Shares in Scenario 1.

Figure 5 indicates that:

Very high profits compared to the types of costs that have been paid.

The cost of materials was the highest of all costs.

The cost of manufacturing was very close to the cost of materials, which together constituted more than half of the
considered costs.

There is no value for the shortage cost, which indicates that there is no shortage of products, that all the needs of
customers have been satisfied, and that the level of customer service is 100% for all customers.

The cost of energy was the lowest cost paid in this model, which indicates the success of the model in the energy

economy.

From Figure 6, it is clear that:

The demand was increasing linearly.
Production reached the highest manufacturing capacity of the facility, except in the second period.
There were no shortages of quantities in the first six periods.

Certain products were stored in the factory warehouse and the distributor warehouse.

Page32 7
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Weight T1 to T6
30000
25000
20000 c =
15000
10000
5000 I
0
T1 T2 T3 T4 T5 T6
Periods
mm Total of Demand cpt mm Qsft Qfdpt
 fpt . Rfpt . fdpt
mmm Qfdpt+Ifdpt s Total Qdcpt I Inventory Rdpt
s Shortage Qfdpt+Ifpt production e Total CAPst
=@==CAPMft e CAPHft e CAPF St

Figure 6 General flow of weights period 1 to 6 for everything related to the batch size in scenario 1.

From Figure 7, it becomes clear that:

Production and demand decreased linearly.

Production reached the highest manufacturing capacity of the facility only in periods 7 and 8. Subsequently, it decreased.
There were no shortages or distributors’ residual inventory of quantities ranging from 7 to 12 periods.

No products were stored in the factory warehouse or distributor's warehouse, except for period no. 7.

all the demands were achieved completely.

Figure 8 shows the relationship between the capacity of the electric power station and the energy quantity required for the

facility to produce the products in each period.
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Weight T7 to T12
30000
25000
20000
15000
10000
5000
0
T7 T8 T9 T10 T11 T12
Periods
mm Total of Demand cpt mm Qsft mmm Qfdpt
 (fpt . Rfpt . Ifdpt
mm Qfdpt+Ifdpt s Total Qdcpt I Inventory Rdpt
m Shortage Qfdpt+Ifpt production == Total CAPst
e CAPMft e CAPHft e CAPF Sft

e TOtal CAPdt

Figure 7 General flow of weights period 7 to 12 for everything related to the batches size in

7000
6000
5000
4000
3000
2000
1000

scenario 1.

QEwft VS CAPWT in periods

T1 T2 T3 T4 T5 T6 T7 T8 T9

Periods
s QEwilft = QEw2ft

T10 T11 T12

CAPWI1T e CAPW2T

Figure 8 Relationship between the power stations' capacities and quantity of energy consumed in

scenario 1.

It is evident from Figure 8 that:

o The electrical capacity of the first station was used by the facility to manufacture products.

e Most of the electrical capacity of the second station was consumed by the facility to produce products, except for certain

periods (2, 9, 10, 11, and 12).
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o The total energy cost of the first station was higher than that of the second station, although it was lower for the

consumption cost per kilowatt. The increase was because its entire electrical capacity was consumed.

e The decrease in production during periods (2, 9, 10, 11, and 12) led to a decrease in the amount of energy consumed by the

factory during the same periods.

Production VS Energy

20000 12000

10000
5 15000 8000 _
S 6000 &
2 10000 2
£ 4000 “

5000
2000
0 0
T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11l T12
Periods

B Production  ==@=Energy Consumption

Figure 9 Relationship between the Production and Energy in scenario 1

It is clear from Figure 9 that the higher the production, the greater the energy consumed, and that the relationship between
them is positive. Moreover, if the energy consumed increases, the cost price will increase, which will lead to higher costs in general

and affect profits.

Scenario 2
The tables and graphics below show the results for the second Scenario. It shows the quantities transferred from one party to

another, the quantities stored in the warehouses, the quantities of energy supplied to the factory, the costs that paid, profits, and

other aspects.
Figure 10 shows the percentage of each type of cost compared with the total cost.

Figure 10 indicates that:
e Very high profits in comparison to the types of costs incurred.

e  The cost of materials was the highest of all costs.

e The cost of manufacturing was very close to the cost of materials, which together constituted more than half of the
considered costs.

e  There was a certain cost shortage, which indicates that there is a shortage of products and that not all customers' needs
were satisfied. Thus, the level of customer service was less than 100% for the third and fourth customers because the shortage
accumulated to the end and the raw materials were used from the suppliers as the demand was high during the early periods.

° The energy incurred the lowest cost paid in this model, thereby indicating the success of the model in the energy economy.

ISSN 2319-7757 EISSN 2319-7765 | OPEN ACCESS

Page330



INDIAN JOURNAL OF ENGINEERING | RESEARCH ARTICLE

Costs Shares
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Figure 10 Costs Shares in scenario 2.
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Figure 11 The general flow of weights period 1 to 6 for everything related to the batch size in

scenario 2

From Figure 11, it is clear that:

¢  The demand and production decreased linearly.

e All the raw materials supplied by the suppliers were manufactured directly.

e  The shortage of quantities was from the first period to the end.

e  Certain products were stored in the factory warehouse in the first period only.

e No residual inventory in the distributor's store.
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Weight T7 to T12
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Figure 12 The general flow of weights period 7 to 12 for everything related to the batches size in

scenario 2

From Figure 12, it is clear that:

e  Both production and demand increased linearly.

e  Only in periods 9,10,11, and 12, the production reached the facility's maximum manufacturing capacity.
e  The shortage of quantities was from the first period to the end.

e  Many products were stored in the factory warehouse.

e  No products were residually stored in the distributor's warehouse.

¢ Owing to a shortage in certain quantities, all demands were not satisfied.

Figure 13 shows the relationship between the capacity of the electric power station and the energy quantity required for the facility
to produce the products in each period.
It is evident from Figure that:

e The electrical capacity of the first station was used and completely consumed by the facility to manufacture the products.

e Most of the electrical capacity of the second station was consumed by the facility to produce products, except for certain
periods (3,4, 5, 6, 7, and 8), because the production process was reduced.

e  The total energy cost of the first station was higher than that of the second station, although it was lower for the
consumption cost per kilowatt. The increase was because its entire electrical capacity was consumed.

e  The decrease in production during periods (3, 4, 5, 6, 7, and 8) led to a decrease in the amount of energy consumed by the

factory during the same periods.
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QEwft VS CAPWT in periods
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Figure 13 Relationship between the power stations' capacities and quantity of energy consumed in

scenario 2.

It is clear from figure 14, that the higher the production, the greater the energy consumed, and that the relationship between
them is positive. Moreover, if the energy consumed increases, the cost price will increase, which will lead to higher costs in general

and affect profits.

Production VS Energy
20000 12000
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- 15000 2000
S .
5 6000 g
2 10000 ]
2 [¥w}
o 4000
5000
2000
0 0
T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12
Periods

I Production  ==@==Energy Consumption

Figure 14 Relationship between the Production and Energy

in scenario 2

4. CONCLUSION

The proposed model succeeded in achieving high profits while controlling the amount of energy consumed by the factory during
manufacturing, as well as in solving production planning problems for many reasons, including;:

e The percentage of profits in the two scenarios was more than 100%.

e Energy was the least expensive of all costs associated with production, and no energy was wasted.
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e The amount of energy consumed by the plant increased with an increase in production. Therefore, energy costs increased

and decreased with a decrease in any of them.

e All the requirements of the four customers were satisfied in the first scenario, whereas certain shortages were observed in

the second scenario, particularly among the third and fourth customers.

demand or reduce the supplier's capacity because it was very high.

e Only one supplier was used in both scenarios. To use the others, there may be a need to increase raw materials and

o All warehouses at the facility and distributors were used in the first scenario, and all distributors distributed the required

quantities, which confirmed the efficiency of the model.

e  The material and manufacturing costs in both scenarios constituted more than half of the costs paid.

FUTURE RECOMMENDATIONS

This model may be improved in the future through the following ideas:

Increasing the number of factories, distributors, and objectives.

The values of electricity consumed by suppliers and distributors are calculated and incorporated into the accounts, constraints,

and objectives, and connecting power stations to them. This will render the model more comprehensive and generalised.

Finding cheaper manufacturing materials to increase profits and control the cost of manufacturing materials and workmanship,

provided product quality is not compromised.

Creating a method of delivering products to customers using electric trucks, including the cost of charging them with electricity

in the costs paid, and connecting them to customer delivery operations.
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