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Abstract. Blending technologies are important in many sectors of industry, but are most prevalent in the
chemical and food industries. They are playing an increasingly important role in the world economy
despite the spread of electromobility. Nowadays, in addition to the technological aspects, there is a
growing need to look at the logistical aspects, as logistics related costs account for a significant part of
the cost of blending technologies. In this research work, the results of the analysis of the impact of quantity
discounts, an important aspect of procurement activities related to blending technologies, are presented.
A mathematical model is presented that can be used to investigate the impact of quantity discounts of
components on profit and product quality. Based on scenario analyses carried out based on the
mathematical model, it is demonstrated that the quantity discount can have a significant impact not only
on total cost and profit, but also on the quality of the finished blended product.
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1. INTRODUCTION

The chemical and food industries typically use blending technology to produce
their products. These blending technologies are becoming increasingly widespread,
producing large quantities of high value products. The global fossil fuel consumption
in 2022 was 39.413 TWh gas, 52.970 TWh oil and 44.854 coal [1]. This huge amount
of fossil energy is generally processed by blending technologies, therefore it is
important to improve both technological and logistics processes and blending
technologies. Research of the technology and logistics associated with blending
technologies is very significant, but the integrated study of technological and
logistical aspects is still a less researched area.

The logistics aspects of blending technologies affect procurement, production,
distribution and recycling, while manufacturers and service providers have to face
both the positive and negative impacts of the fourth industrial revolution,
globalisation and digitalisation. In this research paper, the author aims to investigate
a fundamental area of procurement logistics. The aim of the research is to develop a
mathematical model to investigate the effects of quantity discounts, well known in
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procurement logistics, on the quality of products produced using blending
technologies. The research work discusses an important topic of blending
technologies, because logistics represents an important part of the total costs.

This paper is organized as follows. Section 2 shows the most important
research results from both technological and logistics point of view. Section 3
proposes a mathematical model, which makes it possible to analyse the impact of
quantity discount of components on the total cost, profit and product quality. Section
4 discusses the results of the numerical analysis of two scenarios, which validates
the mathematical model. Conclusions, future research directions and managerial
impacts are discussed in Section 5.

2. LITERATURE REVIEW

The research results regarding blending technologies can be divided into two
main parts. The first part focuses on technological aspects of blending technologies,
while the second part discusses logistics aspects in blending technologies.

The technological researches include a wide range of quality and processing
related aspects, for example development of diesel fuel blending technologies using
house of quality [2], fusibility and gasification aspect in coal blending technologies
[3], automation and digitalization of cotton blending technologies [4], development
of novel blending technologies for power generation focusing on biomass blending
[5]. As the technological researches shows, the development of blending
technologies is important not only from financial aspects, but it has a significant
impact on environment [6]. The blending technology can also be researched from
stability of final product point of view and stability can be significantly influenced
by components [7]. Blending technologies and blending processes are complex, their
optimisation can lead to complex NP-hard optimisation problems and the solution
of these NP-hard optimisation problems is generally possible by heuristics and
metaheuristics, as Cai et al. shows in a research focusing on optimisation of coal
blending technologies using quantum particle swarm optimization [8]. Other
interesting research works are focusing on online blending [9], mineral processing
[10], intensification of flow blending technologies [11], blending technologies and
renewable fuel [12], stability in blending [13], extraction processes [14] and melt
blending technologies [15].

The logistics aspects of blending technologies include purchasing logistics,
production logistics, distribution logistics and recycling logistics, but the mainly
researched area is purchasing logistics, because a suitable optimised supply chain
can significantly increase the efficiency of blending technologies. The supplier
selection problem is extensively discussed in [16]. The author focuses on the global
supply chain and discusses the potentials in cross-docking facilities to improve
availability and efficiency of material supply in blending technologies. A integrated
approach is discussed in [17] focusing on stock size, batch size, transportation,
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storage and supply chain structure. The networking potentials of blending
technologies are also discussed by researchers [18]. Outsourcing is also an important
potential in logistics processes of blending technologies, as a research validates the
importance of outsourcing activities in supply chain solutions [19]. However, the
mathematical modelling generally leads to complex, NP-hard models, but there are
approaches, which shows, that LP models can be also suitable to model logistics
aspects of blending technologies [20].

As this short literature review shows, the research of blending technologies is
important both from technological and logistics aspects. Within the frame of this
article, a purchasing logistics related approach is discussed to show the importance
of quantity discount in purchasing and procurement decisions.

3. MATERIALS AND METHODS

Within the frame of this part of the article, the mathematical model for the
analysis of the impact of quantity discounts on the purchasing costs for blending
technologies is discussed.: The input parameters of the optimization model are the
followings:

. specific price of blended products: pj, where j = 1 ... jimax

. specific purchasing price of component i for the final products: p;(a;), where
a; = X ay 1

and a;; defines the amount of component i assigned to final product j,

. specific blending cost of component i into final product j: ciTj

. quality parameter k of component i: p;;,

»  demand for final product j: d;,

« lower limit for the quality parameter k for final product j: pji™,

* upper limit for the quality parameter k for final product j: u}*,

«  the total available inventory of component i available to be purchased: a/***.

The objective function of the optimisation of the blending processes is
generally a cost function, which defines the minimization of the total cost depending
on the specific price of blended products, the purchasing price of components, the
amount of purchased components required to blend the final products, and the
specific blending cost as follows:

C = Sjmerp; + Lo Tmer ayy - (pilap) + cff) - min. @

The first constraint defines, that |t is not allowed to exceed the available upper
order limit, which depends on the available component inventory of suppliers:

vi: Rimax g, < g ©))

The second constraint defines, that it is not allowed to exceed the lower and
upper limit of quality parameters predefined for the blended final products:
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Vi, ke uliN < T ags g (B0 ag) Tt < X 4)
The third constraint defines, that it is not allowed to exceed the available
component specific technological resources:

Vi Zj’r;ulzxfg < fiTMAX (5)

Within the frame of this model, the impact of specific purchasing price is

discussed, therefore it is important to define the specific price depending on the order

quantity. The first way to define the purchasing price depending on the order

quantity is a price function, as follows:

viipi(ap) =p? —a% (6)

where p? is the initial purchasing cost of component i, and « is a discount

factor. The second way to define the purchasing price depending on the order
quantity is a stepwise function as follows:

aj <h* - pi(ay) = pi*
Viipi(a) = | i +1<ai <h®? >  pi(a)) =pi* (7

h9 ' +1<a; <h¥ - pia)=p"

The third way define to define the purchasing price depending on the order
quantity is a capacity related function, which defines the specific purchasing price
increased by the logistics related costs. One typical type of these logistics related
costs is the specific transportation cost depending on the capacity of the
transportation resources. Figure 1 shows examples for these three types of specific
purchasing price functions.
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Figure 1 — Specific cost models

The decision variable of the optimization problem is the A = [a,-]-] assignment
matrix, which defines that a;; quantity from component i has to be purchased for
final product j. The supplier selection problem is also an important part of purchasing
strategies regarding blending technologies, within the frame of this article the single
supplier solution is discussed, but the models are also suitable for multi supplier

solution, because it is possible to define products from different suppliers as different
products.

4. RESULTS
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Within the frame of this chapter, two scenarios will be described to validate the
proposed optimization approach to find the optimal purchasing quantity of
components for the final products to be blended. Scenario 1 discusses the impact of
quantity discount of components on the total price and profit, while scenario 2
focuses on the impact of quantity discount on the quality parameters of final
products. In this scenarios, the capacity constraints are not taken into consideration,
but in a future research, the connection between constrained available technological
resources and quantity discount of components can be also analysed. The scenarios
include 5 final products and 5 components, each having 3 quality parameters, which
are defined as proportions in percent. All quality parameters have lower and upper
limits, but in practical cases, the quality parameters can be constrained either by a
lower or by an upper limit and it is not allowed to exceed this lower or upper limit.

Scenario 1: Numerical analysis of a case study focusing on costs

Within the frame of this scenario, the impact of quantity discount on the total
cost and profit are described, while quality and capacity related constraints are taken
into consideration. Table 1 summarizes the input parameters of components.

Table 1 — Input parameters of components in scenario 1

. Component ID

Input parameters of components | Notation C1 o7 C3 ca o

Initial purchasing price in USD pE 3 4 5 6 7

Quanily speeiepIeResng | ey | pf - ey Efey a

Quality parameter 1 in % Uit 10 12 14 11 9
Quality parameter 2 in % Uiz 1 2 3 2 4
Quality parameter 3 in % Uiz 30 34 41 29 52
Auvailable amount in pcs a** 150 20 260 50 150

Table 2 shows the input parameters of final products to be blended.

Table 2 — Input parameters of final products in scenario 1

Input pagz:(r::je&gg of final Notation = = Prmf:gt 1D = =
Demand in pcs d; 100 90 80 110 55
Specific price in USD p; 10 10 10 10 10
Conalimtotwaiy | g | 5 | o | 0 | 0 |
Chper it | | | e | w |1 |
o e | W |2 | 2 |3 |2 o
gttt | | s |« | 4 | o | s




ISSN 2078-7405 Cutting & Tools in Technological System, 2024, Edition 100

Lower limit of quantity

MIN
parameter 3 in % Hj3 30 34 30 40 30
Upper limit of quantity MAX
parameter 3 in % K3 35 52 45 52 40

3.

Quality parameter L in %

Based on Table 1 and Table 2, the specific purchasing cost for each component
can be described as follows:

for components C1: p;(aj) = 3 — 43571 ¥°_; ay;,
for components C2: p,(a3) = 4 — 43571 ¥7_, ay;,
for components C3: p3(a3) = 5 — 4357 X7_, a;,
for components C4: p,(a;) = 6 — 43571 ¥>_, ay;,
for components C5: ps(as) = 7 — 43571 X7_, as;.
The above described scenario is a non-linear optimization problem, which can
be solved by nonlinear regression. The optimization led to the results shown in Table

Table 3 — Resulted assignment matrix of the scenario describing the amount of
components to be purchased in pcs in scenario 1

Product ID
Component ID Al A2 A3 Al A5
Cl 46 45 0 30 27
C2 0 0 0 0 0
C3 46 45 80 60 28
C4 8 0 0 0 0
C5 0 0 0 20 0

The quality parameters of final products are shown in Figure 2. As Figure 2
shows, all quality parameters are between the predefined lower and upper limit.

l

Quality parameter 2 in %

=
o

5

4

w
n

~
n

3

2

=

15
14
13
12
1
10
E
TTa M oAs

A2 A3
Product ID

al da

Product ID

£35
iy
—

A2

| |
=

Product ID

Figure 2 — Quality parameters of final products in scenario 1

In this scenario, the total cost is 1748.1 USD, while the maximized profit is
2601.9 USD. In the case of model without quantity discount, the total purchasing
cost would be 178.9 USD higher.
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Scenario 2: Comparison of quality parameters with and without quantity

discount

In the next scenario, the impact of the quantity discount on the optimized
product quality parameters are discussed. As shown in the first scenario, the quantity
discount of components has a significant impact on total cost and profit, but it is also
important to analyse the impact of quantity discount on quality parameters of final
products, as quantity discount may make it worthwhile to order more of certain
components, which may lead to a decrease in the quality parameters of the finished
products.

Table 4 shows the lower and upper limit of quality parameters for final
products. The demands and the specific prices of final products are the same as in
the case of scenario 1.

Table 4 — Lower and upper limit of quality parameters for final products in scenario 2

Input parameters of final Notation Product ID

pro_ducts _ Al A2 A3 Ad A5
Coveimielae® | g |0 | 0 | 1| 0 | s
il ® | e | w | s | w0 | » | v
Coverlmictun® | g | 2 | 2 | s | 2 | 2
oo | g | s | 5 | 5 | 5 | s
oo | 0 [ w0
et | g [ s [0 [ |6 | w

Table 5 summarizes the input parameters of components.

Table 5 — Input parameters of components in scenario 2

Input parameters of Notation Component ID
components C1 C2 C3 C4 C5
Initial purchT:l)ng price in PP 10 12 20 8 11
Quality parameter 1 in % Uig 10 12 14 11 9
Quality parameter 2 in % Uin 1 2 3 2 4
Quality parameter 3 in % M3 30 34 41 29 52
Available amount in pcs a"** 200 120 50 350 200

The optimization of scenario 2 led to the results shown in Table 6.
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Table 6 — Resulted assignment matrix of the scenario describing the amount of
components to be purchased in pcs in scenario 2

Product ID
Component ID AL Y A3 v A5
Cl 0 0 0 0 0
C2 0 0 0 0 0
C3 0 0 0 0 0
C4 95 82 40 57 40
C5 5 8 40 53 15

The quality parameters of final products are shown in Figure 3. As Figure 3
shows, all quality parameters are also between the predefined lower and upper limit.
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Figure 3 — Quality parameters of final products in scenario 2

In scenario 2, the total cost is 3843 USD, while the maximized profit is 507
USD. Using the following quantity discount model for scenario 2:
viip(a;) = pf — a ®)
where p? =(10,12,20,8,11) and « = (1.01,1.001,1.01,1.01,1.005), the
total profit is 2009.4 USD and the total cost is 2340.6 USD.
In this second part of scenario 2, the quality parameters are also between the
lower and upper limits, as shown in Figure 4.
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Figure 4 — Quality parameters of final products in scenario 2

|

el
0

Quality parameter 1 in

BN ERh &S

Quality parameter 2 in %
w o

w i s nowin

As the comparison of quality parameters with and without quantity discount
shows, the quantity discount has significant impact on the quality of blended final
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products. Figure 5 summarizes the differences of quality parameters with and

without quantity discount.
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Figure 5 — Comparison of quality parameters of final products in scenario 2 with and
without quantity discount of components

As Figure 6 shows, the proportion of optimised quality parameters with and
without quantity discount of components can be different, which means, that in the
case of scenario 2, quality parameter 1 was lower, while quality parameters 2 and 3
were higher with quantity discount.
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Figure 6 — Proportion of optimised quality parameters in scenario 2 with and without quality
discount

5. SUMMARY

Blending technologies are a special field of industrial technologies where the
quality parameters of the components significantly determine the quality of the final
product, and this significant relationship can usually be defined by means of specific
mathematical functions. As evidenced by a number of literature sources and research
works, one of the most important research directions for blending technologies is the
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investigation of the technological aspects of blending technologies, while there are
only few sources in the literature that deal with the logistical aspects of blending
technologies. In the present research work, a mathematical model was developed to
investigate how the quantity discount on the components that make up the finished
product affects the total cost, profit and the impact on the quality and quality
parameters of the finished product. Based on the two case studies presented, it can
be concluded that the quantity discount has a significant impact on profit, has an
impact on the quantity and quality of the components purchased and thus affects the
quality of the finished product.

As a future research direction, it is possible to analysed the impact of
dynamically changing specific component costs and quantity discounts on the total
cost of blending technologies and various purchasing strategies can be defined
depending on the complexity of the products, available components, suppliers and
cost models.
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Arora banpsi, Minmkons1, Yropuiinaa

BILIUB KIJIBKICTHOI 3HUKKHU HA 3AKYIIIBEJIbHI BUTPATH B
TEXHOJIOI'TAX 3MIITYBAHHSA

AHoTanis. Texnonoeii sMiutyeanna (KynajicyeanHs) 6adliciusi 6 6a2amvox any3ax npoMuciosocmi, ane
HaUlbiNbW nowupeHri 8 XiMIYHiL ma xapuositl npomuciogocmi. Bonu sidieparome éce 6invuu 8axciugy pois
V  C8IMOGIU eKOHOMIYl, He36adNcardu HA Nowuperuss eiekmpomobinonocmi. Cb0o200HI, OKpim
MeXHONOIYHUX ACNeKmiB, 3pocmae nompeda posenAHYmMu N02ICMUYHI ACNeKmu, OCKIIbKU SUMpamu,
nos8'a3ani 3 JN02ICMUKOI0, CMAHOGIAMb 3HAYHY HACMUHY CcODIBAPMOCMi MeXHONO2I 3Milly8aAHH.
Kynaoicni  mexuonozii € 0co01ueoro 2any3sio npoMUciogux mMexHonozil, oOe napamempu AKOCHi
KOMNOHEHMI8 CYMMESO BUSHAYAIOMb AKICIb KiHYeB020 NPOOYKNLY, i yell Cymmesull 63a€M036'30K, AK
npasuno, Modice Oymu GU3HAUEHUIL 3a O0ONOMO20I0 NeGHUX MAMEMAMUYHUX QYHKYIN. K ceiouums Hu3Ka
JimepamypHux 0dicepei ma HayKogo-00CHiOHUX pOOIM, OOHUM 3 HAUBANCTUBIUUX HANPSAMKIE O0CTIONHCEHb
MEXHON02IU 3MIULYBAHHS € DOCTIONCEHHS MEXHONIO2IYHUX ACNEKMI6 MeXHON02I 3MIULYBAHHS, 8 MOU HaC
AK JIO2ICMUYHUM ACNeKmam MexHONO2I 3MIUYBaHHA 6 JNimepamypi NpucesdeHi nuuie HOOOUHOKI
Odcepena. Y Oamili  Hayko6o-0ocrioniil pobomi 6Oyia po3pobrena mamemamuyna mooenvb O
00CTiOIHCEHHS MO20, K KITbKICHA 3HUIICKA HA KOMIOHEHMU, WO 6X005Mb 00 CKAAOY 2008020 NPOOYKNLY,
BNIUBAE HA 3a2abHY cobisapmicmb, NpUOYMOK I 6NUE HA napamempu AKOCmi 20mogozo npodykmy. Ha
OCHOBI 080X NPeOCmMaGIeHUX MEMAMUYHUX OOCTIONCEHb MOJICHA 3POOUMU 6UCHOBOK, WO KilbKicmHA
SHUIICKA MAE 3HAYHUL 6NIUG HA NPUOYMOK, GNAUBAE HA KITbKICb MA AKICMb NPUOOAHUX KOMNOHEHMIE I,
MAKum YUHOM, BNJIUBAE HA AKICMb 20MO080T NPOOYKYIL. B axocmi Manoymub020 HAnPAMKY 00CHIOHCEHH S
Mooice Oymu ananiz 6nauey OUHAMIYHOT 3MIHU NUMOMUX SUMPAM HA KOMROHEHMU Md KilbKiCMmHUX
SHUJICOK HA 3A2ANIbHY 6APMICMb MEXHONO0I 3MIUWYBAHHA, A MAKOJC GUIHAYUMU DI3HI cmpamezii
3aKynieenb 3a1eHCHO 8I0 CKIAOHOCHI NPOOYKYiT, 00CIYNHUX KOMNOHEHMIs, NOCMAYalbHUKIE ma Mooenell
sumpam.

KaiouoBi cioBa: mexnonoeii smiwysanns; eKOHOMIYHA epeKmueHicmb, ONmuMizayis, KilbKicmua
SHUMHCKA, AKICMb NPOOYKYIL.
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