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1. Introduction

In today’s conditions, the necessary component of the
production process is the availability of a sufficient number

of appropriate quality of production stocks. Priority direc-
tion of increasing the efficiency of industrial enterprises
is the proper provision of value to consumers of finished
products. The main objective of the industrial enterprise is
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ensuring the welfare of owners, cash generation and preven-
tion of negative results of work that is achieved primarily
through effective material flow management, as well as
reducing unproductive costs/waste in the procurement and
storage of industrial stocks, storage and sale of finished
products. Improvement of management of internal processes
of the enterprise, taking into account the current state of
development of the market and the sector of the national
economy, internal resources and potential opportunities is
of particular importance. Generalization, systematization
and justification of methodological features of effective
material flow management of an industrial enterprise in
the context of providing value to the consumer become
topical.

2. The ohject of research
and its technological audit

The object of research is the material flow management
of an industrial enterprise as a component of the flow of
value creation within the introduction of the concept of
lean production.

It should be noted that the value for the consumer
is formed as a result of a certain set of activities of the
manufacturing enterprise, in particular the greater part in
the balanced flow of processing the production stocks (raw
materials and materials) through work in progress and
semi-finished products of its own production to finished
products.

It should be noted that it is expedient to systema-
tize all actions that consume resources and require costs,
from the standpoint of readiness for them to pay the
consumer to groups: (1) value-added to the finished pro-
duct; (2) non-value-added to the finished product and are
not necessary for the organization and production techno-
logy (unproductive waste) (3) required non-value-added
to ensure the normal operation of production [1-3]. To
reduce waste, it is appropriate to consider the feasibility
of implementing lean production methods, including the
use of their integration.

The author in previous scientific works established
a set of the most recognized and common methods of lean
production [4, 5], and also the combination in various
combinations of some methods for the effective material
flow management of an industrial enterprise is reaso-

nably [5].

3. The aim and ohjectives of research

The aim of research is development of theoretical and
methodological approaches to material flow management
of an industrial enterprise in the context of lean trans-
formations.

Achieving this aim has made it necessary to solve the
following scientific problems:

1. To reveal the material flow as a component of the
value stream for the end user.

2. To substantiate an ordered set of methods of lean
production in the material flow management of an indus-
trial enterprise.

3. To prove the expediency of a combination of methods
for ensuring rational material flow management from the
point of view of the effective functioning of an industrial
enterprise in the lean context.

4. Research of existing solutions
of the prohlem

A critical analysis of the published works of scientists
on the outlined problems allows to establish the basis
for the study:

— the concept of lean production is one of the domi-

nant in the management of an industrial enterprise in

the current conditions of management [1, 3, 6, 7];

— the company’s activities are focused on creating value

for the end user [6, 8];

— material flow management is a priority for industrial

enterprises in achieving the goal of lean production [1, 3, 9];

— the key element is waste to overproduction, wait

time, transportation, processing, inventory, motion,

defects [6], which it is advisable to minimize and, if
possible, eliminate/liquidate;

— the systematization of waste by their types and

presentation in the form of a mini glossary of the

terminology of the lean production concept [10, 11],

a mini guide to the implementation of lean production

techniques [12].

Recognizing the importance of the obtained scientific
results, certain theoretical and methodological problems of
rational material flow management of an industrial enter-
prise to create value for the consumer remain the subject
of discussions and require further research. In published
works, the material flow management in the concept of
lean production for providing value to the consumer is
not sufficiently investigated, the urgency of this problem
and the need for this study are determined.

5. Methods of research

Specific scientific results are obtained using general and
special methods of researching processes and phenomena
in their interrelations and development, namely: system
analysis — to establish the basic approaches to material flow
management of an industrial enterprise; graphical method —
to represent the model of material flow management of an
industrial enterprise on the lean basis; synthesis, induc-
tion, deduction — to justify the expediency of using lean
production methods within the framework of individual
material flow management functions; structural and logi-
cal analysis, groupings, system method — for selection of
key performance indicators in material flow management.

6. Research results

The flow of value stream (all actions without exception,
as a result of which the product passes through all stages
and processes — from developing its concept to launch-
ing into production and from accepting the order for the
product before delivery to the customer [8]) is viewed as
the main object of management in the lean production
concept. The most difficult and important problem is the
allocation of value streams for a single product or for
a group of products within an enterprise. This is explained,
first of all, by focusing on increasing the value of the
product from the position of the customer; the focus of
attention of top management on identifying unproductive
costs and excluding actions/operations that create them.
For industrial enterprises, the material flow becomes impor-
tant as a component of the value stream with qualitative

;20
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and quantitative characteristics. It is a sufficient material
flow that ensures the normal functioning of an industrial
enterprise. This encourages top management to effectively
manage the material flow. As part of the study, a model
is proposed for material flow management of an industrial
enterprise based on lean principles (Fig. 1).

VALUE STREAM

PURCHASE PRODUCTION SALES
PROCESS PROCESS PROCESS
} raw materials semi-finished finished products \\
I and materials products, \
| work in progress )
I 4
I 7
I /)

SUPPLIERS
CUSTOMERS

MATERIAL FLOW

Coordination:
VSM', 1T, SOP”,
Kanban, Heijunka, >
Kaizen

Control:
58, VSM', Visual
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Jidoka, Andon, SOP/

Organ*izatiog: .
58, W8M, 80P, JIT

Agcounﬁ;lg: .
V¥SM, 80P ,JIT,
Poka-Yoke

Set of rational lean management decisions in the chain
"supplier-producer-customer”

% Material flow management system of an industrial enterprise F

Fig. 1. The model of material flow management system of an industrial
enterprise on the lean basis. Note: author’s own development.
Note: VSM (Value Stream Mapping), 5 W (Five Whys), SOP (Standard
Operating Procedure), JIT (Just-in-Time)

The target basis for material flow management in
providing value to the end user is appropriate to de-
termine:

— quantity is related to the efficiency and throughput

of technological equipment for converting raw mate-

rials and materials into finished products from the
first presentation to the consumer;

— quality — sufficiency is ensured by the basic cha-

racteristics of the final product, for which customers

and end users are willing to pay;

— time — reduction of the production cycle duration,

which is consistent with the production program and

the established requirements of internal regulations for
duration of the technological process.

The main objective of material flow management of
an industrial enterprise on the lean basis is creation of a
greater value with less effort, with a focus on continuous
improvement, provided that there is a targeted reduction
in unproductive expenses (waste).

As part of research, the material flow of an industrial
enterprise in the context of lean production should be
viewed from the viewpoint of the process approach as
a set of interrelated processes:

— the process of purchase/supply is aimed at the imple-

mentation of individual transactions within the value

stream to create a material flow in the form of raw
materials and materials (main and auxiliary);

— the process of production/processing provides for
the manufacturer to perform certain operations of the
technological process, quality assurance procedures,
arrangements for the organization, maintenance and
administration of production within the value stream
by utilizing the limited resources and intelligence of
the staff. The material flow is in the form of a flow of
unfinished production at various stages of processing
with a different degree of readiness of products and
semi-finished products of own production;

— the process of sales/consumption ensures the confir-

mation/evaluation of the received necessary value by

the consumer in the best way for him. Material flow
in the form of a stream of finished products intended
for use/consumption by the customer.

From the point of view of the systemic approach of
creating value for the consumer, it is expedient to con-
sider through the material flow management as a system,
realized by establishing a set of rational specific lean
methods for performing these processes. To comply with
this, owners and top management of the manufacturing
company need to revise the value stream daily, with
a focus on the future well-being of key stakeholders:
suppliers and consumers. As a consequence, in the chain
«supplier-producer-customer» joint lean management
decisions are made.

It should be noted that effective management of
material flow in the lean context provides for a con-
sistent mutually agreed rationale for lean production
functions and methods within an individual function.
Under such conditions, continuous improvement of
the value creation for the consumer is ensured. Thus,
the implementation of the analysis function involves
identification of waste in the material flow, establishing
the causes of their occurrence and justifying the ways
of reducing/eliminating/preventing by introducing the
VSM, 5 W [8, 10-14].

It can be argued that the construction of a value stream
map in the context of the material flow (current-state map,
future-state map, ideal-state map [8, 10-13, 15]) helps
overcome, above all, the problem of identifying waste in
the material flow and continuous improvement work to
minimize them. The presence of cards helps to distribute
operations in the material flow within the allocated pro-
cesses into two groups (create value for the consumer/do
not create value for the consumer), helps to establish un-
productive expenses and operations/hidden waste, and
also substantiates a plan for modernization and improve-
ment. A careful study of the cause-and-effect patterns of
the occurrence of waste and the development of possible
management solutions to overcome typical problems and
non-standard situations is provided by the 5 W.

Rational planning and organization of the material flow
in the concept of lean production should be considered
as a basis for the formation of (1) necessary and suffi-
cient value for the consumer; (2) reliable and sufficient
information on the results of the conversion from raw
materials to the finished product and the improvement
on an ongoing basis of concerted actions with suppliers
and customers. Correct execution of planning and or-
ganizing functions ensures the application of 5S, VSM,
SOP, JIT [8, 10-13, 15]. 5S contributes to improving
the performance of operations of the process and safe
working conditions, reducing accidental errors/hidden
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waste and rejection. The application of JIT provides for
the identification of a model to justify the optimal stock
in the places of storage of raw materials and materials
of the proper quality and the optimal order size from
suppliers. Implementation of JIT allows to predict the
stability of the use of reserves, the predictability of fluc-
tuations in the level of consumption of stocks depending
on the needs of production, timeliness and accuracy in
forecasting changes in the production need in the enterprise.
SOP by developing and approving internal standards, in-
cluding value stream maps, improves the quality of work
performance within a single workplace, a functional unit
or a dedicated management entity, or an enterprise as
a whole.

The success of the accounting function depends on
the implementation of the VSM, SOP, JIT, Poka-Yoke [8,
10-13, 15]. The SOP method by implementing internal
regulations, one of which is a value stream map, in ev-
eryday practice allows identifying problems, streamlining
the activities of an individual specialist, a structural unit
and an industrial enterprise as a whole. Using the JIT,
top management should assess the possible costs due to
a lack of certain types of materials or excess of their
use, which may be caused by inaccuracies in calculating
the necessary quantity of stocks in accordance with the
consumption needs in the production process, which is
provided by the application of management accounting of
the ABC analysis, XYZ analysis. Poka-Yoke contributes to
the prevention of errors in material flow, excessive reserves
and the risk of freezing working capital.

The effectiveness of monitoring the obtained results
is facilitated by the use of 5S, VSM, Visual Manage-
ment, JIT, Jidoka, Andon, SOP [8, 10—13, 15]. To ensure
operational control by Visual Management and Andon,
there is a need to justify key performance indicators in
three levels [16]: (1) the performance indicators of the
workplace; (2) the effectiveness indicators of the value
stream; (3) the performance indicators of the enterprise
as a whole. The use of such key performance indicators in
the material flow management is suggested: average days-
in-inventory (days), level of reliability of suppliers (%),
number of permanent suppliers (units), the level of at-
tracting new suppliers (%), level of vendor loyalty (%),
age of accounts payable (days), average duration of the
development of a new product (days), average duration of
preparation for the launch of a new product in production
(days), average duration of the technological process work
hours (hours), average cost and unit cost of production
(UAH), material consumption of products (UAH/UAH),
material output (UAH/UAH), profit level per UAH of
material costs (%), average duration of flow reconfigura-
tion (hours), percentage of rejections for certain types of
products (%), cost of rejection repairing (UAH), average
duration of one order (hours), average days’ sales uncol-
lected (days), working capital DAYS (day). Controlling the
normal course of the production process with a focus on
the quality of each operation to prevent defects is provided
by Jidoka and VSM. Implementation of 5S+ JIT + SOP
involves determining the frequency of inspections of stock
levels, affect the time and volume of the order.

The result of regulatory and coordination functions
is fully achieved through compliance with the VSM, JIT,
SOP, Kanban, Heijunka, Kaizen [7, 8, 10—15]. Implementa-
tion of corrective measures in the material flow is car-

ried out by (1) reviewing and refining the future-state
map on the formation of an ideal-state map — VSM; (2)
ensuring minimum waste and equalization of production
volumes — Heijunka; (3) synchronization of the production
process with collateral and the consumption process —
JIT + Kanban. SOP contributes to the continuous im-
provement of professional skills, and Kaizen — to develop
proposals for improvement of the management of material
flow on an ongoing basis.

7. SWOT analysis of research results

Strengths. The strength of research is the further deve-
lopment of the lean management methodology in the form
of a proposed model of material flow management by an
industrial enterprise on the lean basis, which provides
a comprehensive approach to the rationale for rational
management decisions in the «supplier-producer-customers
chain.

Weaknesses. The weak side is the limitedness of a suf-
ficient set of initial data to perform the necessary amount
of applied confirmation of theoretical and methodological
provisions for material flow management of an industrial
enterprise in all aspects of activity with a focus on re-
ducing waste.

Opportunities. Opportunities for further research should
not be limited to justified methods (combining methods) of
lean production in material flow management of an indus-
trial enterprise to create the value of a finished product.
Further substantiated implementation of lean production
methods with an orientation to the effectiveness of the
information flow management of value creation will provide
further development of the theory and practice of lean
management of an industrial enterprise.

Threats. Threats to the research results are (1) the
complexity of obtaining sufficient and reliable informa-
tion, which makes it difficult to assess qualitatively
and objectively the implementation of lean production
methods in the material flow (2) the underestimation
by top management of the importance of material flow
management of an industrial enterprise to create value
from the consumer’s perspective, will predetermine future
waste.

1. The conducted research allows to characterize a ma-
terial stream as a component of a value creation stream
where there is a change of a material form of raw materials
and materials through a work in progress to a finished
product with simultaneous value creation for the con-
sumer. The target basis for material flow management in
providing value to the end user is established: quantity,
quality, time.

The solution of the problem of material flow manage-
ment with the use of the process approach (based on the
set of coordinated interrelated processes), the system ap-
proach and the functional approach (using specific lean
methods within an individual control function) is proposed
to ensure lean transformations in the material flow.

2. The relevance of the use of a combination of methods
of lean production in the implementation of individual
functions of material flow management of an industrial
enterprise with an orientation toward continuous im-
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provement of the creation of value for the consumer is
disclosed.

3. The combination of lean methods in various combi-
nations has been further developed to successfully perform
the functions of efficient material flow management of an
industrial enterprise in the context of implementing the
concept of lean production.
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YNPABNEHKE MATEPHANIbBHBIM NMOTOKOM NMPOMBIW/IEHHOTO
NPEANPHATHA HA NMPHHUUNAX BEPEM/IHBOCTH

OxapaxkTepnu3oBaH MaTepPHAJIbHBIN ITOTOK KaK 3JIEMEHT IT0TOKA
CO3/1aHUST 1IEHHOCTH, T/le IPOMCXO/ANT M3MEHEHHe MaTephuasbHO-
BEIIECTBEHHO! (DOPMBI MTPOM3BO/ICTBEHHBIX 3aIIACOB /IO TOTOBOTO
U3/IeJUs ¢ OJHOBPEMEHHBIM CO3[aHUEM IEHHOCTU ISt TTOTpeOu-
tesst. IIpesioxkena Moziesib yIpaBieHsT MaTepUaJbHbIM TTOTOKOM
[POMBIIIJIEHHOTO MPEANPUSATHS HA OCHOBE OEPEKIUBOCTH C HUC-
[0JIb30BAHNEM IIPOIECCHOTO, (PYHKIMOHAJBHOTO U CHCTEMHOTO
MOAX0/I0B. PacKpbITa yMECTHOCTh HCIIOJIb30BAHUSI COBOKYITHOCTH
METO/IOB OEepesKINBOrO MPOU3BOJICTBA B PEATUBAINK OT/IETbHBIX
(yHKIMI yrpaBiIeHNs MaTePHaJbHBIM ITOTOKOM IPOMBIIIJIEHHOTO
HPEIIPUSTHS C OPHEHTAINell Ha HeIIPEePbIBHOE COBEPIIEHCTBOBAHIE
CO3JIaHUST TIEHHOCTU JIISI TIOTPEOUTEIIS.

Kmoueeste cmoBa: 110TOK CO3/IaHNS [IEHHOCTH, MaTepUaJIbHBbII
MOTOK, YIPaBJIEHIE MATePUATBHBIM ITOTOKOM, OEpeRJINBOE TPO-
M3BOJICTBO, TIPOMBIILIEHHOE IPE/IIPUsITHE.
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